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Abstract

Purpose of review—Children living in socioeconomically disadvantaged households have 

excess risks of neurodevelopmental and neuropsychiatric problems. The purpose of this review 

is to synthesize evidence for mechanisms that may contribute to these excess risks.

Recent findings—The majority of the 60 studies included in our review focused on children’s 

neurocognitive development and behavioural problems. About half conducted mediation analyses 

of factors in the family and neighbourhood environments, including access to resources (e.g. 

cognitive inputs within the home environment) and exposure to stressors (e.g. negative parenting 

practices), as well as neurobiological embedding of childhood disadvantage. In addition, many 

studies conducted moderation analyses of factors that were hypothesized to interact with (i.e. 

exacerbate or mitigate) the harmful effects of childhood disadvantage.

Summary—Many of the factors that contribute to the excess risk of neurodevelopmental and 

neuropsychiatric problems among children in disadvantaged households are potentially modifiable 

(e.g. cognitively stimulating materials, parental language input, cultural resources, parental stress 

and psychopathology, negative parenting, neighbourhood violence). If their causality is ultimately 

established, they could be targets for the prevention and reduction of disparities. The continued 

search for mechanisms should not detract from work to reduce and hopefully eliminate children’s 

exposure to disadvantage.
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INTRODUCTION

Children raised in socioeconomically disadvantaged households carry with them into 

adulthood a heightened vulnerability to multiple forms of psychopathology, including 

Correspondence to Jing Yu, 6710B Rockledge Dr, Rm 3155A, Bethesda, MD 20817, USA. Tel: +1 301 496 5798; jing.yu2@nih.gov. 

Conflicts of interest
There are no conflicts of interest.

HHS Public Access
Author manuscript
Curr Opin Psychiatry. Author manuscript; available in PMC 2022 September 08.

Published in final edited form as:
Curr Opin Psychiatry. 2021 May 01; 34(3): 306–323. doi:10.1097/YCO.0000000000000701.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



depression, bipolar disorder, psychosis and anxiety disorders, and a heightened risk of 

comorbidity between psychiatric disorders [1–8]. Given that adult psychiatric disorders 

tend to be preceded by psychiatric disorders in childhood [9,10], that psychopathology 

has a strong neurodevelopmental basis and is influenced by cognitive development 

during childhood [11–13], and that early life conditions [14–17] can adversely impact 

neurodevelopment, it is important to pursue an improved understanding of the mechanisms 
underlying the long-term vulnerability not only to psychopathology following childhood 

disadvantage, but to children’s neurocognitive development as well. Our review sought out 

the most recent evidence for such mechanisms.

Mechanistic research has the potential to identify targets for interventions designed to 

reduce socioeconomic disparities. There are a range of likely mechanisms that underlie 

the consistent association between lower socioeconomic status (SES) and psychopathology 

[18■], particularly psychopathology during childhood [19,20]. In the context of material 

hardship, children are often exposed to food insecurity, lack of healthcare, and unstable 

or low-quality housing [21–23], which may reduce the availability of social and cognitive 

stimulation that scaffolds children’s cognitive development [24,25]. In the context of low 

SES, there is also a heightened risk of exposure to adverse childhood experiences ranging 

from domestic violence and family conflict to parental separation, harsh parenting, and 

parental mental illness, with enduring impacts on nearly all aspects of health [26].

Effects of childhood disadvantage are likely to be pervasive across developmental systems, 

to be environmentally mediated [27■,28], and to manifest as both subtle variations in 

normative development – including language, executive function, academic performance 

and behavioural problems – in addition to frank psychopathology. Therefore, our review 

covers the most recent studies to evaluate candidate mechanisms underlying socioeconomic 

disparities in children’s neurocognitive development and in neuropsychiatric disorders.

MATERIALS AND METHODS

We searched PubMed (NLM) and PsycNet (APA) on 18 November 2020, for English 

language studies published from 1 October 2019. We developed a broad set of 

keywords and controlled vocabulary terms that captured the domains of socioeconomic 

circumstances, infancy and childhood, and neurocognitive development and psychiatric 

disorder (Supplemental Table 1, http://links.lww.com/COOT/A7). We included studies 

that quantitatively assessed mechanisms underlying associations between childhood 

(approximately ages 12 or younger) disadvantage and neurocognitive development or mental 

health. We used a broad view of quantifying mechanisms that captured both traditional 

mediation analyses [29] as well as studies that examined synergistic, or interactive, effects 

of putative mechanism [30], the rationale being that a factor that enhances or reduces the 

effects on development of socioeconomic disadvantage is operating as a mechanism and 

could in theory be a target for reducing disparities.

After combining the PubMed and PsycNet results into a single Endnote library and 

eliminating duplicates, we screened the titles and abstracts of 1310 articles to identify 

studies that potentially met our inclusion criteria. We then reviewed the full text of 340 
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articles to determine the final set of studies (n = 69) for our review (see Supplemental Figure 

1 for the flowchart of study selection process, http://links.lww.com/COOT/A7).

RESULTS

Our presentation of the 60 empirical studies included (Table 1) is organized around the 

broad categories of mechanisms that have been examined underlying the neurocognitive and 

neuropsychiatric effects of being exposed to disadvantage early in life.

Pathways of Risk

Studies that tested hypotheses about mechanisms focused on three broad categories, as 

depicted in Fig. 1: less family and community resources (e.g. cognitive stimulation and 

cultural resources), more family and community stressors (e.g. family conflict, harsh 

parenting and neighbourhood crime), and (3) neurobiological systems in stress responsivity 

and children’s brain development [31■].

Family and community resources

Several studies found that less enrichment of the home environment and lack of positive 

parenting contributed to socioeconomic disparities in multiple domains of cognitive 

development (e.g. memory-guided attention, language, reading and math skills) [32–34, 

35■,36■,37,38■■]. Results from these studies suggest that quality of the home physical 

environment, access to books, quantity and complexity of adult language input, parental 

educational support, parenting self-efficacy and parental involvement may be candidates for 

interventions to reduce disparities.

Similarly, resources within the family environment such as cognitive stimulation and 

parental language input were evident in mediating SES effects on domain-specific cognition 

(i.e. self-regulation and executive function) [34,39,40■]. Votruba-Drzal et al. [38■■] 

examined community resources in addition to family investment, and found that less cultural 

resources and cognitive stimulation both contributed to income disparities in children’s 

executive function. Cognitive stimulation also played a mediating role in the association 

between socioeconomic disadvantage and children’s behavioural problems [39,41■■].

Family and community stressors

Stressors within the family and community environments that are associated with 

child executive function and academic performance are disproportionately represented 

in disadvantaged families. These include child-caregiver conflict, maternal psychological 

stress, less parental warmth and sensitive support, corporal punishment, neighbourhood 

disadvantage and neighbourhood violent crime [38■■,42–44].

Evidence for pathways leading to mental health problems was inconsistent across studies, 

even though mental health problems, including attention deficit hyperactivity disorder 

(ADHD) and internalizing and externalizing problems, were almost uniformly more 

common among disadvantaged children. Parental psychiatric disorder was not a mediator 

of socioeconomic disparities in ADHD [45■■], but parental depression partially explained 
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socioeconomic disparities in internalizing problems [41■■]. Harsh discipline, less parental 

warmth and neighbourhood crime each contributed to disparities in children’s behavioural 

problems [38■■,39,46■■,47■,48■■].

Several studies are notable for having examined sequences of pathways linking disadvantage 

to neurodevelopment and neuropsychiatric conditions (i.e. ‘serial mediation’). Totsika et 
al. [48■■] found that family poverty was associated with increased parental psychological 

distress at 9 months, which then was associated with more adversarial parenting between 

3 and 5 years, and in turn, more hyperactivity and conduct problems at 7 years. Zhang 

and Han [41■■] reported that parental depressive symptoms and cognitively stimulating 

materials existed along pathways underlying the association between socioeconomic 

disadvantage and internalizing problems. Relatedly, other studies integrated mediation 

and moderation mechanisms together. Ugarte et al. [46■■] examined how pathways to 

externalizing problems involved interacting sets of risk factors reflecting both economic 

disadvantage and parental mental health, leading to less emotional responsivity or more 

harsh parenting, and in turn, more externalizing problems. These studies illustrate the 

principle that multiple chains of events involving pathways of risk across domains link 

environmental exposures to later health across development stages [49–52].

Neurobiological embedding

The early environment, as early as the prenatal period [20,53–56,57■] and possibly 

preconception [58■], is crucial for neurocognitive development as well as brain 

health throughout the lifespan [7]. Therefore, processes that underlie the connection 

between environmental experiences and the developing brain should play a role in the 

neurobiological embedding of socioeconomic disparities [57■,59–65]. Immune activity is 

one such process: prenatally, maternal immune activity is influenced by stressors including 

low SES [59–61] and has been linked with offspring neurodevelopment as well as long-

term risk for neuropsychiatric disorders [62–65]; during childhood, concentrations of 

inflammatory markers show consistent elevations in the context of low SES [57■]. There 

were two studies in our review on immune activation. Yu et al. [66] found that lower 

family SES was associated with lower concentrations of the pro-inflammatory cytokine 

interleukin-8 in mothers during pregnancy, and this was partly responsible for lower child 

self-regulation at age 4. Kokosi et al. [67■■] assayed inflammation during childhood and 

found that greater financial difficulties between 0 and 3 years of life were associated with 

concentrations of interleukin-6 at 9 years, and in turn, worse working memory at age 10.

Other studies directly examined brain development [68,69■]. Cantiani et al. [68] focused 

on neuronal oscillatory activity in infants; they found that higher parental occupation 

was associated with more positive central EEG gamma power at 6 months and in turn 

better child language development at 24 months. Raffington et al. [70] is one of many 

studies documenting neuroanatomical correlates of the social environment; they found that 

household income was associated with higher hippocampal volume in children between 6 

and 9 years old. They also investigated whether this difference in hippocampal volume was a 

mediator of SES disparities in child memory; it was not. In contrast, Merz et al. [71] found 

in a cross-sectional study that cortical surface area (notably in the perisylvian region) was 
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involved in the association between parental education and lower reading skills in children at 

7 years. This was also the case for subcortical volume, which was a mediator of disparities 

in ADHD [72■], and brain connectivity for disparities in externalizing and internalizing 

problems [72■,73].

Further evidence of neurobiological (and neurodevelopmental) embedding is provided by 

studies showing that socioeconomic disparities in developmental deficits at one point in 

time (e.g. lower language skills and executive functioning) constitute pathways to disparities 

in later developmental deficits (e.g. low academic performance) [34,40■,74–77,78■,79]. 

These studies reinforce the importance of early interventions to interrupt the chain of 

developmental cascades that result from adversity, promote school readiness and reduce 

achievement gaps [80,81].

Synergistic Effects of Risks

The studies reviewed thus far investigated intermediate processes through which 

socioeconomic disadvantage exerts its negative impact on child development. SES also 

works synergistically with other environmental (and in one study, genetic [82■]) factors 

[83–85]. As Fig. 2 illustrates, the synergistic processes examined can both exacerbate the 

negative effects of socioeconomic disadvantage as well as provide resilience in the face of 

hardship.

Risk factors that exacerbate socioeconomic disadvantage

Children raised in disadvantaged households face multiple adverse conditions. For example, 

among children born 1990–1999 in Denmark, the combinations of poverty, parental 

unemployment and low parental education had superadditive effects on ADHD risk 

[45■■]. Studies identified a wide range of factors that exacerbated risks of developmental 

problems in the context of disadvantage: exposure to violence [86], negative perceptions of 

disadvantage [87], limited opportunities for educational activities [88], corporal punishment 

[89■■], harsh parenting [90], television exposure [91■] and receipt of financial assistance 

or social services [92■,93]. Broadly, the pattern that emerged in these studies was that 

in the context of disadvantage, the presence of these risk factors was associated with a 

higher risk of mental health problems and developmental deficits, whereas this association 

was either not found or was considerably weaker in more advantaged households. We 

also uncovered evidence that some factors disproportionately benefit higher SES children, 

effectively amplifying disparities [94, 95■■,96■■,97].

Protective factors that mitigate socioeconomic disadvantage

In contrast, there is evidence for protective factors that particularly benefit lower SES 

children; these can be thought of factors that if intervened on could reduce disparities. 

For example, Kirby et al. [98■■] found that the protective effect of maternal warmth 

on children’s internalizing and externalizing problems was more pronounced in families 

reporting financial strain. Maternal social support was associated with greater neonatal 

brain volume [99], and self-esteem was associated with greater cortical thickness [100], in 

lower SES children. Those studies are observational, but experimental studies also suggest 

that interventions could be designed to benefit socioeconomically disadvantaged children. 
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A randomized trial of a spatial training intervention led to the largest improvements in 

cognitive test scores among low SES children [101■]. The renowned Perry Preschool 

Program had the largest and longest-lasting benefits on cognitive test scores among the 

most disadvantaged children [102■].

Intersectionality

Several studies in our review investigated racial/ethnic, sex/gender and age/developmental 

stage differences in the associations between early childhood disadvantage and children’s 

subsequent risk of neurodevelopmental deficits and neuropsychiatric disorders [75,100,103–

105,106■,107]. These studies highlight the importance of intersectionality theory in 

understanding disparities given that multiple social identities implicate the mechanisms 

described above, and often these mechanisms are reinforced in the context of multiple, 

marginalized identities and likely need to be addressed by interventions that aim to serve 

individuals exposed to disadvantage along multiple axes [108].

DISCUSSION

Our review sought to identify evidence for factors that could explain the increased risk of 

neurodevelopmental and neuropsychiatric problems associated with childhood disadvantage. 

This evidence is important both for advancing the science of disparities as well as for 

identifying intervention targets for reducing disparities and optimizing the timing of such 

interventions [109]. The majority of the studies included in our review addressed deficits 

in children’s neurocognitive development rather than diagnosed psychiatric disorders, but 

given evidence for neurodevelopmental precursors to many forms of psychopathology, these 

studies have broad ramifications for psychiatric risk.

Our interpretation of the evidence that emerged from our review is that children raised in 

disadvantaged households face a constellation of risks, which can lead to nearly all types 

of developmental problems and ultimately most forms of mental disorders. There was no 

single pathway that emerged as prominent, nor any single pathway that could be rejected. 

Rather, the studies included in our review are collectively more indicative of effects that are 

pervasive and general than impacting specific pathways and endpoints. One implication is 

that in addition to raising the material living conditions of children, interventions that target 

intervening mechanisms would be expected to have wide-ranging benefits. Many of the 

factors identified are modifiable. Interventions targeting family investment (e.g. cognitively 

stimulating materials, parental language input) and reduction of toxic stressors (e.g. family 

conflict, parental depression, negative parenting) are examples. That said, most of the studies 

in our review examined single rather than multiple pathways simultaneously; therefore, we 

do not yet have sufficient evidence to determine the relative importance of distinct pathways. 

Those studies in our review that examined unique contributions of multiple pathways 

and how each pathway may operate differently under different circumstances present an 

important step in this direction [38■■,41■■,43].

There are several methodologic factors to note regarding the studies in our review. First, the 

measurement of disadvantage varied considerably across studies, and most studies used a 

single measure or a single composite measure of disadvantage. This approach simplifies the 
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complexity of children’s environments and may obscure heterogenous etiologic processes. 

Sophisticated approaches to synthesize information on numerous aspects of a child’s 

socioeconomic environment are needed to advance our understanding of how experiences 

shape development [96■■]. Second, the composition of the samples included in each 

study differs. As a result, ‘more’ or ‘less’ disadvantaged has different meanings across 

studies; some of the studies included diverse, general population samples whereas others 

included samples within narrow socioeconomic ranges. Third, longstanding tradition in 

developmental psychopathology calls for greater clarity in determining not only the presence 

or absence of risk factors (i.e. those that increase risk), but also the presence or absence 

of protective factors (i.e. those that decrease risk), especially in the context of disadvantage 

[110]. However, in many studies of factors that can exacerbate or reduce disparities, risk 

and protective factors might have been analysed interchangeably (e.g. considering lack of a 

protective factor to be a risk factor). Finally, although we selectively highlighted evidence of 

factors that interacted with socioeconomic disadvantage in ways that either exacerbated or 

reduced disparities, many other interactions tested in those studies were either nonsignificant 

[111] or went in opposing directions, reinforcing the illusive nature of interactions that most 

studies are underpowered to detect.

CONCLUSION

Research on the mechanisms underlying the neurodevelopmental and neuropsychiatric 

consequences of childhood disadvantage has the potential to transform policy and 

intervention efforts to reduce disparities over time and across generations. Much more 

work is needed, however, to establish the causality of hypothesized mechanisms and 

their applicability to diverse populations. Research on interventions to reduce childhood 

disadvantage should be pursued just as forcefully as research on interventions targeting 

pathways.
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KEY POINTS

• Increasingly more research seeks to understand mediating and moderating 

mechanisms linking socioeconomic disadvantage to neurocognitive and 

neuropsychiatric problems.

• Most of recent research has focused on language development, executive 

function, academic performance and behavioural problems, whereas less 

mechanistic research has examined neuropsychiatric disorders.

• Both family investment (particularly cognitive stimulation and parental 

language input) and stress (e.g. parental depression and negative parenting) 

processes contributed to socioeconomic disparities in neurocognitive and 

behavioural problems.

• More research is warranted on cultural and community factors, 

neurobiological embedding of childhood disadvantage and protective factors 

that help reduce socioeconomic disparities as well as the complex interplay of 

multilevel factors.
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FIGURE 1. 
Conceptual model depicting three primary mediating pathways examined in recent studies 

on mechanisms underlying excess risks of neurocognitive and neurodevelopmental problems 

among children raised in socioeconomically disadvantaged households. The major pathways 

included family and community resources (focusing on cognitive stimulation and parental 

language input) and stressors (mostly on negative parenting), and process contributing to the 

neurobiological embedding of socioeconomic disadvantage (focusing on inflammation and 

brain development).
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FIGURE 2. 
Conceptual model depicting hypothesized moderating mechanisms that were examined 

in recent studies. These studies focused on risk factors that amplified the effects of 

socioeconomic disadvantage on child development and protective factors that differentially 

benefited children’s development across SES levels.
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at

in
os
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 P
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en
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l e
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tio
n 
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d 

no
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t w
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ity
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 p
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m
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m

e.

A
ss
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i e
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l. 

[1
04

]
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m
en

t 
St

ud
y 

in
 th
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E
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 d
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m
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c 

B
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c 

W
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)

A
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(s
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) 
an

d 
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n 
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m
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B
C

L
)

L
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s 
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ia
l d
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fi

cu
lty
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te
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e 
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r 

N
H

W
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ild
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 b
ut
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e 
w
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ci

at
io

n 
be
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n 
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S 
an

d 
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nt
io
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N

H
B

 c
hi

ld
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ss
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]
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U
S 
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en
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ra
in

 C
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e 
D
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m

en
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Su
bj

ec
tiv

e 
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m
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 S
E

S 
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in
an

ci
al

 d
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cu

lty
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th

e 
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st
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2 
m

on
th

s)

R
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e 
(B

la
ck

, W
hi

te
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et

hn
ic

ity
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L
at

in
o 

or
 n

ot
)

H
ip

po
ca

m
pu

s 
vo

lu
m

e
L

es
s 
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na

nc
ia

l d
if

fi
cu

lty
 w

as
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ss
oc

ia
te

d 
w

ith
 g

re
at

er
 

hi
pp

oc
am

pu
s 

vo
lu

m
e,

 b
ut

 th
es

e 
ef

fe
ct

s 
w

er
e 

gr
ea

te
r 

fo
r 

W
hi

te
 c

hi
ld

re
n 

(c
om

pa
re

d 
to

 B
la

ck
 c

hi
ld

re
n)
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B
ak

er
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t a
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9]
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pe
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iv
e 

st
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y 
of
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40
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ic
an

 
A

m
er

ic
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 c
hi

ld
re

n 
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e 
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ea

d 
St

ar
t F
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hi

ld
 E

xp
er
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Su
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s 
th

e 
U

S

So
ci

oe
co

no
m

ic
 

di
sa
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an

ta
ge
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po

ve
rt

y,
 

lo
w

 m
at

er
na

l e
du

ca
tio

n,
 

an
d 

si
ng

le
 p

ar
en

t s
ta

tu
s)

 
at
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bo

ut
 3
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ea

rs

Pa
re

nt
in

g 
pr

ac
tic

es
 

(w
ar

m
th

, c
on

tr
ol

/r
ul

e 
en

fo
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em
en

t, 
ha

rs
h 

di
sc

ip
lin

e,
 c

og
ni

tiv
e 

st
im

ul
at

io
n)

 a
t a

bo
ut

 3
 

ye
ar

s

E
xe

cu
tiv

e 
fu

nc
tio

n 
(a

tte
nt

io
n 

an
d 

im
pu

ls
e 

co
nt

ro
l)

 a
nd

 b
eh

av
io

r 
pr

ob
le

m
s 

at
 a

bo
ut

 4
 

ye
ar

s

So
ci

oe
co

no
m

ic
 d

is
ad

va
nt

ag
e 

w
as

 a
ss

oc
ia

te
d 

w
ith

 
le

ss
 c

og
ni

tiv
e 

st
im

ul
at

io
n,

 le
ss

 p
ar

en
ta

l c
on

tr
ol

, 
an

d 
m

or
e 

ha
rs

h 
di

sc
ip

lin
e,

 a
ll 

of
 w

hi
ch

 in
 

tu
rn

 p
re

di
ct

ed
 m

or
e 

ch
ild

 b
eh

av
io

r 
pr

ob
le

m
s.

 
C

og
ni

tiv
e 

st
im

ul
at

io
n 

al
so

 m
ed

ia
te

d 
th

e 
ef

fe
ct

 o
f 
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ci

oe
co

no
m

ic
 d
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ad

va
nt
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e 

on
 c

hi
ld

 e
xe

cu
tiv

e 
fu

nc
tio

n.

B
ia

zo
li 

et
 a

l. 
[7

3]
C

ro
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tio
na
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tu
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f 
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ch

ild
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-1
4 
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ar

s)
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e 
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h 
R

is
k 

C
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or
t S

tu
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 f
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 P
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ch
ia

tr
ic

 
D

is
or

de
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hi
ld

ho
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 B

ra
zi

l

SE
S 

(i
nc

om
e,
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es
s 
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go
od

s 
an

d 
se

rv
ic

es
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re

nt
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tio
n)

Sp
on

ta
ne

ou
s 
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n 
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tiv
ity

 
m

ea
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re
d 

by
 f

ra
ct

io
na

l 
A

m
pl

itu
de
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f 

L
ow

 
Fr

eq
ue

nc
y 
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tu
at

io
ns
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A
L

FF
)

IQ
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nt
er

na
liz

in
g 

an
d 

ex
te

rn
al

iz
in

g 
be

ha
vi

or
al

 a
nd

 
em

ot
io

na
l p
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bl

em
s

fA
L

FF
 in

 th
e 

ri
gh

t s
up

er
io

r 
te

m
po

ra
l g

yr
us

 
m

ar
gi

na
lly

 m
ed

ia
te

d 
th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
SE

S 
an

d 
in

te
rn

al
iz

in
g 

pr
ob

le
m

s 
bu

t w
as

 n
ot
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ss

oc
ia

te
d 

w
ith

 I
Q

 o
r 

ex
te

rn
al

iz
in

g 
pr

ob
le

m
s.

B
ow

er
 e

t a
l. 

[1
01

■
]

In
te

rv
en

tio
n 
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ud

y 
of

 1
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pr

es
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le

rs
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3-
ye

ar
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ld
s)
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o 
no
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he
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te

rn
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.S
. s

ta
te

s

Pr
im

ar
y 

ca
re

gi
ve

r’
s 

ed
uc

at
io

na
l l

ev
el

Sp
at

ia
l t

ra
in

in
g

Sp
at

ia
l a

bi
lit

y,
 

m
at

he
m

at
ic

s 
ab

ili
ty

A
 s

pa
tia

l t
ra

in
in

g 
in

te
rv

en
tio

n 
w

as
 p

ar
tic

ul
ar

ly
 

be
ne

fi
ci

al
 f

or
 im

pr
ov

in
g 

sp
at

ia
l a

nd
 m

at
h 
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ili

tie
s 
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on

g 
lo

w
 S

E
S 

ch
ild

re
n.

C
an

tia
ni

 e
t a

l. 
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8]
Pr

os
pe

ct
iv

e 
st

ud
y 

of
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4 
in

fa
nt

s 
in

 
It

al
y

SE
S 

(H
ol

lin
gs

he
ad

 
pa

re
nt

al
 o

cc
up

at
io

n)
 a

t 6
 

m
on

th
s

B
ra

in
 n

et
w

or
k 

(L
ef

t 
ce

nt
ra

l E
E

G
 g

am
m

a 
po

w
er

) 
at

 6
 m

on
th

s

E
xp

re
ss

iv
e 

vo
ca

bu
la

ry
 

an
d 

m
ea

n 
le

ng
th

 o
f 

ut
te

ra
nc

e 
at
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4 

m
on

th
s

H
ig

he
r 

SE
S 

w
as

 a
ss

oc
ia

te
d 

w
ith

 in
cr

ea
se

d 
po

si
tiv

e 
ce

nt
ra

l g
am

m
a 

po
w

er
 w

hi
ch

 in
 tu

rn
 p

re
di

ct
ed

 
im

pr
ov

ed
 v

oc
ab

ul
ar

y 
sc

or
es

 in
 c

hi
ld

re
n.

C
om

pa
ny

-C
or

do
ba

 
et

 a
l. 

[8
6]

C
ro

ss
-s

ec
tio

na
l o

f 
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5 
ch

ild
re

n 
an

d 
ad

ol
es

ce
nt

s 
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-1
7 

ye
ar

s 
w

ith
 a

 
m

ea
n 

of
 1

1.
82
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ea

rs
) 

fr
om

 3
 lo

w
-

SE
S 

sc
ho

ol
s 

in
 G

ua
te

m
al

a

SE
S 

(p
ar

en
ta

l y
ea

rs
 

of
 e

du
ca

tio
n,

 f
am

ily
 

in
co

m
e-

pe
r-

ca
pi

ta
)

E
xp

os
ur

e 
to

 v
io

le
nc

e
D

ep
re

ss
io

n 
an

d 
an

xi
et

y 
sy

m
pt

om
s

L
ow

 p
ar

en
ta

l e
du

ca
tio

n 
co

m
bi

ne
d 

w
ith

 h
ig

h 
ex

po
su

re
 to

 v
io

le
nc

e 
w

as
 a

ss
oc

ia
te

d 
w

ith
 e

le
va

te
d 

de
pr

es
si

ve
 s

ym
pt

om
s 

in
 c

hi
ld

re
n.

 S
E

S 
di

d 
no

t 
m

od
er

at
e 

ef
fe

ct
 o

f 
ex

po
su

re
 to

 v
io

le
nc

e 
on

 a
nx

ie
ty

.
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R
ef

er
en

ce
St

ud
y 

D
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ig
n 

an
d 

Sa
m

pl
e

E
xp

os
ur

e
H

yp
ot
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si
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d 

M
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O
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m
e

M
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ng
s

D
an
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t a
l. 
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 c
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m
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e 
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oj

ec
t, 

N
or
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C
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a 
an
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an
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S
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re
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m
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 r
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m
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th
s

M
at

er
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e 
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t 
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n 

15
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6 
m

on
th
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C
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ld
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ep

tiv
e 
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6 
m

on
th

s

E
xe

cu
tiv

e 
fu

nc
tio

n 
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 m
on

th
s

H
ig

he
r 

so
ci

oe
co

no
m

ic
 r

is
k 

pr
ed

ic
te

d 
le
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 q

ua
nt
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 q

ua
lit

y 
of

 m
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er
na

l l
an

gu
ag

e 
in
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t a

t 2
4 

an
d 

36
 

m
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th
s,

 w
hi

ch
 s

ub
se

qu
en

tly
 le

d 
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w

er
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xe
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tiv
e 
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nc

tio
ns

. C
hi

ld
re

n’
s 
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pt
iv

e 
vo

ca
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 p
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tia
lly

 
m
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te
d 
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n 
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n 
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S 
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-
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d 
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e 
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9 

m
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 P
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C
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te
 S

E
S 

(p
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en
ta

l e
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ca
tio

n 
an

d 
ho
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d 
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co

m
e)

B
ili
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l e
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os
ur

e 
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en
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h 
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 e
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os
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e,
 d
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)

C
og
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tiv

e 
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lo
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en

t 
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oc
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ul
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ng
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eo
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m
in
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G
re

at
er

 b
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ng
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l e
xp

os
ur

e 
w
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 a

ss
oc

ia
te

d 
w

ith
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gh

er
 th

eo
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f 

m
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d 
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r 
ch
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n 
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he

r 
SE

S 
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m
ili
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l e
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e 

w
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ss

oc
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d 

w
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r 
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dl
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 f
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E
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 c
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n 
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e 
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M
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R
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ei
pt

 o
f 
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ic
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st
an

ce
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ea
rs
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m
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 s

tr
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an
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al
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ra
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en

er
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s,
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ch
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iv
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 c
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5 

an
d 
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s
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io
n 
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xe
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tio
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de
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y 
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at
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M
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na
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 d
ro
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f 
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e 
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m
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n 

in
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er
m

an
y
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m
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at
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B
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k 
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er
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nt
er
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tio

n 
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ge
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 L
an

gu
ag

e 
sk

ill
s 
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ge
 4

L
an

gu
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e 
sk

ill
s 
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s 

4;
 T

he
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y 
of

 m
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d 
at
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e 
5 

ye
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s

L
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er
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E

S 
w
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ia
te

d 
w

ith
 le
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k 
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w
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xp
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e 
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d 
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e 
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S 
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n 

w
ith

 c
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 m
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at
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m
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m
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E
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l. 
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 c
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5 

9-
16

-y
ea
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K
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e:
 1
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an
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K
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U
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S 

(p
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tio
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pa
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E
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iti
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m
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 c
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tiv
e 
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ili
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g)

; 
G
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 c
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N
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y 
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s

E
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tio
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m
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S 
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d 
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m
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y 
am
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g 

U
K

 m
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 a

m
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m
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m

 e
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r 
H

K
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E
S 

w
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at
ed
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xe

cu
tiv

e 
fu

nc
tio

n 
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d 
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m
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A
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pp
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m
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N
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on
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ur
ve

y 
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9

In
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m
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ra
m
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t 
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m
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(m

at
er

na
l e
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tio
n 

an
d 

in
co

m
e-
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-n

ee
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ra

tio
) 

av
er

ag
ed
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ve

r 
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rs
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iv
e 

ye
ar

s 
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e;
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ar
en

tin
g 
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vi
or

s 
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ve
ra

ge
d 

be
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ee
n 
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2 

ye
ar

s 
ol

d)

In
te

rn
al

iz
in

g 
an

d 
ex

te
rn

al
iz
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g 
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ob

le
m

s 
at
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ea

rs
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g.

 a
ge

: 
60
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7 

m
on

th
s)

N
eg

at
iv

e 
re

ac
tiv

ity
 p
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di

ct
ed

 m
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e 
ex

te
rn

al
iz

in
g 

pr
ob

le
m

s 
am

on
g 

ch
ild

re
n 
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ot
he

rs
 w

ith
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w
 

ed
uc

at
io

n.
 N

eg
at

iv
e 

re
ac

tiv
ity

 p
re

di
ct

ed
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re
at

er
 

in
te

rn
al

iz
in

g 
pr

ob
le

m
s 

re
ga

rd
le

ss
 o

f 
SE

S 
le

ve
ls

. 
Sp

an
ki

ng
 p

re
di

ct
ed
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ig

he
r 

ex
te

rn
al

iz
in

g 
be

ha
vi

or
s 

fo
r 

ch
ild

re
n 

of
 m

ot
he

rs
 w

ith
 h

ig
h 

ed
uc

at
io

n.

R
af

fi
ng

to
n 

et
 a

l. 
[7

0]
Pr

os
pe

ct
iv

e 
st

ud
y 

of
 1
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 c
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ld

re
n 
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er
lin

, G
er

m
an

y
H

ou
se

ho
ld

 in
co

m
e

H
ip

po
ca

m
pa

l v
ol

um
e 

at
 

6-
7 

an
d 

8-
9 

ye
ar

s
M

em
or

y 
ab

ili
ty

 a
t 6

-7
 

ye
ar

s 
an

d 
8-

9 
ye

ar
s

L
ow

er
 in

co
m

e 
w

as
 a

ss
oc

ia
te

d 
w

ith
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w
er

 c
hi

ld
 

m
em

or
y 

an
d 

hi
pp

oc
am

pa
l v

ol
um

e,
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ut
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ip
po

ca
m

pa
l 

vo
lu

m
e 

di
d 

no
t m

ed
ia

te
 S

E
S 

di
sp

ar
iti

es
 in

 c
hi

ld
 

m
em

or
y.

R
am

ph
al

 e
t a

l. 
[6

9■
]
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e 
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y 
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 c
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n 
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ee
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n 
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t. 

L
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ci
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m
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ta
ge
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ir
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ub
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su
s 
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iv

at
e 

he
al

th
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nc
e)

B
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in
 c

on
ne

ct
iv

ity
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t b
ir

th
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te
rn

al
iz

in
g 

an
d 

ex
te

rn
al

iz
in

g 
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m
pt

om
s 

at
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ea
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L
ow

er
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E
S 
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ild
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n 
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d 

m
or

e 
ex

te
rn

al
iz

in
g 
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m

pt
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s 
an

d 
lo

w
er

 b
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nh
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iti
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n 

pa
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ca
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e 
of

 S
E

S 
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ff
er

en
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s 
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na
ta

l b
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ec
tiv

ity
.

R
os

en
 e

t a
l. 
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14

]
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ct
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e 
st

ud
y 
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 c
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m
un
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m
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e 
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 c

hi
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re
n 
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U
SA

In
co

m
e-
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-n

ee
ds
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at
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t 
5 

ye
ar

s
Q

ua
lit

y 
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e 

ho
m

e 
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al
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en
t; 

A
tte

nt
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n
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nt
io

n 
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A

ca
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m
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ch

ie
ve
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t 
at
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 y
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rs

L
ow

er
 in

co
m

e-
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-n
ee

ds
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at
io

 w
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ss

oc
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te
d 

w
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lo

w
er
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lit
y 
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 th

e 
ho

m
e 

ph
ys

ic
al

 e
nv

ir
on

m
en

t 
(e

.g
., 
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ea

nn
es

s,
 s

af
et

y)
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nd
 in

 tu
rn

, w
or

se
 

m
em

or
y-

gu
id

ed
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tte
nt

io
n.

 M
em

or
y-

gu
id

ed
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tte
nt

io
n 

co
nt

ri
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te
d 

to
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m

e 
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ar

iti
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 c

hi
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re
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er
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rm
an
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R
os

en
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t a
l. 
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 c
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m

un
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e 
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 c
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m
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s 
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ttl
e,
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re

nt
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ca
tio

n 
an

d 
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co
m

e-
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-n
ee

ds
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at
io

 a
t 

5 
ye

ar
s

C
og

ni
tiv

e 
st

im
ul

at
io

n;
 

L
an

gu
ag

e 
ex

po
su

re
 

(m
ea

n 
le

ng
th

 o
f 

ut
te

ra
nc

e 
an

d 
nu

m
be

r 
of

 d
if

fe
re

nt
 w

or
ds
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E
xe

cu
tiv

e 
fu

nc
tio

ns
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t 5
 

ye
ar

s

E
xe

cu
tiv

e 
fu

nc
tio

ns
 

(w
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ki
ng

 m
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or
y,
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hi
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tio
n,
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co

gn
iti

ve
 f

le
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lit

y)
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ea
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ca
de

m
ic
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hi
ev

em
en

t a
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ea
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H
ig

he
r 

in
co

m
e 

an
d 

pa
re

nt
al

 e
du

ca
tio

n 
w

er
e 

co
nc

ur
re

nt
ly

 a
ss

oc
ia

te
d 

w
ith

 m
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e 
co

gn
iti

ve
 

st
im

ul
at

io
n 

an
d 

in
 tu

rn
 h

ig
he

r 
ex

ec
ut

iv
e 

fu
nc

tio
ns

. 
Pa

re
nt

al
 e

du
ca

tio
n 

w
as

 a
dd

iti
on

al
ly

 a
ss

oc
ia

te
d 

w
ith

 
in

hi
bi

tio
n 

th
ro

ug
h 

la
rg

er
 m

ea
n 

le
ng

th
 o

f 
ut

te
ra

nc
e.

 
L

ow
er

 f
am

ily
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co
m

e-
to

-n
ee

ds
 r

at
io

 w
as

 a
ss

oc
ia

te
d 

w
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 w
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ki

ng
 m
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y 
w

hi
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 tu
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 p

re
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ct
ed

 
lo

w
er

 a
ca

de
m

ic
 a

ch
ie

ve
m

en
t.
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d 
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d 
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m
e
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s
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l. 

[7
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 c
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tin
, U
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y

M
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l e
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n 
w
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ss
oc
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d 
w

ith
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et
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r 
w
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d 
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ar
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ng

 s
ki

lls
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rn
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e 
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ow
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 c

hi
ld

 
re

ce
pt

iv
e 

an
d 

ex
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es
si

ve
 v

oc
ab

ul
ar

y.

Sp
an

n 
et

 a
l. 

[9
9]
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os

pe
ct

iv
e 

st
ud

y 
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7 

A
m
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an
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fa

nt
s 

in
 a

 s
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dy
 o

f 
pe

ri
na

ta
l 

ex
po

su
re

s 
on
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nt
 b

ra
in

 
de

ve
lo
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en

t
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re

nt
al

 s
oc

io
ec

on
om
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st
at

us
 (

pa
re

nt
al

 
ed

uc
at

io
n 

an
d 

oc
cu

pa
tio

n)

So
ci

al
 s

up
po

rt
 (

pa
rt

ne
r 

st
at

us
) 
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se

ss
ed

 d
ur

in
g 

pr
en

at
al

 p
er

io
d

N
eo

na
ta

l b
ra

in
 

st
ru

ct
ur

e
T

he
re

 a
pp

ea
re

d 
to

 b
e 

a 
sy

ne
rg

is
tic

 e
ff

ec
t b

et
w

ee
n 

so
ci

al
 s
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rt
 a

nd
 lo

w
 p

ar
en

ta
l S

E
S 
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 n

eo
na

ta
l 

br
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n 
st

ru
ct

ur
e 

in
 s

om
e 

re
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s.

Su
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va
n 

et
 a

l. 
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]

C
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tio
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l s

tu
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f 
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0 
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ild
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n 
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ea

n 
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e 
of
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 y
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 a
 c
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or
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f 
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m

ili
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 w
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st

or
y 
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en
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l d
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n

C
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iv
e 
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S 

ri
sk
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m
e,
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ub
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st
an
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tio
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ng
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 p
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d 

te
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re
nt

)

G
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r
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te

rn
al

iz
in

g 
an

d 
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te
rn

al
iz

in
g 

pr
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le
m

s
G

ir
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 f
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m
 h
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se

ho
ld
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w

ith
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ig
h 

cu
m
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iv
e 

SE
S 

ri
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 m
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e 
se
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te
d 

in
te
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al

iz
in

g 
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ob
le

m
s 
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d 
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d 

ex
te
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g 
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m
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 b
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io
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e 
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 b
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an
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l. 
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]
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of

 9
6 

ch
ild

re
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fa
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t f
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m

 a
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S 
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s

M
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n
H
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e 
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t a
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5 

m
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s

L
an
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e 
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m
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s
M

at
er
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l e
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tio
n 

w
as
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te
d 

w
ith
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t 

w
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 c
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l t
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n 
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r 
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 s
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 in
 c
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ld

re
n 

w
ith
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.
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t a
l. 
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]
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m
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e 
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rt

 
st
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y 

N
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w
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n 

M
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he
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d 

C
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ld
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t S
tu
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nt
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tio

n
G
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Sy

m
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s 
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D
H

D
, 
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nd
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ad
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 p
ro
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em

s 
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e 
8 

ye
ar

s

A
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oc
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tio
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 b
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w
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n 
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re
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nd

 c
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ld
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D
H

D
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nd
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 p
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w
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f 
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l. 
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iv

e 
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 c
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w
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l d
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ili
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M
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ni
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Po
ve
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y 
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 m
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th
s
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nt
al

 p
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ol
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 m
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th
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A
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en
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g 
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t d
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in
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h 
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ar
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C
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ld
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ra
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ob
le
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s
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w
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cr
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l d
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nd
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d 
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l 
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, i
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re

n’
s 
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ity
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 c
on
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 p
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bl
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s.
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os
iti

ve
 p

ar
en

t-
ch

ild
 r

el
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io
ns

hi
p 

w
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 u

ni
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e 
m

ed
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to
r 
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 e

ar
ly

 
ad

ve
rs

ity
 in

 th
e 

m
ut

ua
lly
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d 
m

od
el

.

U
ga

rt
e 

et
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l. 
[4
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■

]
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os
pe
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e 
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y 
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,8
60

 c
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C
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dy
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 C
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C
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er
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 m
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he
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ic
is

m
, p
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pr
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m
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E
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liz
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m
s 
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 y
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L
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E

S 
w

as
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d 
w
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 p
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en
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w
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rn

, m
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ex

te
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m
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l r
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 m
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m
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ct
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 p
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lly
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in
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 th
e 
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m
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ne
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f 
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d 

po
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y,

 o
n 
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re
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in
g 
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le
m

s.

V
er

no
n 

et
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l. 
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 c
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ra
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e 

qu
an

tit
y 

an
d 

co
m

pl
ex

ity
 

(6
-3

6 
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