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Abstract

1.1. Background—A large literature documents the detrimental effects of socioeconomic
disparities on intelligence and neuropsychological development. Researchers typically measure
environmental factors such as socioeconomic status (SES), using income, parent's occupation and
education. However, SES is more complex, and this complexity may influence
neuropsychological outcomes.

1.2. Methods—This studyused principal components analysis to reduce 14 SES and 28 family
stress indicators into their core dimensions (e.g. community and educational capital, financial
resources, marital conflict). Core dimensions were used in path analyses to examine their
relationships with parent 1Q and cerebral volume (white matter, grey matter and total brain
volume), to predict child 1Q in a sample of typically developing children.

1.3. Results—Parent 1Q affected child IQ directly and indirectly through community and
educational capital, demonstrating how environmental factors interact with familial factors in
neuro-development. There were no intervening effects of cerebral white matter, grey matter, or
total brain volume.

1.4. Conclusions—Findings may suggest that improving community resources can foster the
intellectual development of children.
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3. Introduction

Thirty years of research have established that family income and other measures of
socioeconomic status (SES) are highly associated with cognitive, intellectual and
achievement outcomes in childhood [1-6]. The correlational studies between SES and child
outcomes in typically developing children suggest that higher SES is associated with higher
1Q [7,8], higher vocabulary development [9], better school achievement [10,11], and a
variety of domains indicated better child health and development than children of lower
SES{[4].
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The strong relationship between SES and measures of intellectual ability illustrate the
relevance of SES to neuroscience. At birth, the brain is dependent upon experiences and
environmental stimulation for healthy development [12,13]. In turn, there is now a large
literature which documents this interdependency between familial factors (e.g. genes) and
the environment [14-18]. Over the course of development, familial factors and the
environment continue to influence and interact with each other.

It follows then, that unfavorable environmental experiences are harmful for both structural
and functional brain development [16,19]. Based on decades of neuroscience research, it is
clear that stress and environmental complexity are the two primary experiential influences
on brain development [20,21]. Because SES is incontrovertibly correlated with differences
in life stress and family resources, it is understandable that SES would influence experience-
dependent patterns of neural activity and development [3,4,22-24]. Thus, the differences in
families across the continuum of SES may create different experiences of stress and
environmental complexity, potentially creating systematic changes to cognitive and brain
development [19,20,25], and intellectual outcomes [17,26]. Lower language and executive
function—the two main components of a two-factor 1Q score, can be seen in lower SES
children, as early as kindergarten [27].

In addition, there is an area of research in developmental psychology on the Family Stress
model, designed to understand the processes by which SES and economic disadvantage
affect children's well-being [3,4,28-31]. The thesis of the Family Stress model is that
material hardship operates through parenting behavior, to affect children by weakening
parents' mental health and marital relationship, creating systematic changes in the reciprocal
dynamic between parent and child [3-5,28,29,32,33]. Understandably, families with low
SES experience higher levels of family stress and material hardship, and are more likely to
experience negative life events [6,32,34,35], have lower cognitive and intellectual function,
and higher rates of mental disorders [36]. Hence, one cannot examine the effects of SES on
child development, without considering the important role of family stress.

Research from several disciplines provides a motivation to examine how family stress
covaries with different aspects of SES, to affect neuropsychological development and
cognition in childhood. While prior research has examined the effects of SES on various
child outcomes, few studies have incorporated complex measures of both SES and family
stress, and no studies to date have incorporated both of these constructs with the study of
brain volume. Because both family factors and environmental factors are key determinants
of brain development and function, we examine both in the present study.

One inherent problem in researching the effects of SES is the operationalization and
measurement of this diverse construct, encompassing anything from family structure to
health status. Typically, researchers attempt to capture SES using income, parent's
occupational status and years of education (i.e. Hollingshead Index). While empirical testing
shows that these three components measure specific aspects of SES [37,38], the experience
of material hardship or socioeconomic privilege is much more complex than these factors
alone.

Many scholars have proposed utilizing a more comprehensive measure of poverty and SES
to fully capture the experience of families. Because SES is a multi-dimensional construct, it
is recommended that researchers use multiple components of SES in their operationalization
[39]. Specifically, Blank proposed a construct consisting of six indicators: health status,
health insurance access, food security, housing conditions, education and labor market
access [40]. The present study used the Blank framework to operationalize SES by selecting
items from participant surveys that best captured these six indicators. The SES variables
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used in the analyses were created using Principal Components Analysis—a mathematical
technique that reduces an original set of variables into a smaller number of key, or
‘principal’, components [41].

Hackman et sl. [42] summarized the research across a number of disciplines to identify
potential environmental mechanisms through which SES may affect cognitive development.
They suggest that prenatal factors, parent-offspring interactions and cognitive stimulation
partly underlie the effects of SES, corroborating the hypotheses of the Family Stress model,
whereby economic disadvantage affects children's well-being through its effects on the
parent [3,4,29,32,33,43-45]. This model nicely synthesizes how two mechanisms from
different disciplinary perspectives—parent-offspring interactions and stress—can converge
to shape cognitive and brain development, and provides a strong foundation for the
interdisciplinary approach of the present study.

Brain volume has been shown to be positively correlated with 1Q [46,47]. However, total
brain volume does not mediate the relationship between parental education and 1Q [46],
indicating that SES variables may be contributory. Brain development during childhood and
adolescence is characterized by progressive myelination of neural networks. Findings from
cross-sectional studies suggest that cerebral white matter volume and the area of the corpus
callosum, the main interhemispheric commissure, increase significantly from childhood
through late adolescence [48]. Longitudinal MRI studies of healthy children and adolescents
have confirmed these age-related linear increases in cerebral white matter and corpus
callosum area [49,50]. These observations may reflect experience dependent in vivo
evidence of age-related progressive events, such as axonal growth and myelination of neural
networks. Thus these neurobiological events are considered strongly influenced by
experience and SES, and both contribute to neuropsychological development.

In spite of the complimentary and interdisciplinary evidence, the neuropsychological and
intellectual effects of SES differences are relatively unexplored. This is due in part to the
complexity in measuring an SES construct, and because most neurological studies are
conducted with individuals from restricted income ranges; primarily middle class [21]. The
primary purpose of this investigation is to examine the relative contributions of both
environmental factors—SES and family stress—and familial factors—biological parent's 1Q
—in affecting child 1Q through their effects on structural brain development. We combine
neuropsychological measurement with multiple item measures of social constructs, and a
large, diverse sample to examine the neurological and cognitive effects of SES and family
stress. We also modify and extend the Family Stress model by giving empirical bases to
components of the constructs of family stress and SES.

2.1. Research questions

We explored three primary research hypothesizes: (1) Does brain volume mediate the effect
of SES on child 1Q? (2) Do any components of SES mediate the effect of a biological
parent's 1Q on child 1Q? (3) Do any components of family stress mediate the effect of SES
on child 1Q? For all three questions, it is hypothesized that measures of cerebral volume
(white, grey, and total brain volumes) will mediate the relationship between SES, family
stress and children's intellectual ability.

3. Methods

3.1. Data collection

The study was conducted at the Duke Healthy Childhood Brain Development and
Developmental Traumatology Research Program All participants were recruited from the
surrounding communities via IRB approved advertisements. The clinical assessment portion
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included interviews of all subjects and their legal guardian, using the Kiddie Schedule for
Affective Disorders and Schizophrenia for School Aged Children Present and Lifetime
Version (KSADS-PL) [51]. This semi-structured interview was administered to 151
caregivers and youth. Interviewers were individually trained to obtain over 90% agreement
for the presence of any lifetime major Axis | disorder, with a board certified child and
adolescent psychiatrist and experienced child trauma interviewer. Discrepancies were
resolved by reviewing archival information (e.g. school records, birth and pediatric medical
records), or by re-interviewing the child or caregiver. If diagnostic disagreements were not
resolved with this method, consensus diagnoses were reached between a child psychiatrist
[M.D.D.B.] and child psychologist [S.R.H.]. Adolescents also received saliva and urine
toxicology screens to confirm the absence of alcohol, tobacco or other drug use on the day
of interview and neuropsychological data collection and MRI scan. Participants with an Axis
| diagnosis, or a positive alcohol or drug toxicology screen, were excluded from this study.

The sample was invited for another research day to undergo an anatomical MRI brain scan.
Of the total 151 children in the sample who were interviewed, 49 children did not have brain
data due to poor resolution, movement artifact, equipment problems, or chose to not
participate in this aspect of the study. Therefore, the outcome analyses only included
children with brain imaging data (n=102). Tests for sample restriction bias indicated that this
subsample was no different from the larger sample on age (p=.85), race (p=.84) and gender
(p=.97). Because the n=151 subjects did not differ significantly from the sample with brain
data, we included all the 151 interviewed children in the principal components analysis, to
reduce targeted informational data on SES and family stress into their core dimensions.
Using the full sample also helped to increase variation and statistical power.

Exclusion criteria for subjects were: (1) current or lifetime history of DSM-1V Axis |
psychiatric disorders, including alcohol and substance use disorders, (2) significant medical,
neurological or psychiatric disorder, (3) history of head injury or loss of consciousness, (4)
pregnancy (5) history of prenatal or birth confounds that could have influenced brain
maturation, such as significant prenatal exposure to substances that caused severe birth
complications, birth weight under 5 Ibs. or severe postnatal compromise with neonatal
intensive care unit stay; (6) morbid obesity or growth failure (7) full scale I1Q lower than 70
(8) contraindications to safe participation in MRI research. The IRB of the Duke University
Medical Center approved this study.

The study sample included 102 healthy children and adolescents who participated in the
Duke Healthy Childhood Brain Development and Developmental Traumatology Research
Program studies. Sample demographics are summarized in table 1. The sample was 57.6%
female, 58.3% Caucasian and 33% African-American. Approximately, 97.9% were living
with their biological parents, with caregiver intellectual functioning falling within the
average range (mean=113.1, SD=14.0). Subjects ranged in age from 4.2 to 18.6 years
(mean=11.7, SD=3.7). While measures of 1Q are conventionally known to be stable starting
at age seven [52], a study of preschool children suggests that 1Q is stable at younger ages for
typically developing children, as well [53]. Although the sample mean of the Hollingshead
scale (mean=45.15, SD=13.1) would indicate that the average family in our sample is
considered to be middle-class, there was also a wide range of SES level in the sample based
on this measure (range=14-66). Nearly 89% of the sample was right handed and intellectual
functioning fell within the average range (mean=110.3, SD=15.6, range=74,132) (Table 1).
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3.3. Measures

3.3.1. Outcome measure—IQ was measured with either the 2-subtest version
(Vocabulary, Matrix Reasoning) of the Wechsler Abbreviated Scale of Intelligence (WASI)
[54], the 2-subtest short-form of the Wechsler Intelligence Scale for Intelligence-111 (WISC-
I11) [55], or the Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R)
[56]. All 1Q scores were combined to create an overall measure for 1Q.

3.3.2. Predictor measures—This study focused on several key predictors, including
multidimensional measures of SES, family stress, biological parent 1Q and cerebral brain
structures based on brain and intellectual development literature from several disciplines.

3.3.3. Socioeconomic status—The SES components were constructed from 14 items
selected from the parent self-report questionnaires and the parent and child interviews, listed
as they appear in the parent questionnaires and interview schedules in table 2. The various
instruments used in the questionnaires containing the items used in the principal components
analysis are described. The items were selected using the six indicators from the Blank SES
measurement framework: health status, health insurance access, food security, housing
conditions, education and labor market access (2008).

To capture potential unobserved differences in SES, we used data at different levels of
aggregation, as recommended by prior research [39,57,58]. We extracted neighborhood
variables to use as indicators of relative income and assets from the 2000 Census® (sample
data collected between 2003 and 2008). Median housing value is at the census block level,
median income is at the block-group level, and median real estate taxes are at the census
tract level (Tables 2 and 3).

3.3.4. Family stress—Based on the previously cited literature, exploring family stress
and parenting using the Family Stress model, we identified four subconstructs that capture
family stress: Marital conflict, parenting stress, depressive symptoms and maternal history
of psychiatric disorders. These sub-constructs were used to guide the selection of items into
a separate (from SES) principal components analysis. The family stress components were
constructed from 28 items listed, as they appear in the parent questionnaires in table 3. The
various instruments used in the questionnaires are described below.

3.3.5. Kiddie-Schedule for Affective Disorders and Schizophrenia-Present and
Lifetime Version (KSADS-PL)—Because mental illness is associated with lower 1Q,
children and parents were interviewed using the KSADS-PL to screen for current and
lifetime mental illness, defined as DSM-1V Axis | disorders. This is a semi-structured
diagnostic interview to assess current and past episodes of psychopathology in children and
adolescents according to DSM-IV criteria, and generate reliable and valid child psychiatric
diagnoses [51]. Probes and objective criteria are provided to rate individual symptoms. The
schedule was modified to include items to measure the following: 1) life events, including
traumatic events from the Child and Adolescent Psychiatric Assessment [59]; 2) disorders
not present in the instrument; 3) a structured scale to quantify symptom frequency with a
minimum score of zero meaning no history of a symptom and maximum score of ten
indicating symptoms present several times a day; 4) algorithms to determine Axis |
psychiatric disorders based on DSM-IV criteria; and 5) eleven items about participants
background information, which included questions regarding the primary sources of income
in the household (non-employment support, employment, Social Security Income, child

Lcensus tracts and blocks were approximated for a small number of subjects whose household addresses did not exist at this time
(n=9).
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support), limited choice describing family relationships (e.g. friendly, conflictual, or no
contact), and whether the child had health insurance coverage. Disorders were assigned a
severity score of mild, moderate or severe. This modified version of the KSADS-PL is
available upon request.

3.3.6. University of Pittsburgh Medical Center short form-12 health survey—
The 12-1tem Short Form Health Survey (SF-12) measures one's perception of general health
status, and was developed as a shorter alternative to the 36-1tem Short Form Health Survey
(SF-36) [60]. The resulting short-form survey instrument was designed to reduce respondent
burden and maintain precision across multiple health dimensions. The Short Form is
comprised of the Physical Component Summary and Mental Component Summary scales
[61]. Items from both scales were used to assess parent's overall health and ability to
participate in the labor market, and their mental well-being, including depressive symptoms.
Validation studies indicate that SF-12 scores are highly predictive of both Physical
Component Summary-36 scores (r=.95) and Mental Component Summary-36 scores (r=.97)
[62].

3.3.7. Revised Conflict Tactics Scale (CTS2—The original Conflict Tactics Scale was
designed to capture intrafamily violence, conflict and marital conflict and relations [63]. The
Revised Conflict Tactics Scale 2 was used in this study to measure these aspects of family
stress, as well as environmental and emotional stimulation [64]. The revised version also
captures psychological and physical attacks on a partner in a marital, cohabiting, or dating
relationship, and also use of negotiation. Reliability ranges from .79-.96 [64].

3.3.8. Brief Symptom Inventory (BSI)—The Brief Symptom Inventory is a short form
of the Symptom Checklist 90 (SCL-90), and includes nine scales of symptom dimensions:
somatization, depression, obsessive compulsiveness, interpersonal sensitivity, anxiety,
hostility, phobic anxiety, paranoid ideation and psychoticism [65]. We used the depressive
symptom items in the family stress Principal Components Analysis because of the prior
research indicating that maternal depression affects child outcomes. The BSI has strong
stability and internal consistency in adolescent samples [65].

3.3.9. Family Environment Scale (FES)—Each parent filled out the Conflict Scale
Index subscale of the Moos Family Environment Scale [66]. This index generates a score
based on the number answered. Reliability of the Conflict Index subscale is satisfactory (.
71) [67].

3.3.10. Structured Clinical Interview for DSM-IV Axis | Diagnosis (SCID-1)—
During the parent interview, the SCID-I was used to assess parent's psychological
functioning [68]. The maternal history of psychiatric diagnosis was based on the Family
History-Research Diagnostic Criteria, for the clinical diagnostic evaluation of psychiatric
disorders in parents using an interview checklist approach for all DSM- 1V diagnoses of
major mental disorders [69]. This approach is based on the Family Study Method [70], and
was used to provide information on the subject's biological parent. We counted number of
the parental lifetime disorders (0-7): mood (major depressive disorder, dysthymia, mania),
psychotic (delusion, schizophrenia, affective disorder), anxiety (phobia, generalized anxiety,
panic, obsessive-compulsive, post-traumatic stress disorder), Attention Deficit
Hyperactivity, eating, substance abuse (alcohol abuse disorder, drug abuse), and antisocial
(anti-social personality, conduct disorder).

3.3.11. Brain structures—All subjects underwent anatomical magnetic resonance
imaging using a Siemens Trio 3.0 Tesla MRI system (Trio, Siemens Medical Systems)
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running version VA 24 software (3D GRE (IMPRSGE), axial, TR=1750 ms, T1=1100 ms,
25.6 cm FOV, 1.0 mm slice, flip=200, Bandwidth: (220 Hz/pixel), 256 (phase)x256
(frequency), INEX). Cerebral white, grey, and total brain matter volumes were measured at
the Duke Neuropsychiatric Imaging Research Laboratory, using the Katholieke Universiteit
Leuven [71,72] procedure and the GRID program [73], that was modified for pediatric
imaging. All subjects tolerated the procedure well. No sedation was used. Intraclass
correlation of intra-rater reliability for independent designation of regions on segmented
images obtained from 10 subjects were 0.99 for total brain volume, total white matter, total
grey matter, and cerebral spinal volumes.

3.3.12. Other covariates—In addition to our targeted predictor measures, we include
several other key covariates that have shown significant relationships to our predictor
variables, and/or outcome variables. These included chronological age, race/ethnicity,
gender and biological parental 1Q. The latter variable was used as a proxy measure for
familial (e.g. genetic) contribution, and was operationalized by the two-subtest (Vocabulary,
Matrix Reasoning) version of the Wechsler Abbreviated Scale of Intelligence [54].

4. Data Analysis

4.1. Construction of SES and family stress components

Principal components analysis is a mathematical technique that reduces an original set of
variables into a smaller number of uncorrelated variables, to explain part of the variation in a
set of observed variables with a few underlying dimensions [41]. These dimensions or
components are a linear weighted combination of the initial variables, where each
consecutive component captures an additional dimension in the data, while explaining
smaller and smaller proportions of the variation in the original variables [74]. Unlike factor
analysis, there is no statistical model underlying principal components analysis, because it is
merely a transformation of the data [75]. Another difference between the two approaches is
that in principal components analysis, all of the observed variance is analyzed, while in
factor analysis, it is only the shared variance that is analyzed. We chose to use principal
components analysis over factor analysis because there are fewer assumptions about the
relationships between the items.

We used PASW Statistics 18 software (SPSS 18.0), to conduct the principal components
analysis on the full sample of children who were interviewed (n=151), using varimax
rotation to construct orthogonal (independent) components. These factor loadings were then
used in the outcome analyses. We used varimax rotation, so that the resulting factors would
be unique variables for use in the outcome analyses. The number of components was
determined by the Kaiser-Guttman criterion, keeping the number of eigenvalues larger than
one. We also examined the components using a scree-plot, by displaying the eigenvalues
against their rank, and determined the appropriate number of components using the ‘elbow’
of the curve [76]. These two sets of components were used to operationalize each construct
and test the research questions in the outcome models.

Table 4 displays the rotated eigenvalues and percent variance explained by each component.
The first component explains the most variance, with the next component explaining the
second most, and so on. Specific component content, respective instrument and loadings are
displayed in tables 2 and 3. Henceforth, we will refer to the components by their substantive
names, instead of their component numbers (Table 4).

The principal components analysis indicated three unique dimensions of SES, in this order:
Community and educational capital, health status, and financial resources. Food security
was the only construct from the Blank (2008) framework that was dropped, because there
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was no variation in this item across subjects. Community and educational capital represents
the parents' education level and the census block, and tract variables that measure the
average level of income and housing costs of the family's neighborhood. These
neighborhood variables may also capture investment in community resources like public
schools, parks and other local private and public programs and amenities. Health status
represents the parent's perception of their physical abilities and health, their energy level,
pain experiences, and whether their health interferes with their everyday life. The financial
resources variable represents the family's sources of income (e.g. employment, alimony,
Social Security Income), and whether the focal child is covered by health insurance (Yes/
No) (Table 2 for item wording and instrument source).

The principal components analysis for family stress generated five unique components:
marital conflict-physical, mother's depressive symptoms, marital conflict-verbal, marital
conflict resolution, and intrafamily dyadic relationships. Marital conflict-physical represents
violent acts between the mother and the child's father, or mother's intimate partner.
Depressive symptoms capture the mother's responses on all items related to depression (e.g.
feeling blue, feeling hopeless about the future). Marital conflict-verbal includes the items
that describe verbal discord, such as yelling, screaming, insulting or swearing and the
Family Environment Scale Conflict Scale index score. Marital conflict resolution includes
the items that describe positive coping and resolution skills for marital discord, such as
discussing the issue calmly together. An intrafamily dyadic relationship includes the
description of the mother-father and father-child relationship items (e.g. conflictual, loving
and friendly). Note that the mother-child relationship item loaded on the marital conflict
resolution component (Table 3 for item wording and instrument source).

4.2. Child IQ analyses

Our primary research questions were as follows: (1) Does brain volume mediate the effect of
SES on child 1Q? (2) Do any components of SES mediate the effect of one biological
parent's 1Q on child 1Q? (3) Do any components of family stress mediate the effect of SES
on child 1Q? Each question was examined using path analysis, a type of structural equations
modeling, in Mplus version 5.21. This allowed us to examine patterns of directional and
nondirectional linear relationships among variables [77]. To test for the intervening effects
of brain volume between SES, family stress and child outcomes, we included measures of
grey matter, white matter, and total brain volume, as well as controls for age, sex and parent
IQ as our genetic proxy.

The dependent variable in all models (white, grey and total brain volume) was child 1Q.
Each model included child age, an indicator for sex (male=1), parent 1Q, child race (white,
non-white), the three SES components (community and educational capital, health status and
financial resources), and the five family stress components (physical and marital conflict,
depressive symptoms, verbal marital conflict, marital conflict resolution, intrafamily dyadic
relationships), as independent variables. All independent variables were allowed to predict
the outcome variable, child IQ in each model. The SES and family stress components were
allowed to freely correlate with one another. Directionality was fixed from parent I1Q to the
SES and family stress components, and from race to the SES and family stress components.
Mplus enabled us to explore the all the possible channels through which the independent
variables could affect child 1Q. For all pathways, the models were unconstrained to explore
any possible mediating effects of the component measures. Child outcomes and path results
are in terms of standardized coefficients (i.e. standardized by the variance of both the
independent and dependent variable).

In testing for both direct and indirect effects in path analysis, this model assumes that all
unmeasured causes of the dependent variables (i.e. brain volume and child 1Q) are

J Child Adolesc Behav. Author manuscript; available in PMC 2014 April 29.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Marcus Jenkins et al.

5. Results

Page 9

uncorrelated with the SES and family stress measures, and the other included covariates
after controlling for the covariation between all of the covariates [78]. This model also
assumes that the omitted causes of the outcome variables are unrelated to each other.
Because of the comprehensiveness of our constructed SES and family stress variables in
capturing the numerous environmental factors which may influence brain volume and 1Q,
and the inclusion of biological parent 1Q to capture familial factors, we found these
assumptions plausible. Additionally, the effects in this study are presumed to be directional,
in that the covariates are hypothesized to determine brain volume and child 1Q, but that child
IQ does not affect brain volume or the other included controls. In other words, this is a
recursive model with no feedback loops.

Each model had good fit across all tests of overall model fit including; the chi-square test,
root mean square error of approximation (RMSEA<.08) [79], the comparative fit index
(CFI>0.95), the standardized root mean square residual (SRMR, <0.07), and the non-normed
fit index. Root mean square error of approximation and standardized root mean square
residual measures were given precedence in accordance with the SEM literature in

psychology [77].

The white matter model had acceptable fit across all measures (RMSEA=0.074;
SRMR=0.046; chi-square=29.687, p=0.056; CF1=0.947), and significant path model results
are displayed in figure 1. The grey matter model had good fit across all measures
(RMSEA=.056; SRMR=.045; chi-square= 27.649, p=.150; CFI=.971), and significant path
model results are displayed in figure 2. The total brain volume also had good model fit
across all measures (RMSEA=0.069; SRMR=0.045; chi-square=28.126, p=0.081,;
CF1=0.956), and significant results are displayed in figure 3. Each path coefficient (B)
represents a standard deviation change in child 1Q, as a result of a one standard deviation
increase in the explanatory variable (e.g. age), operating through the meditational variable
(e.g. total brain volume), holding other variables in the model constant. Child IQ has a
standard deviation of 15 points (Figures 1-3).

5.1.1. Does brain volume mediate the effect of SES on child 1Q?

5.1.1.1. White matter mediation—White matter did not mediate any of the paths to
child 1Q, but sex, age and parent 1Q predicted white matter volume directly (3=.569, SE=.
061, p<.001; p=.207, SE=.070, p=.003 and =.232, SE=.095, p=.015, respectively).

5.1.1.2. Grey matter mediation—The only significant grey matter mediation path was
that grey matter mediated the effect of sex (male) on 1Q (=.099, SE=.050, p=.047). This
means that male child 1Q is 1.5-points higher than female 1Q through its effects on males
grey matter volume. Both race and the financial resources component predicted grey volume
directly ($=.339, SE=.088, p<.001 and -p=.222, SE=.084, p=.008, respectively).

5.1.1.3. Total brain volume mediation—Total brain volume mediated the effect of sex
(male) on 1Q (B=.107, SE=.053, p=.044). This means that male child IQ is 1.5-points higher
than female 1Q, through its effects on male total brain volume. Sex, race and the financial
resources component predicted total brain volume directly (3=.576, SE=.061, p<.001; B=.
279, SE=.085, p=.001 and =.198, SE=.078, p=.011). Parent IQ directly predicted child 1Q
(p=.301, SE=.109, p=.006), with the same magnitude as the grey and white matter models.
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5.1.2. Do any components of SES mediate the effect of one biological parent's IQ (genetic
proxy) on child 1Q?

5.1.2.1. White matter mediation—The community and educational capital component
of SES mediated the effects of parent 1Q on child 1Q (=.112, SE=.054, p=.037), and was
the only significant indirect path. This means that a 15-point increase in parent 1Q (one
standard deviation in 1Q) predicts a 1.1-point increase in child 1Q, by way of increasing the
family's community and educational capital. Parent 1Q directly predicted child 1Q ($=.311,
SE=.110, p=.005), meaning that a 15-point increase in parent's 1Q predicts a 4.6-point
increase in child 1Q, holding all else constant. Additionally, parent 1Q directly predicted
community and educational capital (3=.483, SE=.091, p<.001), and financial resources (3=.
245, SE=.112, p=.028) components of SES.

5.1.2.2. Grey matter mediation—Community and educational capital mediated the
effects of parent 1Q on child 1Q (p=.107, SE=.053, p=.044). This means that a one standard
deviation increase in parent's 1Q produces a .1 standard deviation increase in child 1Q via its
effects on community and educational capital, which is approximately a 1.5-point increase
in child 1Q. Parent IQ directly predicted child 1Q ($=.308, SE=.109, p=.005), with
approximately the same magnitude as in the white matter model. Parent IQ also directly
predicted the SES components of community and educational capital and financial resources
in the same magnitude as in the white matter model.

5.1.2.3. Total cerebral brain volume mediation—As in the grey and white matter
models, the SES component of community and educational capital mediated the effects of
parent 1Q ($=.108, SE=.053, p=.042) on child 1Q. This means that a 15-point increase in
parent 1Q (one standard deviation in 1Q) predicts a 1-point increase in child 1Q, by way of
increasing the family's community and educational capital. Parent 1Q directly predicted
community and educational capital and financial resources, with the same magnitude as the
white and grey matter models.

5.1.3. Do any components of family stress mediate the effect of SES on child 1Q?

None of the family stress components mediated the effect of the SES components on child
IQ. There were non-directional correlations amongst the SES and family stress components.
Health status and intrafamily dyadic relationships were related (B=-.216, SE=.094, p=.022),
and financial resources was related to both depressive symptoms (f=.313, SE=.089, p<.001)
and marital conflict resolution (B=-.215, SE=.094, p=.023). These relationships were the
same in the white, grey and total cerebral volume models.

5.1.4. Summary of findings

Community and educational capital, the primary SES component, mediated the effects of
parent 1Q on child 1Q, providing support for our second hypothesis. None of the brain
volume measures or the family stress components mediated the effects of the SES
components on child 1Q, and therefore, our hypotheses for the first and last research
questions were not supported.

6. Discussion

The primary purpose of this study was to investigate how well-defined environmental
factors influence children's brain development and intellectual functioning, and makes
several contributions to the literature. The unique interdisciplinary research approach
combined the neuropsychological, sociological and developmental psychological literature,
to explore the ways that SES affects child development, by conducting an empirical test of
the Family Stress model. This analysis yielded more comprehensive measures of SES and
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family stress, using multiple items with principal components analysis. In particular, the
operationalized SES components are stronger and more robust representations of this
construct, than what is typically used in the literature. This paper also extends the
neuroscience literature by using meditational models to explore potential mechanisms
through which SES operates in child neuro-development.

This study explored numerous meditational relationships through which SES and family
stress may affect child outcomes, by using these components in path analysis, which also
included measures of cerebral volume and parent 1Q. We proposed three major research
questions: (1) Does brain volume mediate the effect of SES on child 1Q? (2) Do any
components of SES mediate the effect of one biological parent's 1Q on child 1Q? (3) Do any
components of family stress mediate the effect of SES on child 1Q? We hypothesized that
cerebral white matter will have the strongest level of mediation between SES and family
stress, and child cognitive outcomes because of the known environmental impact of
myelination processes during development [80]. However, none of the brain volume
measures or the family stress components mediated the effects of SES on child 1Q;
therefore, our hypotheses for the first and third research questions were not supported. This
is concurrent with the findings from another recent neurological study, with a large sample
of typically developing children that found a small association between total brain volume
and 1Q, and a larger association between parental education and 1Q, using parental education
as a proxy for SES [46]. As in our study, they found that total brain volume did not mediate
the relationship between parental education and 1Q.

The foremost finding was that in all three models, community and educational capital—the
primary SES component—mediated the effect of parent's 1Q on child 1Q, providing
supportive evidence for the second research question. Community and educational capital
can be thought of as the average and median resources of families living in the child's
community, and serves as a proxy measure for local investments in public goods. In this
case, higher community and educational capital means higher housing costs, taxes, and
perhaps, schools with better performance measures. Other aspects, such as reduced crime,
higher quality child care, more extra-curricular opportunities or access to community health
resources are likely correlated with better-resourced communities. Our results show that an
increase in parent's 1Q was associated with a small increase in child 1Q that operated through
a family's community and educational capital, in addition to the direct affect of parent IQ on
child brain volume.

This is a particularly interesting pathway because it involves both a familial (e.g. genetic),
and an environmental factor. This also corroborates numerous developmental theories,
which hypothesize that the environment shapes child outcomes in concert with genetics
through dynamic developmental processes, and the large literature that documents the
interdependency between familial factors (e.g. genes) and the environment [14-18,81-84].
Over the course of development, familial factors and the environment continue to influence
and interact with each other. This suggests that even if parents have a high 1Q, if community
supports are not available, the child's IQ would be negatively affected. Since community and
educational capital also predicted IQ directly, this implies that increasing resources in the
community could enhance child 1Q. Together, the model results indicate that the effect of
parent 1Q on child 1Q operates both indirectly through the environment via community and
educational capital, and directly through familial effects.

Other neuropsychological research indicates that environmental factors related to SES
disproportionately affect certain cognitive systems, suggesting further exploration of more
specific neural pathways [21,27,85]. Farah [25] suggests that SES most profoundly affects
language, memory and executive function systems. Another study using electrophysiological
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recording found that attention responses and measures of executive functioning were
significantly better for children with high SES [86]. Our future work will continue to explore
these more precise pathways. In fact, our lack of findings in the present study may be due to
the broad measures of the brain and cognition we used to develop our SES measurement
model. Nonetheless, few studies have brought together structural measures of the brain, with
sophisticated measures of SES and family stress.

The correlations between the SES and family stress components were expected based on the
hypotheses and intuition of the Family Stress model (e.g. financial resources is associated
with marital conflict resolution and depressive symptoms) providing further support for this
body of literature. The direct negative effect of financial resources on grey matter cerebral
volume and total cerebral volume also likely reflects the family financial stress mechanisms
posited in the Family Stress model; fewer financial resources increases parental stress,
negatively affecting child development through its affects on parenting behavior. Lower
SES is associated with higher cortisol levels in children [87], which may lead to negative
effects on grey matter.

Males in the sample have larger brains on average, and thus more grey matter, corroborating
other studies finding that males have about 8% larger brains than females [46,47,88,89]. The
pathway going from sex (male) to child IQ through the brain in the grey matter model is
consistent with the broad differences between males and females found in recent research
[46], but may also be an artifact of the large effect size of for greater male versus female
brain volume seen in our dataset, and confirmed in the literature. However, this does not
imply that females have proportionally less grey matter or lower IQ on average. There were
no significant differences between the 1Q of girls and boys in this study.

7. Implications

These findings have several implications for child neuropsychological research, clinical
practice, policy and intervention. First, these findings provide further evidence that both
nature and nurture are important for healthy brain development. Studies have shown the
positive influence of environmental stimulation, caregiving and experience for age-
appropriate healthy development [12,13,90,91]. Therefore, cognitive stimulation
interventions that relate to community and educational capital can use ‘nurture’ to influence
brain development for children in low-income families. For example, if a child has a low 1Q,
and the parent is not as able to provide environmental stimulation for the child's
neuropsychological development at home, then child placement in a well-resourced school
district may help to improve child 1Q. It is important to note that because of the wide age
range of children in this study, the specific mechanisms along the pathway between
community and educational capital and child 1Q may be different for children at different
ages. For example, communities with more resources likely have better funding for public
schooling, which can directly and additively affect child 1Q for older children. This may also
have implications for children who are neurologically and intellectually disabled, and for
children living in poverty, where schools are more likely to be under-performing due to lack
of resources [92,93].

For clinical practice, it is important that assessments of children include detailed items about
the family life and household and community resources, as we have used here, in order to
more fully understand where intervention is needed. It is also unclear how these
environmental interventions are mediated by brain structure and function. Can the
environmental intervention change pathways in the brain and associated brain functions to
affect neuropsychological outcomes? Future work can continue to examine these types of
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brain-by-environment interactions. Relatedly, it will be important that future studies test
whether these brain-by-environment pathways differ between typical and impaired samples.

These findings may have policy implications for neurologically and intellectually disabled
children, and for children living in poverty, where schools are more likely to be under-
performing due to lack of resources [92,93]. In fact, early education for children living in
poverty has larger and longer lasting positive effects than similar community and
educational resources provided to the whole population [94]. These findings may also
contribute to the literature about the effects of neighborhoods on child outcomes because
communities with more institutional resources may be able to mitigate the effects of familial
factors, and influence development by enabling children to participate in educational and
recreational activities [95-97].

8. Limitations

There are several limitations to our study: 1) Though our sample size was large for a
neuroscience study, it is fairly small for a modeling study, and thus, our analyses may have
failed to uncover a host of other effects. Thus, our findings should be seen as exploratory,
and not causal; 2) Parent self-selection into communities may have biased our findings
because parent 1Q predicts parent's educational attainment and family income, and this
influences their choice and ability to live in better-resourced communities; 3) Our results
may have been different if we had administered the full 1Q test on subjects, instead of the
two-subtest 1Q measure; 4) We used a typical sample of children with no pathologies, and
thus these findings cannot be generalized to atypical samples. This also limited the
distribution of sample I1Q to be above 70; 5) The use of standardized path coefficients
imposes certain assumptions on the model, in that it equates the difference between scaling
units in the path variables, which may not be plausible [98]. For example, one-unit changes
in 1Q and the SES and family stress components are not likely the same; 6) We did not
incorporate a direct measure of family income in our SES components; 7) The range of SES
in our sample was wide based on the Hollingshead Index, but a majority of the families were
middle-class. The study site was located in a university setting, increasing the representation
of middle-class families.

This study provides an innovative approach to the measurement and conceptualization of the
elements, comprising SES and its relationship to child structural brain development and
neuropsychological outcomes. Future research should replicate the use of this framework
and test our model on different samples, such as children with developmental disabilities
and other neurological impairments. Testing the relationships between SES components and
other child neuropsychological outcomes, including memory and social behavioral
outcomes, is also needed. If similar results and pathways are replicated in other studies, we
can continue to build a unique neuropsychological literature on the key elements of the
child's environment, and their relationships to neurological development. By using an
interdisciplinary approach and incorporating new frameworks for measurement, we can
advance the study of SES and child poverty, and apply these findings to clinical research,
intervention, and policy.
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Figure2. Grey Matter
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Figure 3. Total Brain Volume
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Table 2

SES Component L oadings

Variable

Component

Community and Educational Capital Health Status

Financial Resouces

Median housing value of census tract?

Median real estate taxes of census blockl
Median income of census tractl

Father's Education?

Mother's Education?

Is parent health limited in exertive activities?3
Is parent health limited in moderate activities?3
Does parent have a lot of energy?3

Does pain interfere with parent's normal work?3
Parent's self description of health3

Source of Income: Non- employment support2
Source of Income: Child Suppor‘(2

Source of Income: Employment2

Child's current health insurance coverage2

.883
.818
751
.673
.612
137
.067
176
.095
212
-.030
-.097
.156

-470

.126
.163
.100
.269
191
.783
.770
.694
.689
557
=217
.008
.154

.006

-.046
.023
-077
-.104
-.296
-113
=227
-.038
.075
-173
.883
.819
- 757

412

Notes. Correlations above 0.4 bolded
1Item Sources: 2000 Census;
2Healthy Brain KSADS-PL;

3Pit'(sburgh Medical Center SF-12 Health Survey.
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Table 4

Page 26

Eigenvalues and Percent Variance Explained by Separ ate Factor Analyses of SES and
Family Stress Components

Initial Eigenvalues

Total % of Variance Cumulative %
SES Components
Community and Educational Capital ~ 4.365 29.103 29.103
Health Status 1.86 12.401 41.504
Financial Resources 1.369 9.127 50.632
Family Stress Components
Marital Conflict - Physical 6.696 23.091 23.091
Depressive Symptoms 3.908 13.476 36.567
Marital Conflict - Verbal 3.431 11.830 48.398
Marital Conflict Resolution 2.011 6.935 55.333
Intrafamily Dyadic Relationships 1.647 5.679 61.012

Note. Specific component content is available from the corresponding author.
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