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Abstract

Background: While race/ethnicity and socioeconomic status (SES) impact brain structures such as the
amygdala, less is known on whether or not family SES partially explains why amygdala volume is
smaller for racial and ethnic minority groups. Purpose: This study tested the mediating effects of family
SES on racial and ethnic differences in right and left amygdala volume. Methods: We borrowed the
structural Magnetic Resonance Imaging (sSMRI) data of the Children Brain Cognitive Development
(ABCD) study, a brain imaging investigation of childhood brain development in the US. The total sample
was 8977, 9-10-year-old children. The independent variables were race and ethnicity. The primary
outcomes were right and left amygdala volume. Age, sex, household size, and marital status were the
covariates. Multiple SES indicators such as family income, subjective family SES, parental employment,
parental education, and neighborhood income were the mediators. To analyze the data, we used
regression models without and with our mediators. Sobel test was used to test if these mediational paths
are statistically significant. Results: Black and Latino children had smaller amygdala sizes than
non-Latino White children. The effects of race and ethnicity on amygdala volume were partially
mediated by SES indicators, suggesting that one of the many reasons Black and Latino children have
smaller volumes of right and left amygdala is their lower SES. Conclusions: For American children,
lower family and neighborhood SES indicators partially, but not fully, explain smaller amygdala sizes of
Black and Latino children compared to non- Latino White children.
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1. Background

Racial minority status (Berger & Sarnyai, 2015; Betancourt et al., 2016; Harnett, 2020; Harnett et al.,
2019) and low socioeconomic status (SES) (Hair, Hanson, Wolfe, & Pollak, 2015; Jha et al., 2019;
Lawson, Duda, Avants, Wu, & Farah, 2013; Marshall et al., 2020; McLachlan et al., 2020; Oshri et al.,
2019; Piccolo et al., 2016) are associated with low childhood brain development. Race and low SES
correlate with experiences of stressors across domains (Javanbakht et al., 2015; Masten, Telzer, &
Eisenberger, 2011; Wu et al., 2015). As a result, racial and ethnic minority and low SES children are at an
increased risk of dropping out of school (Sirin, 2005), depression (Mendelson, Kubzansky, Datta, &
Buka, 2008), suicide (Eisenberg, Gollust, Golberstein, & Hefner, 2007; Yildiz, Demirhan, & Gurbuz,
2019), antisocial behaviors (Palma-Coca et al., 2011), aggression (Heshmat et al., 2016), and use of
tobacco (Barreto, de Figueiredo, & Giatti, 2013; Kaleta, Usidame, Dziankowska-Zaborszczyk, &
Makowiec-Dabrowska, 2015), alcohol (Moore & Littlecott, 2015; Silveira et al., 2014), and drugs (Gerra
et al., 2020).

Both racial and ethnic minority status and low SES correlate with brain function and structures within
(Oshri et al., 2019) and across (Javanbakht et al., 2015) regions. One of the brain regions and structures
that correlates with race/ethnicity and low SES is the amygdala (Evans et al., 2016; Javanbakht et al.,
2016; Javanbakht et al., 2015). Racial and /ethnicity group membership and low SES are linked to the
amygdala (Evans et al., 2016; Javanbakht et al., 2016; Javanbakht et al., 2015). Given the central role of
amygdala reactivity in regulating emotions, behaviors, and social relations, there is a particular interest in
understanding the additive effects of racial and ethnic group membership and low SES on the amygdala
and associated psychopathology and behavioral problems (Dotterer, Hyde, Swartz, Hariri, & Williamson,
2017; Gard, Waller, et al., 2018; Morawetz, Bode, Baudewig, & Heekeren, 2017; Szczepanik et al., 2016;
Venta et al., 2018).

While the effects of race and low SES on children’s brain function and structure go beyond just the
amygdala (Evans et al., 2016; Javanbakht et al., 2016; Javanbakht et al., 2015; Kimberly et al., 2015),
amygdala size and function may be among the main mechanisms by which race/ethnicity and low SES
influence children emotions and behaviors (Assari, Boyce, & Bazargan, 2020; Evans et al., 2016;
Javanbakht et al., 2016; Javanbakht et al., 2015). Brain imaging studies of children who are Black or have
lived in poverty have shown smaller and hyperactive amygdala (Evans et al., 2016; Javanbakht et al.,
2016; Javanbakht et al., 2015). The amygdala of Black and individuals who are poor show an increased
activation toward negative stimuli (e.g., negative facial expressions) (Evans et al., 2016; Javanbakht et al.,
2016; Javanbakht et al., 2015). Thus altered amygdala function and structure may be why race and SES
are associated with high-risk behaviors (Dotterer et al., 2017; Gilliam et al., 2015; Gottlich, Kramer,
Kordon, Hohagen, & Zurowski, 2015; Moadab, Bliss-Moreau, Bauman, & Amaral, 2017), poor emotion
regulation (Di, Huang, & Biswal, 2017; Firk, Dahmen, Lehmann, Herpertz-Dahlmann, & Konrad, 2018;
Fowler, Miernicki, Rudolph, & Telzer, 2017; Hare, Tottenham, Davidson, Glover, & Casey, 2005), and
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suboptimal social relations (Clark, Miller, & Hegde, 2018; Dotterer et al., 2017; Gard, Shaw, Forbes, &
Hyde, 2018; Izuma, Aoki, Shibata, & Nakahara, 2019).

From a theoretical perspective, the scarcity hypothesis can explain why low SES and racial and ethnic
minority status deteriorate children’s brain development. According to this hypothesis, racial
minorities’ low SES is a proxy of early adversity and a lack of resources that all operate as risk factors
for low childhood development. In this view, stress and adversity and low access to resources are the
underlying mechanisms that explain the SES — brain development link (Yaple & Yu, 2019). Low
family SES is a proxy of living in stressful environments, food insecurity, environmental toxins, and
parental risk behaviors that can jeopardize healthy brain development in children (Assari & Mohsen
Bazargan, 2019; Assari & M. Bazargan, 2019; Assari, 2019). As a result of unhealthy brain development,
children with low SES backgrounds are at a higher risk of various types of psychopathologies (Chassin,
Presson, Sherman, & Edwards, 1992; Kocaoglu et al., 2005; Padilla-Moledo, Ruiz, & Castro-Pinero,
2016). Low SES is also a mediator (an underlying mechanism) of racial and ethnic disparities that evolve
throughout a child’s development (Assari, 2018a; Assari, 2018; Assari, 2018b).

Research has established race/ethnicity and SES differences in the development of various brain regions
and structures (D’Angiulli, Lipina, & Olesinska, 2012; Javanbakht et al., 2016; Javanbakht et al., 2015;
P. Kim et al., 2013; Silverman, Muennig, Liu, Rosen, & Goldstein, 2009). Family SES indicators,
measured as poverty, income, and parental education, impact brain function and structure (D’ Angiulli et
al., 2012; Javanbakht et al., 2016; Javanbakht et al., 2015; P. Kim et al., 2013; Silverman et al., 2009).
In a study, individuals with low family income, at age nine, had reduced dorsolateral, ventrolateral, and
prefrontal cortex activity. They also showed weaker amygdala activation suppression during effortful
emotion regulation at age 24 (P. Kim et al., 2013). Javanbakht et al. (2015) showed that low family
SES was associated with a higher amygdala and medial prefrontal cortical response to threatening faces,
effects that were independent of adulthood SES. Another study showed a link between family SES
during childhood and reduced the amygdala’s connectivity with the hippocampus, posterior cingulate,
superior frontal cortex, putamen, and lingual gyrus (Barch et al., 2016).

However, there is a need to advance the current literature on the additive effects of race/ethnicity and
family SES on the right and left amygdala size. Our study tested the mediating effect of family SES on
the association between race/ethnicity and the amygdala volume to extend the existing knowledge on

social and economic mechanisms that link race/ethnicity to children’s brain structure.

2. Methods

We conducted a secondary analysis of the ABCD study data (Alcohol Research: Current Reviews
Editorial, 2018; Casey et al., 2018; Karcher, O’Brien, Kandala, & Barch, 2019; Lisdahl et al., 2018;
Luciana et al., 2018). With a cross-sectional design, we applied data from wave 1 of the ABCD study.
The ABCD is the most extensive brain imaging study of childhood brain development in the US (Alcohol

Research: Current Reviews Editorial, 2018; Auchter et al., 2018). The advantages of the ABCD study
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include a national sample, a large sample size, a large sample of Blacks and Latinos, available data,
robust brain development measures, and considerable socioeconomic factors (Alcohol Research: Current
Reviews Editorial, 2018; Casey et al., 2018; Karcher et al., 2019; Lisdahl et al., 2018; Luciana et al.,
2018). The ABCD sample was primarily recruited through the school systems with sampling informed
by race, ethnicity, sex, SES, and urbanicity. More details of ABCD sampling are published elsewhere
(Garavan et al., 2018). Recruitment was performed across multiple cities across states. This study
measured demographic factors, family SES indicators, and amygdala volume. Structural MRI measures
captured amygdala volume. A detailed explanation of the procedures and harmonization of the structural
MRI in the ABCD study is available here (Casey et al., 2018). This analysis included 8977 non-twin
children between the ages of 9 and 10 who had complete data on all our study variables; however, they
could be of any race or ethnicity.

2.1 Primary Outcome

The primary outcome was right and left amygdala volume, measured by structural MRI. Amygdala
volume is shown to be under the influence of exposure to poverty, trauma, and adversity (Calem, Bromis,
McGuire, Morgan, & Kempton, 2017; Evans et al., 2016; Merz, Tottenham, & Noble, 2018).

2.2 Independent Variable

Race. Race, a self-identified variable, was coded as White (reference), Black, or other races (Asian,
Mixed Race, and any non-European non-African group).

Ethnicity. Parents were asked if they are of Latino ethnic background. This variable was coded as Latino
=1 and non-Latino = 0.

2.3 Mediators

Parental Education. Parents reported their years of schooling. This variable was an interval variable
ranging from 1 to 21.

Family income. Family income was an interval variable which reflected their total combined family
income in the past 12 months. Coding was as below: 1.00 = less than $5000; 2.00 = $5000; 3.00 =
$12,000; 4.00 = $16,000; 5.00 = $25,000; 6.00 = $35,000; 7.00 = $50,000; 8.00 = $75,000; 9.00 =
$100,000; 10.00 = $200,000.

Subjective Family SES. Family SES in this study was financial difficulties measured by the following
seven items: “In the past 12 months, has there been a time when you and your immediate family
experienced any of the following:” 1) “Needed food but could not afford to buy it or could not afford to
go out to get it?”, 2) “Were without telephone service because you could not afford it?”” 3) “Did not pay
the full amount of the rent or mortgage because you could not afford it?”, 4) “Were evicted from your
home for not paying the rent or mortgage?”, 5) “Had services turned off by the gas or electric company,
or the oil company would not deliver oil because payments were not made?”, 6) “Had someone who
needed to see a doctor or go to the hospital but did not go because you could not afford it?” and 7) “Had
someone who needed a dentist but could not go because you could not afford it?”” Responses to each item

were either 1 or 0. We calculated a sum score with a potential range between 0 and 7—a higher score

65
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

indicating lower family SES. Our variable was a continuous measure. Financial difficulties are an
accepted SES indicator (Assari, Preiser, Lankarani, & Caldwell, 2018; Assari, Smith, Mistry, Farokhnia,
& Bazargan, 2019; Boe, Petrie, Sivertsen, & Hysing, 2019; Chen & Paterson, 2006; Moon, 1987; Wright
& Steptoe, 2005; Ye, Wen, Wang, & Lin, 2020).

Neighborhood Income. The median family income of the neighborhood was derived from ABCD
residential history. This is in line with the Area Deprivation Index (ADI), based on the Health Resources
& Services Administration (HRSA) work, Kind, Diez Roux, and others. Neighborhood income reflected
county-level / census block group/neighborhood. Extensive research suggests that ADI, median family
income, and neighborhood income predict health (Duran, Diez Roux, Latorre Mdo, & Jaime, 2013; D.
Kim, Diez Roux, Kiefe, Kawachi, & Liu, 2010; Linetzky, Mejia, Ferrante, De Maio, & Diez Roux, 2012;
Nordstrom, Diez Roux, Jackson, Gardin, & Cardiovascular Health, 2004).

2.4 Confounders

Age. Age was a dichotomous variable 9 or 10. Parents reported the age of the children.

Sex. Sex was coded as 1 for males and 0 for females.

Parental Marital Status. Parental marital status was 1 for married and 0 for any other condition
(reference).

Parent’s Employment. A dichotomous variable recorded the employment status of the parent. The
variable was coded as 0 for no employed parent in the household (reference), and 1 for at least one parent
employed. This variable was self-reported by the parent who was interviewed.

2.5 Data Analysis

We used SPSS 22.00 for data analysis. Frequencies (n and %) and mean [standard deviations (SDs)] were
described. To estimate bivariate analyses between the study variables, we used the Pearson correlation in
the pooled sample. Then we performed two regression models. Model 1 did not have the mediators.
Model 2 was performed with the mediators—all these models controlled for all confounders. Family SES
indicators were the mediators. Both models were performed in the pooled sample. The independent
variables were race and ethnicity. Outcomes were right and left amygdala volume. Unstandardized
regression coefficient (b), SE, and p-values were reported for each model. A p-value of equal or less than
0.05 was significant. We did not include marital status as an SES indicator, which is an accepted practice
(Denney, Rogers, Krueger, & Wadsworth, 2009). To test if the indirect effects of race and ethnicity on
the right and left amygdala are via SES, we used the Sobel test to test if SES operates as a mediator
variable and significantly carries the influences of race and ethnicity (independent variables) on the right
and left amygdala volume (dependent variables). Sobel test is an accepted test of indirect effect and
mediation(Preacher & Leonardelli, 2001).

2.6 Ethical Aspect

Our analysis was exempt from a full review. However, the ABCD study protocol was approved by the

University of California, San Diego ethics committee (Auchter et al., 2018).
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3. Results

3.1 Descriptives

The sample included 8977 9-10 years old children. Table 1 describes the sample. The right amygdala
volume was larger for White (1638.02 £230.00) than for Black (1536.78 +220.22) children (p < 0.001).
Left amygdala volume was also larger for White (1601.05 #232.77) than for Black (1482.71 4213.29)
children (p < 0.001).

Table 1. Descriptive Data (n = 8977)

n %
Race
Other 7201 80.2
Black 1776 19.8
Race
White or Black 8210 915
Other 767 8.5
Ethnicity
Non-Latino 7194 80.1
Latino 1783 19.9
Sex
Male 4263 47.5
Female 4714 52.5
Age
9 Years 4829 53.8
10 Years 4148 46.2
Family Marital Status
Not- Married 2809 31.3
Married 6168 68.7
Parental Employment
No 2688 29.9
Yes 6289 70.1
Mean SD
Parental Education (1-21) 16.74 2.68
Subjective Family Socioeconomic Status (0-1) 0.93 0.16
Family Income (1-10) 7.17 2.43
Neighborhood Income 76.70 35.52
Right Amygdala Size (mm3) 1604.42 228.26
Left Amygdala Size (mm3) 1560.00 231.30
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3.2 Unadjusted Bivariate Correlations

Table 2 shows the unadjusted bivariate correlations using the Pearson test. Family and neighborhood

SES indicators were positively correlated with amygdala volume.

Table 2. Bivariate Associations (n = 8977)

1 2 3 4 5 6 7 8 9 10 11 12 13
1 Race (Other) 1.00 -15" 29™ -01 .01 -05" -047" -117 -02 -117 -07" -047 -06"
2 Race (Black) 1.00 -137 -01 .01 -377 -02° -257 -257 .37 -367 -157 -16"
3 Ethnicity (Latino) 100 .00 -02 -117 -057 -257 -097 -257 -247 -057 -06"
4 Sex (Male) 1.00 .01 .02 01 -02 -01 .01 .01 327 327
5 Age (Year) 1.00 -00 .02° .00 03" 02" 03" 04" 067
6 Marital Status (Married) 1.00 .02 347 307 5537 357 117 1"
7 Parents Employed 1.00 237 13" 23" 12" 04" 047
8 Parental Education (1-21) 1.00 347 827 497 12" 11"
9 Subjective Family - - - -
1.00 .46 32 .08 .09
Socioeconomic Status (0-1)
10 Family Income (1-10) 1.00 617 147 14"
11 Neighborhood Income 1.00 117 13"
12 Right Amygdala Volume (mm3) .00 737
13 Left Amygdala VVolume (mm3) 1.00
*»<0.05 **p<0.01
Table 3 reports the results of two pooled sample regression models with the right amygdala volume as the
outcome. Model 1, which only included race and ethnicity with confounders (age, sex, and marital status),
showed that race and ethnicity are associated with right amygdala volume. Model 2 showed that family
and neighborhood SES indicators partially mediate race and ethnicity’s effects on the right amygdala
volume.
Table 3. Regressions Models for Right Amygdala Volume (n = 8977)
Beta b SE 95% ClI t p
Model 1
Race (Other) -0.04 -36.59 848 -53.21 -1996 -431 <.001
Race (Black) -0.14 -79.06 6.24 -91.29 -66.84 -12.68 <.001
Ethnicity (Latino) -0.05 -26.94 598 -3866 -1521 -450 <.001
Sex (Male) 0.32 14440 450 13558 15322 3210 <.001
Age (Year) 0.04 1816 451 9.33 27.00 4.03 <.001
Marital Status (Married) 0.04 2213 531 11.72 3253 4.17 <.001
68
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Model 2

Race (Other) -0.04 -28.89 851 -4558 -12.21 -3.39 .001
Race (Black) -0.12 -67.85 6.62 -80.83 -54.88 -10.25 <.001
Ethnicity (Latino) -0.03 -15.39 6.28 -27.70 -3.09 -245 .014
Sex (Male) 032 14519 448 136.40 153.98 3237 <.001
Age (Year) 0.04 1764 450 883 26.45 3.92 <.001
Marital Status (Married) 0.01 5.20 597 -650 16.90 0.87 .384
Parents Employed 0.01 5.40 518 -474 1555 1.04 297
Parental Education (1-21) 0.05 4.56 111 238 6.74 411 <.001
Subjective Family Socioeconomic Status (0-1) 0.01 16,50 15.73 -14.33 47.33 1.05 294
Family Income (1-10) 0.06 5.40 150 247 8.34 3.61 <.001
Neighborhood Income -0.03 -0.17 0.08 -032 -002 -219 .028

Outcome: right amygdala volume

Table 4 reports the results of two pooled sample regression models with left amygdala volume as the
outcome. Model 1, which only included race and ethnicity with confounders (age, sex, and marital status),
showed that race and ethnicity are associated with left amygdala volume. Model 2 showed that family

SES partially mediates the effects of race and ethnicity on left amygdala volume.

Table 4. Regression Models for Left Amygdala Volume (n = 8977)

Beta b SE 95% ClI T p

Model 1

Race (Other) -0.06 -4583 856 -62.62 -29.05 -535 <.001
Race (Black) -0.15 -89.09 6.30 -101.43 -76.75 -14.15 <.001
Ethnicity (Latino) -0.05 -31.33 6.04 -4317 -1950 -5.19 <.001
Sex (Male) 031 14495 454 136.04 153.85 3191 <.001
Age (Year) 0.06 26.95 455 18.03 35.87 5.92 <.001
Marital Status (Married) 0.04 2201 536 1150 3251 411 <.001
Model 2

Race (Other) -0.05 -40.38 8.61 -57.25 -2351 -4.69 <.001
Race (Black) -0.13 -77.47 6.69 -90.58 -64.35 -11.58 <.001
Ethnicity (Latino) -0.04 -21.02 635 -3345 -858 -3.31 .001
Sex (Male) 0.31 14570 453 136.81 15459 3214 <.001
Age (Year) 0.06 26.13 454 17.22 35.04 575 <.001
Marital Status (Married) 0.02 7.96 6.03 -3.87 19.79 132 .187
Parents Employed 0.02 8.46 523 -1.79 1872 1.62 .106
Parental Education (1-21) 0.03 2098 1.12 0.78 5.17 2.65 .008

Subjective Family Socioeconomic Status (0-1) 0.02 34.19 1590 3.03 65.35 2.15 .032
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Family Income (1-10) 0.04 355 151 059 6.52 2.35 .019
Neighborhood Income 0.00 -0.02 0.08 -0.17 0.14 -0.20 .842

Outcome: left amygdala volume

3.3 Sobel Test of Mediation

Our Sobel tests suggested that SES indicators operate as partial mediator variables, meaning that they
significantly carry some of the influences of race and ethnicity (independent variables) on the right and
left amygdala volume (dependent variables). As such, some of the effects of race and ethnicity on

amygdala volume are indirect and through SES (mediator variable).

4. Discussion

Two findings were observed. First, race/ethnicity and family SES are associated with the right and left
amygdala volume. Second, the smaller amygdala size of Black and Latino children than non- Latino
White children is, in part, explains the observed racial and ethnic gaps in amygdala size. However, SES
partially, not fully, mediates the racial and ethnic differences in right and left amygdala volume.

Family SES has a profound effect on the brain (Brito & Noble, 2014; Finn et al., 2017; Gonzalez et al.,
2020; K. G. Noble, 2014; K. G. Noble, Houston, Kan, & Sowell, 2012) and behavior (D’Angiulli et al.,
2012; Javanbakht et al., 2016; Javanbakht et al., 2015; P. Kim et al., 2013; Silverman et al., 2009).
Studies by Javanbakht and others have shown that high family SES shapes the amygdala function in
response to negative stimuli. The first study included 52 predominantly White subjects from a
prospective longitudinal study and established a link between high family SES (childhood poverty) and
lower amygdala response levels to threatening faces. This effect was independent of adulthood income.
They also showed a link between family SES (childhood poverty) and reduced functional connectivity
between the left amygdala and the medial prefrontal cortex (Javanbakht et al., 2015). In another study,
Javanbakht et al. documented sex differences in childhood family SES effects on amygdala activity.
They found that childhood poverty status may be correlated with amygdala reactivity to fearful faces in
females but not males (Javanbakht et al., 2016). In their third study lead by Evans, social adversities
showed cumulative (additive) effects on amygdala structure and function (including the amygdala’s
response to threatening faces) (Evans et al., 2016).

Low SES and poverty are associated with a lower level of connectivity in neural networks involved in
emotion regulation, especially for children who receive low levels of supportive parenting (Brody et al.,
2019). Childhood poverty is linked to reduced connectivity between the amygdala and putamen,
superior frontal cortex, lingual gyrus, and posterior cingulate. Childhood poverty predicts connectivity
between the right lingual gyrus and the right amygdala; these brain connectivity indicators explain why
early poverty predicts childhood depression (Barch et al., 2016).

Our study findings suggested that some of the racial and ethnic variations on brain structure are due to

SES. We found that SES partially explains why racial and ethnic minorities have a smaller amygdala size.
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Theoretically speaking, one mechanism that can explain the results is everyday exposure of Black and
Latino families to discrimination (Assari, Gibbons, & Simons, 2018; Assari & Lankarani, 2017; Assari,
Lankarani, & Caldwell, 2018; Assari, Miller, et al., 2018; Assari, Moghani Lankarani, & Caldwell, 2017).
We, however, did not test discrimination in the data set for a few reasons. In a study, chronic
discrimination was associated with altered connections between the amygdala and other brain regions
such as the insula, putamen, caudate, medial frontal gyrus, and anterior cingulate (Clark et al., 2018).

It should be emphasized again that similar to SES, we see race and ethnicity as social factors (as
proxies of racism, social stratification, exposure to stress, and blocked opportunities). In other terms,
race and SES reflect how and individuals and groups are treated by society. We specifically focused on
the amygdala, which shapes social relations and emaotion processing/ regulation. The amygdala’s small
size (shrink amygdala) is reported in psychopathologies and chronic exposure to stress (MacMaster et
al., 2008).

For our study, we included separate SES indicators rather than a summary score. Future research could
create a summary SES score by running principal component analysis. Such an approach could resultin a

different level of the explanatory power of SES.

5. Conclusions

In summary, low family and neighborhood SES indicators partially explain why racial and ethnic
minority status is correlated with smaller amygdala volume. That means some of the racial and ethnic
differences observed in brain structures are shaped by economic disadvantages that racial and ethnic

minorities, particularly Black and Latino families, experience.

ABCD Acknowledgment and Funding: The ABCD Study is supported by the National Institutes of
Health and additional federal partners under award numbers U01DA041022, U01DA041028,
U01DA041048, U01DA041089, UO1DA041106, UO1DA041117, U01DA041120, U01DA041134,
U01DA041148, UO1DA041156, U0O1DA041174, U24DA041123, U24DA041147, U01DA041093, and
U01DA041025. A full list of supporters is available at https://abcdstudy.org/federal-partners.html. A
listing of participating sites and a complete listing of the study investigators can be found at
https://abcdstudy.org/Consortium_Members.pdf. ABCD consortium investigators designed and
implemented the study and provided data but did not necessarily participate in the analysis or writing of
this report. This manuscript reflects the views of the authors and may not reflect the opinions or views of
the NIH or ABCD consortium investigators. The ABCD data repository grows and changes over time.
The current paper used the Curated Annual Release 2.0, also defined in NDA Study 634
(https://doi.org/10.15154/1503209).

Author Funding: Support received from the following NIH grants: 2U54MD007598, U54 TR001627;
CA201415-02, 5521MD000103, R25 MD007610, 4P60MD006923, and 54MD008149.

Conflicts of Interest: None.

71
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

References

Alcohol Research: Current Reviews Editorial, S. (2018). NIH’s Adolescent Brain Cognitive
Development (ABCD) Study. Alcohol Res, 39(1), 97.

Assari, S. (2018a). Parental Education Attainment and Educational Upward Mobility; Role of Race and
Gender. Behav Sci (Basel), 8(11). https://doi.org/10.3390/bs8110107

Assari, S. (2018). Parental Education Better Helps White than Black Families Escape Poverty: National
Survey of Children’s Health. Economies, 6(2), 30. https://doi.org/10.3390/economies6020030

Assari, S. (2018b). Parental Educational Attainment and Mental Well-Being of College Students;
Diminished Returns of Blacks. Brain Sci, 8(11). https://doi.org/10.3390/brainsci8110193

Assari, S., & Bazargan, M. (2019). Unequal Associations between Educational Attainment and
Occupational Stress across Racial and Ethnic Groups. International journal of environmental
research and public health, 16(19), 3539. https://doi.org/10.3390/ijerph16193539

Assari, S., & Bazargan, M. (2019). Unequal Effects of Educational Attainment on Workplace Exposure
to Second-Hand Smoke by Race and Ethnicity; Minorities’ Diminished Returns in the National
Health Interview Survey (NHIS). J Med Res Innov, 3(2). https://doi.org/10.32892/jmri.179

Assari S, B. M. (2019). Second-hand exposure home Second-Hand Smoke Exposure at Home in the
United States; Minorities> Diminished Returns. Int J Travel Med Glob Health, 7(3).
https://doi.org/10.15171/ijtmgh.2019.28

Assari, S., Boyce, S., & Bazargan, M. (2020). Subjective Socioeconomic Status and Children’s
Amygdala Volume: Minorities’ Diminish Returns. NeuroSci, 1(2), 59-74.

Assari, S., Gibbons, F. X., & Simons, R. (2018). Depression among Black Youth; Interaction of Class
and Place. Brain Sci, 8(6). https://doi.org/10.3390/brainsci8060108

Assari, S., & Lankarani, M. M. (2017). Discrimination and Psychological Distress: Gender Differences
among Arab Americans. Front Psychiatry, 8, 23. https://doi.org/10.3389/fpsyt.2017.00023

Assari, S., Lankarani, M. M., & Caldwell, C. H. (2018). Does Discrimination Explain High Risk of
Depression among High-Income African American Men? Behav Sci (Basel), 8(4).
https://doi.org/10.3390/bs8040040

Assari, S., Miller, R. J., Taylor, R. J., Mouzon, D., Keith, V., & Chatters, L. M. (2018). Discrimination
Fully Mediates the Effects of Incarceration History on Depressive Symptoms and Psychological
Distress Among African American Men. J Racial Ethn Health Disparities, 5(2), 243-252.
https://doi.org/10.1007/s40615-017-0364-y

Assari, S., Moghani Lankarani, M., & Caldwell, C. H. (2017). Discrimination Increases Suicidal
Ideation in Black Adolescents Regardless of Ethnicity and Gender. Behav Sci (Basel), 7(4).
https://doi.org/10.3390/bs7040075

Assari, S., Preiser, B., Lankarani, M. M., & Caldwell, C. H. (2018). Subjective Socioeconomic Status
Moderates the Association between Discrimination and Depression in African American Youth.

Brain Sci, 8(4). https://doi.org/10.3390/brainsci8040071

72
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Assari, S., Smith, J., Mistry, R., Farokhnia, M., & Bazargan, M. (2019). Substance Use among
Economically Disadvantaged African American Older Adults; Objective and Subjective
Socioeconomic Status. Int J Environ Res Public Health, 16(10).
https://doi.org/10.3390/ijerph16101826

Auchter, A. M., Hernandez Mejia, M., Heyser, C. J., Shilling, P. D., Jernigan, T. L., Brown, S. A,, . ..
Dowling, G. J. (2018). A description of the ABCD organizational structure and communication
framework. Dev Cogn Neurosci, 32, 8-15. https://doi.org/10.1016/j.dcn.2018.04.003

Barch, D., Pagliaccio, D., Belden, A., Harms, M. P., Gaffrey, M., Sylvester, C. M., . . . Luby, J. (2016).
Effect of Hippocampal and Amygdala Connectivity on the Relationship Between Preschool
Poverty and School-Age  Depression. Am J  Psychiatry, 173(6), 625-634.
https://doi.org/10.1176/appi.ajp.2015.15081014

Barreto, S. M., de Figueiredo, R. C., & Giatti, L. (2013). Socioeconomic inequalities in youth smoking
in Brazil. BMJ Open, 3(12), e003538. https://doi.org/10.1136/bmjopen-2013-003538

Berger, M., & Sarnyai, Z. (2015). “More than skin deep”: Stress neurobiology and mental health
consequences of racial discrimination. Stress, 18(1), 1-10.

Betancourt, L. M., Avants, B., Farah, M. J., Brodsky, N. L., Wu, J., Ashtari, M., & Hurt, H. (2016).
Effect of socioeconomic status (SES) disparity on neural development in female
African-American  infants at age 1 month. Dev Sci, 19(6), 947-956.
https://doi.org/10.1111/desc.12344

Boe, T., Petrie, K. J., Sivertsen, B., & Hysing, M. (2019). Interplay of subjective and objective economic
well-being on the mental health of Norwegian adolescents. SSM Popul Health, 9, 100471.
https://doi.org/10.1016/j.ssmph.2019.100471

Brito, N. H., & Noble, K. G. (2014). Socioeconomic status and structural brain development. Front
Neurosci, 8, 276. https://doi.org/10.3389/fnins.2014.00276

Brody, G. H., Yu, T., Nusslock, R., Barton, A. W., Miller, G. E., Chen, E., . . . Sweet, L. H. (2019).
The Protective Effects of Supportive Parenting on the Relationship Between Adolescent Poverty
and Resting-State Functional Brain Connectivity During Adulthood. Psychol Sci,
956797619847989. https://doi.org/10.1177/0956797619847989

Calem, M., Bromis, K., McGuire, P., Morgan, C., & Kempton, M. J. (2017). Meta-analysis of
associations between childhood adversity and hippocampus and amygdala volume in non-clinical
and general population samples. Neuroimage Clin, 14, 471-479.
https://doi.org/10.1016/j.nicl.2017.02.016

Casey, B. J., Cannonier, T., Conley, M. 1., Cohen, A. O., Barch, D. M., Heitzeg, M. M., . . . Workgroup,
A. I. A. (2018). The Adolescent Brain Cognitive Development (ABCD) study: Imaging
acquisition across 21 sites. Dev Cogn Neurosci, 32, 43-54,
https://doi.org/10.1016/j.dcn.2018.03.001

73
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Chassin, L., Presson, C. C., Sherman, S. J., & Edwards, D. A. (1992). Parent educational attainment
and adolescent cigarette smoking. J Subst Abuse, 4(3), 219-234.
https://doi.org/10.1016/0899-3289(92)90031-R

Chen, E., & Paterson, L. Q. (2006). Neighborhood, family, and subjective socioeconomic status: How
do they relate to adolescent health? Health  Psychol, 25(6), 704-714.
https://doi.org/10.1037/0278-6133.25.6.704

Clark, U. S., Miller, E. R., & Hegde, R. R. (2018). Experiences of Discrimination Are Associated With
Greater Resting Amygdala Activity and Functional Connectivity. Biol Psychiatry Cogn Neurosci
Neuroimaging, 3(4), 367-378. https://doi.org/10.1016/j.bpsc.2017.11.011

D’Angiulli, A., Lipina, S. J., & Olesinska, A. (2012). Explicit and implicit issues in the developmental
cognitive  neuroscience of social inequality. Front Hum Neurosci, 6, 254.
https://doi.org/10.3389/fnhum.2012.00254

Denney, J. T., Rogers, R. G., Krueger, P. M., & Wadsworth, T. (2009). Adult suicide mortality in the
United States: marital status, family size, socioeconomic status, and differences by sex. Social
science quarterly, 90(5), 1167-1185.

Di, X., Huang, J., & Biswal, B. B. (2017). Task modulated brain connectivity of the amygdala: a
meta-analysis of psychophysiological interactions. Brain Struct Funct, 222(1), 619-634.
https://doi.org/10.1007/s00429-016-1239-4

Dotterer, H. L., Hyde, L. W., Swartz, J. R., Hariri, A. R., & Williamson, D. E. (2017). Amygdala
reactivity predicts adolescent antisocial behavior but not callous-unemotional traits. Dev Cogn
Neurosci, 24, 84-92. https://doi.org/10.1016/j.dcn.2017.02.008

Duran, A. C., Diez Roux, A. V., Latorre Mdo, R., & Jaime, P. C. (2013). Neighborhood socioeconomic
characteristics and differences in the availability of healthy food stores and restaurants in Sao Paulo,
Brazil. Health Place, 23, 39-47. https://doi.org/10.1016/j.healthplace.2013.05.001

Eisenberg, D., Gollust, S. E., Golberstein, E., & Hefner, J. L. (2007). Prevalence and correlates of
depression, anxiety, and suicidality among university students. Am J Orthopsychiatry, 77(4),
534-542. https://doi.org/10.1037/0002-9432.77.4.534

Evans, G. W., Swain, J. E., King, A. P., Wang, X., Javanbakht, A., Ho, S. S., . . . Liberzon, I. (2016).
Childhood Cumulative Risk Exposure and Adult Amygdala Volume and Function. J Neurosci Res,
94(6), 535-543. https://doi.org/10.1002/jnr.23681

Fan, C. C., Bartsch, H., Schork, A. J., Chen, C.-H., Wang, Y., Lo, M.-T., . . . Schork, N. J. (2015).
Modeling the 3D geometry of the cortical surface with genetic ancestry. Current Biology, 25(15),
1988-1992.

Finn, A. S, Minas, J. E., Leonard, J. A., Mackey, A. P., Salvatore, J., Goetz, C., . . . Gabrieli, J. D. E.
(2017). Functional brain organization of working memory in adolescents varies in relation to

family income and academic achievement. Dev Sci, 20(5). https://doi.org/10.1111/desc.12450

74
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Firk, C., Dahmen, B., Lehmann, C., Herpertz-Dahlmann, B., & Konrad, K. (2018). Down-regulation of
amygdala response to infant crying: A role for distraction in maternal emotion regulation. Emotion,
18(3), 412-423. https://doi.org/10.1037/emo0000373

Fowler, C. H., Miernicki, M. E., Rudolph, K. D., & Telzer, E. H. (2017). Disrupted
amygdala-prefrontal connectivity during emotion regulation links stress-reactive rumination and
adolescent depressive symptoms. Dev Cogn Neurosci, 217, 99-106.
https://doi.org/10.1016/j.dcn.2017.09.002

Garavan, H., Bartsch, H., Conway, K., Decastro, A., Goldstein, R. Z., Heeringa, S., . . . Zahs, D. (2018).
Recruiting the ABCD sample: Design considerations and procedures. Dev Cogn Neurosci, 32,
16-22. https://doi.org/10.1016/j.dcn.2018.04.004

Gard, A. M., Shaw, D. S., Forbes, E. E., & Hyde, L. W. (2018). Amygdala reactivity as a marker of
differential susceptibility to socioeconomic resources during early adulthood. Dev Psychol, 54(12),
2341-2355. https://doi.org/10.1037/dev0000600

Gard, A. M., Waller, R., Swartz, J. R., Shaw, D. S., Forbes, E. E., & Hyde, L. W. (2018). Amygdala
functional connectivity during socioemotional processing prospectively predicts increases in
internalizing symptoms in a sample of low-income, urban, young men. Neuroimage, 178, 562-573.
https://doi.org/10.1016/j.neuroimage.2018.05.079

Gerra, G., Benedetti, E., Resce, G., Potente, R., Cutilli, A., & Molinaro, S. (2020). Socioeconomic
Status, Parental Education, School Connectedness and Individual Socio-Cultural Resources in
Vulnerability for Drug Use among Students. Int J Environ Res Public Health, 17(4).
https://doi.org/10.3390/ijerph17041306

Gilliam, M., Forbes, E. E., Gianaros, P. J., Erickson, K. 1., Brennan, L. M., & Shaw, D. S. (2015).
Maternal depression in childhood and aggression in young adulthood: Evidence for mediation by
offspring amygdala-hippocampal volume ratio. J Child Psychol Psychiatry, 56(10), 1083-1091.
https://doi.org/10.1111/jcpp.12364

Gonzalez, M. R., Palmer, C. E., Uban, K. A., Jernigan, T. L., Thompson, W. K., & Sowell, E. R.
(2020). Positive Economic, Psychosocial, and Physiological Ecologies Predict Brain Structure and
Cognitive Performance in 9-10-Year-Old Children. Frontiers in Human Neuroscience, 14(436).
https://doi.org/10.3389/fnhum.2020.578822

Gottlich, M., Kramer, U. M., Kordon, A., Hohagen, F., & Zurowski, B. (2015). Resting-state
connectivity of the amygdala predicts response to cognitive behavioral therapy in obsessive
compulsive disorder. Biol Psychol, 111, 100-109. https://doi.org/10.1016/j.biopsycho.2015.09.004

Hair, N. L., Hanson, J. L., Wolfe, B. L., & Pollak, S. D. (2015). Association of Child Poverty, Brain
Development, and Academic  Achievement. JAMA  Pediatr, 169(9), 822-829.
https://doi.org/10.1001/jamapediatrics.2015.1475

75
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Hare, T. A., Tottenham, N., Davidson, M. C., Glover, G. H., & Casey, B. J. (2005). Contributions of
amygdala and striatal activity in emotion regulation. Biol Psychiatry, 57(6), 624-632.
https://doi.org/10.1016/j.biopsych.2004.12.038

Harnett, N. G. (2020). Neurobiological consequences of racial disparities and environmental risks: a
critical gap in understanding psychiatric disorders. Neuropsychopharmacology, 1-4.

Harnett, N. G., Wheelock, M. D., Wood, K. H., Goodman, A. M., Mrug, S., Elliott, M. N,, . . . Knight,
D. C. (2019). Negative life experiences contribute to racial differences in the neural response to
threat. Neuroimage, 202, 116086.

Heshmat, R., Qorbani, M., Ghoreshi, B., Djalalinia, S., Tabatabaie, O. R., Safiri, S., . . . Kelishadi, R.
(2016). Association of socioeconomic status with psychiatric problems and violent behaviours in a
nationally representative sample of Iranian children and adolescents: the CASPIAN-IV study.
BMJ Open, 6(8), e011615. https://doi.org/10.1136/bmjopen-2016-011615

Izuma, K., Aoki, R., Shibata, K., & Nakahara, K. (2019). Neural signals in amygdala predict implicit
prejudice toward an ethnic outgroup. Neuroimage, 189, 341-352.
https://doi.org/10.1016/j.neuroimage.2019.01.019

Javanbakht, A., Kim, P., Swain, J. E., Evans, G. W., Phan, K. L., & Liberzon, I. (2016). Sex-Specific
Effects of Childhood Poverty on Neurocircuitry of Processing of Emotional Cues: A
Neuroimaging Study. Behav Sci (Basel), 6(4). https://doi.org/10.3390/bs6040028

Javanbakht, A., King, A. P., Evans, G. W., Swain, J. E., Angstadt, M., Phan, K. L., & Liberzon, I.
(2015). Childhood Poverty Predicts Adult Amygdala and Frontal Activity and Connectivity in

Response to Emotional Faces. Front Behav Neurosci, 9, 154.
https://doi.org/10.3389/fnbeh.2015.00154
Jha, S. C., Xia, K., Ahn, M., Girault, J. B., Li, G., Wang, L., . . . Knickmeyer, R. C. (2019).

Environmental Influences on Infant Cortical Thickness and Surface Area. Cereb Cortex, 29(3),
1139-1149. https://doi.org/10.1093/cercor/bhy020

Kaleta, D., Usidame, B., Dziankowska-Zaborszczyk, E., & Makowiec-Dabrowska, T. (2015).
Socioeconomic Disparities in Age of Initiation and Ever Tobacco Smoking: Findings from
Romania. Cent Eur J Public Health, 23(4), 299-305. https://doi.org/10.21101/cejph.a4067

Karcher, N. R., O’Brien, K. J., Kandala, S., & Barch, D. M. (2019). Resting-State Functional
Connectivity and Psychotic-like Experiences in Childhood: Results From the Adolescent Brain
Cognitive Development Study. Biol Psychiatry, 86(1), 7-15.
https://doi.org/10.1016/j.biopsych.2019.01.013

Kim, D., Diez Roux, A. V., Kiefe, C. I., Kawachi, I., & Liu, K. (2010). Do neighborhood socioeconomic
deprivation and low social cohesion predict coronary calcification?: The CARDIA study. Am J
Epidemiol, 172(3), 288-298. https://doi.org/10.1093/aje/kwq098

76
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Kim, P., Evans, G. W., Angstadt, M., Ho, S. S., Sripada, C. S., Swain, J. E., . . . Phan, K. L. (2013).
Effects of childhood poverty and chronic stress on emotion regulatory brain function in adulthood.
Proc Natl Acad Sci U S A, 110(46), 18442-18447. https://doi.org/10.1073/pnas.1308240110

Kocaoglu, B., Moschonis, G., Dimitriou, M., Kolotourou, M., Keskin, Y., Sur, H., . . . Manios, Y.
(2005). Parental educational level and cardiovascular disease risk factors in schoolchildren in
large urban areas of Turkey: Directions for public health policy. BMC Public Health, 5, 13.
https://doi.org/10.1186/1471-2458-5-13

Lawson, G. M., Duda, J. T., Avants, B. B., Wu, J., & Farah, M. J. (2013). Associations between
children’s socioeconomic status and prefrontal cortical thickness. Dev Sci, 16(5), 641-652.
https://doi.org/10.1111/desc.12096

Linetzky, B., Mejia, R., Ferrante, D., De Maio, F. G., & Diez Roux, A. V. (2012). Socioeconomic
status and tobacco consumption among adolescents: a multilevel analysis of Argentina’s Global
Youth Tobacco Survey. Nicotine Tob Res, 14(9), 1092-1099. https://doi.org/10.1093/ntr/nts004

Lisdahl, K. M., Sher, K. J., Conway, K. P., Gonzalez, R., Feldstein Ewing, S. W., Nixon, S. J., . ..
Heitzeg, M. (2018). Adolescent brain cognitive development (ABCD) study: Overview of
substance use assessment methods. Dev Cogn Neurosci, 32, 80-96.
https://doi.org/10.1016/j.dcn.2018.02.007

Luciana, M., Bjork, J. M., Nagel, B. J., Barch, D. M., Gonzalez, R., Nixon, S. J., & Banich, M. T.
(2018). Adolescent neurocognitive development and impacts of substance use: Overview of the
adolescent brain cognitive development (ABCD) baseline neurocognition battery. Dev Cogn
Neurosci, 32, 67-79. https://doi.org/10.1016/j.dcn.2018.02.006

MacMaster, F. P., Mirza, Y., Szeszko, P. R., Kmiecik, L. E., Easter, P. C., Taormina, S. P., . . .
Rosenberg, D. R. (2008). Amygdala and hippocampal volumes in familial early onset major
depressive disorder. Biological Psychiatry, 63(4), 385-390.

Marshall, A. T., Betts, S., Kan, E. C., McConnell, R., Lanphear, B. P., & Sowell, E. R. (2020).
Association of lead-exposure risk and family income with childhood brain outcomes. Nat Med,
26(1), 91-97. https://doi.org/10.1038/s41591-019-0713-y

Masten, C. L., Telzer, E. H., & Eisenberger, N. I. (2011). An FMRI investigation of attributing
negative social treatment to racial discrimination. J Cogn Neurosci, 23(5), 1042-1051.
https://doi.org/10.1162/jocn.2010.21520

McLachlan, K., Zhou, D., Little, G., Rasmussen, C., Pei, J., Andrew, G., . .. Beaulieu, C. (2020). Current
Socioeconomic Status Correlates With Brain Volumes in Healthy Children and Adolescents but Not
in Children With Prenatal Alcohol Exposure. Front Hum Neurosci, 14, 223.
https://doi.org/10.3389/fnhum.2020.00223

Mendelson, T., Kubzansky, L. D., Datta, G. D., & Buka, S. L. (2008). Relation of female gender and low
socioeconomic status to internalizing symptoms among adolescents: A case of double jeopardy?

Soc Sci Med, 66(6), 1284-1296. https://doi.org/10.1016/j.socscimed.2007.11.033

7
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Merz, E. C., Tottenham, N., & Noble, K. G. (2018). Socioeconomic Status, Amygdala VVolume, and
Internalizing Symptoms in Children and Adolescents. J Clin Child Adolesc Psychol, 47(2),
312-323. https://doi.org/10.1080/15374416.2017.1326122

Moadab, G., Bliss-Moreau, E., Bauman, M. D., & Amaral, D. G. (2017). Early amygdala or
hippocampus damage influences adolescent female social behavior during group formation. Behav
Neurosci, 131(1), 68-82. https://doi.org/10.1037/bne0000181

Moon, C. (1987). Subjective economic status, sex role attitudes, fertility, and mother’s work. Ingu
Pogon Nonjip, 7(1), 177-196.

Moore, G. F., & Littlecott, H. J. (2015). School- and family-level socioeconomic status and health
behaviors: Multilevel analysis of a national survey in wales, United Kingdom. J Sch Health, 85(4),
267-275. https://doi.org/10.1111/josh.12242

Morawetz, C., Bode, S., Baudewig, J., & Heekeren, H. R. (2017). Effective amygdala-prefrontal
connectivity predicts individual differences in successful emotion regulation. Soc Cogn Affect
Neurosci, 12(4), 569-585. https://doi.org/10.1093/scan/nsw169

Noble, K. G. (2014). Rich man, poor man; Socioeconomic adversity and brain development. Cerebrum,
2014, 6.

Noble, K. G., Houston, S. M., Brito, N. H., Bartsch, H., Kan, E., Kuperman, J. M., . . . Libiger, O.
(2015). Family income, parental education and brain structure in children and adolescents. Nature
neuroscience, 18(5), 773.

Noble, K. G., Houston, S. M., Kan, E., & Sowell, E. R. (2012). Neural correlates of socioeconomic
status in the developing human brain. Dev Sci, 15(4), 516-527.
https://doi.org/10.1111/j.1467-7687.2012.01147.Xx

Nordstrom, C. K., Diez Roux, A. V., Jackson, S. A., Gardin, J. M., & Cardiovascular Health, S. (2004).
The association of personal and neighborhood socioeconomic indicators with subclinical
cardiovascular disease in an elderly cohort. The cardiovascular health study. Soc Sci Med, 59(10),
2139-2147. https://doi.org/10.1016/j.socscimed.2004.03.017

Oshri, A., Hallowell, E., Liu, S., MacKillop, J., Galvan, A., Kogan, S. M., & Sweet, L. H. (2019).
Socioeconomic hardship and delayed reward discounting: Associations with working memory and
emotional reactivity. Dev Cogn Neurosci, 37, 100642. https://doi.org/10.1016/j.dcn.2019.100642

Padilla-Moledo, C., Ruiz, J. R., & Castro-Pinero, J. (2016). Parental educational level and
psychological positive health and health complaints in Spanish children and adolescents. Child
Care Health Dev, 42(4), 534-543. https://doi.org/10.1111/cch.12342

Palma-Coca, O., Hernandez-Serrato, M. 1., Villalobos-Hernandez, A., Unikel-Santoncini, C.,
Olaiz-Fernandez, G., & Bojorquez-Chapela, I. (2011). Association of socioeconomic status,
problem behaviors, and disordered eating in Mexican adolescents: Results of the Mexican
National Health and Nutrition Survey 2006. J Adolesc Health, 49(4), 400-406.

https://doi.org/10.1016/j.jadohealth.2011.01.019

78
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/sssr Studies in Social Science Research Vol. 1, No. 2, 2020

Piccolo, L. R., Merz, E. C., He, X., Sowell, E. R., Noble, K. G., & Pediatric Imaging, N. G. S. (2016).
Age-Related Differences in Cortical Thickness Vary by Socioeconomic Status. PLoS One, 11(9),
e0162511. https://doi.org/10.1371/journal.pone.0162511

Preacher, K. J., & Leonardelli, G. J. (2001). Calculation for the Sobel test.

Silveira, C. M., Siu, E. R., Anthony, J. C., Saito, L. P., de Andrade, A. G., Kutschenko, A., . . .
Andrade, L. H. (2014). Drinking patterns and alcohol use disorders in Sao Paulo, Brazil: The role
of neighborhood social deprivation and socioeconomic status. PLoS One, 9(10), e108355.
https://doi.org/10.1371/journal.pone.0108355

Silverman, M. E., Muennig, P., Liu, X., Rosen, Z., & Goldstein, M. A. (2009). The impact of
socioeconomic status on the neural substrates associated with pleasure. Open Neuroimag J, 3,
58-63. https://doi.org/10.2174/1874440000903010058

Sirin, S. R. (2005). Socioeconomic status and academic achievement: A meta-analytic review of
research. Review of educational research, 75(3), 417-453.

Szczepanik, J., Nugent, A. C., Drevets, W. C., Khanna, A., Zarate, C. A., Jr., & Furey, M. L. (2016).
Amygdala response to explicit sad face stimuli at baseline predicts antidepressant treatment
response to scopolamine in major depressive disorder. Psychiatry Res Neuroimaging, 254, 67-73.
https://doi.org/10.1016/j.pscychresns.2016.06.005

Venta, A., Sharp, C., Patriquin, M., Salas, R., Newlin, E., Curtis, K., . . . Frueh, B. C. (2018).
Amygdala-frontal connectivity predicts internalizing symptom recovery among inpatient
adolescents. J Affect Disord, 225, 453-459. https://doi.org/10.1016/j.jad.2017.08.064

Wright, C. E., & Steptoe, A. (2005). Subjective socioeconomic position, gender and cortisol responses
to waking in an elderly population. Psychoneuroendocrinology, 30(6), 582-590.
https://doi.org/10.1016/j.psyneuen.2005.01.007

Wu, X., Zou, Q., Hu, J., Tang, W., Mao, Y., Gao, L., . .. Yang, Y. (2015). Intrinsic Functional
Connectivity Patterns Predict Consciousness Level and Recovery Outcome in Acquired Brain
Injury. J Neurosci, 35(37), 12932-12946. https://doi.org/10.1523/JNEUROSCI.0415-15.2015

Yaple, Z. A., & Yu, R. (2019). Functional and Structural Brain Correlates of Socioeconomic Status.
Cereb Cortex. https://doi.org/10.1093/cercor/bhz080

Ye, Z., Wen, M., Wang, W., & Lin, D. (2020). Subjective family socio-economic status, school social
capital, and positive youth development among young adolescents in China: A multiple mediation
model. Int J Psychol, 55(2), 173-181. https://doi.org/10.1002/ijop.12583

Yildiz, M., Demirhan, E., & Gurbuz, S. (2019). Contextual Socioeconomic Disadvantage and
Adolescent Suicide Attempts: A Multilevel Investigation. J Youth Adolesc, 48(4), 802-814.
https://doi.org/10.1007/s10964-018-0961-z

79
Published by SCHOLINK INC.



