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Abstract: The study aimed to investigate sex differences in the boosting effects of household income
on children’s executive function in the US. This is a cross-sectional study using data from Wave 1
of the Adolescent Brain Cognitive Development (ABCD) study. Wave 1 ABCD included 8608
American children between ages 9 and 10 years old. The independent variable was household
income. The primary outcome was executive function measured by the stop-signal task. Overall,
high household income was associated with higher levels of executive function in the children.
Sex showed a statistically significant interaction with household income on children’s executive
function, indicating a stronger effect of high household income for female compared to male children.
Household income is a more salient determinant of executive function for female compared to
male American children. Low-income female children remain at the highest risk regarding poor
executive function.
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1. Introduction
Among the most salient social determinants of children’s behavioral and developmental outcomes
is socioeconomic position (SEP) [1–3]. Among various SEP indicators is household income, which is
one of the most influential social determinants of children’s outcomes across domains [4–7]. Families
with high-income report higher levels of parental involvement, which boosts a wide range of children’s
desired outcomes [8–12].
Household income is a predictor of a wide range of positive children’s behavioral outcomes [4–7].
Children from high-income families are less likely to experience various types of stress and associated
behavioral and health problems [13–15]. Income may partially explain some of the existing gaps in
children’s behavioral outcomes between marginalized and privileged groups [16–19]. If income is
partially responsible for the existing gaps, then reducing the income gap through income redistribution
policies and empowering marginalized groups to secure more income should be regarded as the
primary strategy for addressing the social inequalities that we observe between social groups [20,21].
Suppose income has differential effects on the outcomes of various sub-groups. In that case,
income may also operate as a source, rather than a solution, of the existing inequalities [22,23].
The marginalization-related diminished returns (MDRs) literature shows that household income and
other SEP indicators [24] generate unequal outcomes for racial and ethnic subgroups. As shown by
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the MDRs [25,26], social marginalization reduces the impact of SEP indicators such as income on
generating tangible behavioral outcomes. For example, children who are members of a disadvantaged
group show weaker effects of household income and other SEP indicators on children’s behavioral
outcomes. The same is shown for race [25,26], ethnicity [24,27,28], sexual orientation [29], nativity [23],
place [30], and sex [31,32]. In all these cases, the socially marginalized group shows weaker effects
of income and other SEP indicators on behaviors [24]. Any marginalized group may face more
difficulties leveraging their resources and working with social systems to secure measurable and
desirable behavioral outcomes when SEP indicators such as education are available [26]. For example,
marginalized groups gain less from their existing resources.
Some research has shown that SEP indicators may have some sex-specific effects on brain
function [33]. Javanbakht et al. (2016) [34] and Kim et al. (2018) [35] found larger effects of household
income on the brain function of female children than male children; Whittle and colleagues (2014) [36]
and McDermott and colleagues (2019) [37] showed boys to be more sensitive than girls to a variety
of environmental inputs. Thus, while sex differences in SEP effects on brain development are likely,
the direction of these sex differences may depend on brain structure and function. The literature seems
to be mixed on this matter.
Executive function is a set of mental skills that include working memory, flexible thinking,
and self-control [38,39]. While memory and flexible thinking reflect other dimensions of executive
function, response time, correct go responses to “go signals”, and correct stops to stop signs all reflect a
domain of executive function that is associated with motor control, inhibiting, impulsivity, and response
time [40–44]. Executive “brake failure” following executive control of response inhibition as well
as the fast response to the go signals all reflect aspects of executive function [45,46]. These aspects
of executive function can be measured using Stroop task [47], go/no-go [48–50], and stop-signal
task [45,46]. While trauma reduces executive function [51], high SEP is closely associated with better
executive function [38,52]. Executive function may mediate the effect of SEP on school performance
and cognitive performance. Similarly, executive function reflects structure and functional aspects of
the brain cortex and white matter [44,53,54]. To give examples, executive function is linked to cortical
thickness [41,55], cortical function [53], white matter structure and volume [44,53,54], and functional
connectivity between various brain regions, and cortex [42].
Aims
In this investigation, we compared male and female children for the effects of household income
on children’s executive function. While high household income was expected to be associated with
higher executive function, this effect is expected to be more salient for males than females. The male sex
was conceptualized as an indicator of social privilege. Stronger effects of SEP indicators for males than
females were shown by Whittle and colleagues (2014) [36] and McDermott and colleagues (2019) [37].
2. Materials and Methods
2.1. Design, Setting, and Sampling
This cross-sectional study was a secondary analysis of existing data. We borrowed data from the
Adolescent Brain Cognitive Development (ABCD) study [56–60]. The ABCD is a national children’s
brain development study with a broad sample, diversified based on race, ethnicity, sex, and SEP [56,61].
Participants were recruited from multiple cities across various states in the US. This sample was
enrolled through the US school system. The recruitment catchment area of the ABCD, which was
composed of 21 participating sites, encompasses more than 20% of the entire United States population
of 9–10-year-old children. The ABCD applied a carefully designed sampling and recruitment process
across various sites, described elsewhere [56,57,59,61–74], to ensure that the sample is random and
representative. Such local randomization efforts yielded a final overall ABCD sample that is a close
approximation of national sociodemographic factors. These sociodemographic factors include race and
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representative.
Such local randomization efforts yielded a final overall ABCD sample that is a close
approximation of national sociodemographic factors. These sociodemographic factors include race
and ethnicity, age, sex, SEP, and urbanicity. The SEP target in the ABCD has two sources: (1) the
ethnicity, age, sex, SEP, and urbanicity. The SEP target in the ABCD has two sources: (1) the American
American Community Survey (ACS) and (2) annual 3rd and 4th-grade school enrollment. A full
Community Survey (ACS) and (2) annual 3rd and 4th-grade school enrollment. A full description of the
description of the ABCD sample and sampling is published here [75]. The first is a large-scale survey
ABCD sample and sampling is published here [75]. The first is a large-scale survey of approximately
of approximately 3.5 million households conducted annually by the US Census Bureau. The second
3.5 million households conducted annually by the US Census Bureau. The second data is maintained
data is maintained by the National Center for Education Statistics (NCES), which is affiliated with
by the National Center for Education Statistics (NCES), which is affiliated with the US Department
the US Department of Education.
of Education.
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2.2.3. Independent Variable
2.2.3. Independent Variable
Household income. Household income was a three-level categorical variable. The item used
Household income. Household income was a three-level categorical variable. The item used to
to measure household income was “What is your total combined household income for the past
measure household income was “What is your total combined household income for the past 12
12 months? This should include income (before taxes and deductions) from all sources, wages, rent from
properties, social security, disability and veteran’s benefits, unemployment benefits, workman”.
Responses included 1 = less than $50,000; 2 = $50,000 to $99,000; 3 = $100,000 or more. Distribution of
our household income variable is shown in Figure 2.
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is available elsewhere [57].

Sexes 2020, 1

23

2.4. Data Analysis
2.4.1. Main Analysis
To describe our sample, we reported mean (SD) for continuous variables and frequencies and
percentages for categorical variables in the pooled sample and by age. We also used Chi square or
independent sample t test to compare male and female children for the study variables. Our main
analysis applied mixed (random) effect models that allowed adjusting for the nested nature of the data.
This analysis was performed in the Data Analysis and Exploration Portal (DEAP), National Data Archive
(NDA), National Institutes of Health (NIH). Participants were nested within families who were nested
within 21 sites. As such, our models corrected for non-independence of our observations. To conduct
mixed effect multivariable analysis, two models were performed. In both of these models, executive
function was the outcome, sex was the moderator, household income was the predictor, and covariates
(ethnicity, age, and parental marital status) and site ID and family ID were controlled. Both of these
mixed effect models were estimated in the overall/pooled sample. Model 1 (no interaction), the main
effect model, was estimated in the absence of the household income by sex interaction term. Model 2
(the interaction model) added an interaction term between sex and household income. Appendix A
shows the Model 1 and Model 2 in the DEAP system. Regression coefficient (b), SE, and p-values were
reported for each model. Graphs reflecting these results were also shown.
2.4.2. Ethical Aspect
For this study, we used a fully de-identified data set. As such, this study was exempt from a
full review of the Institutional Review Board (IRB number 1665000-1). However, the protocol of the
main study, the ABCD, was approved by the IRB at the University of California, San Diego (UCSD),
and several other institutions. Participants signed consent or assent depending on their age [61].
3. Results
Table 1 depicts the summary statistics of the pooled/overall sample. The current analysis was
performed on 8608, 9–10-year-old children of whom 51% were male and 49% were female.
Table 1. Descriptive data overall and by sex (n = 8608).
Characteristics

All
8608
Mean (SD)

Female
4220
Mean (SD)

Male
4388
Mean (SD)

p

Age

119.18 (7.46)

118.94 (7.44)

119.40 (7.46)

0.004

Executive function (mean (SD))

0.81 (0.15)

0.81 (0.15)

0.81 (0.14)

0.471

Household income
<50 K
≥50 K & <100 K
≥100 K

n (%)
2302 (26.7)
2458 (28.6)
3848 (44.7)

n (%)
1161 (27.5)
1205 (28.6)
1854 (43.9)

n (%)
1141 (26.0)
1253 (28.6)
1994 (45.4)

Race
White
Black
Asian
Other/Mixed

5891 (68.4)
1129 (13.1)
186 (2.2)
1402 (16.3)

2833 (67.1)
578 (13.7)
99 (2.3)
710 (16.8)

3058 (69.7)
551 (12.6)
87 (2.0)
692 (15.8)

0.073

Sex
Female
Male

4220 (49.0)
4388 (51.0)

4220 (100.0)
0 (0.0)

0 (0.0)
4388 (100.0)

<0.001

Married family
No
Yes

2463 (28.6)
6145 (71.4)

1252 (29.7)
2968 (70.3)

1211 (27.6)
3177 (72.4)

0.036

Hispanic
No
Yes

6998 (81.3)
1610 (18.7)

3420 (81.0)
800 (19.0)

3578 (81.5)
810 (18.5)

0.572

0.231
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Table 2 provides a summary of our two mixed-method regression models that adjusted for the
nested nature of the data. Both models were in the overall (pooled) sample. Model 1 (main effect model)
showed an effect of household income on executive function. Model 2 (interaction model) showed an
interaction term between sex and household income on executive function, suggesting that the effect
Sexes 2020, 1,
6
of household income on executive function was weaker for males than females.
No
6998 (81.3)
3420 (81.0)
3578 (81.5)
0.572
Table 2. The results of mixed effect models that adjusted for nested data.
Yes
1610 (18.7)
800 (19.0)
810 (18.5)

Characteristics

Estimate

Std. Error

t

p

Sig.

Table 2 provides a summary of our two mixed-method regression models that adjusted for the
Model 1
nested nature of the data. Both models were in the overall (pooled) sample. Model 1 (main effect
Household income
0.02987
0.00484
6.18
***
<10−6
model) showed
[≥100 K]an effect of household income on executive function. Model 2 (interaction model)
showed
an interaction
suggesting
Household
income term between sex and household income on executive function,
0.02013
0.00466
4.32
***
1.55 × 10−5
[≥50effect
K & <of100
K]
that the
household
income on executive function was weaker for males than females.
Model 2
Household income
Table 2. The0.04250
results of mixed 0.00611
effect models that 6.95
adjusted for nested
***
<10−6data.
[≥100 K]
Characteristics
Estimate Std. Error
t
p
Sig.
Household income
0.02528
0.00620
4.08
***
4.62 × 10−5
[≥50 K & < 100 K] Model 1
Sex (Male)
0.01413
0.005870.02987
2.41
0.0161502<10−6
*
Household income
[≥100 K]
0.00484
6.18
***
Household
income
Household
income [≥50 K & < 100 K]
0.02013
0.00466
4.32 1.55 × 10−5 ***
−0.02507
0.00745
−3.37
0.0007673
***
[≥100 K] × Male Model 2
HouseholdHousehold
income income [≥100 K]
***
0.04250
0.00611
6.95
<10−6
[≥50 KHousehold
& < 100 K]income−0.01061
−1.29
0.1958092
[≥50 K & < 100 K] 0.008200.02528
0.00620
4.08
4.62 × 10−5 ***
× Male
Sex (Male)
0.01413
0.00587
2.41 0.0161502
*
Household
[≥100
K]ethnicity
× Male are controlled
−0.02507
0.0007673
Age,
marital income
status, race,
and
in both0.00745
models. * p−3.37
< 0.05; ***
p < 0.001. ***
Household income [≥50 K & < 100 K] × Male −0.01061
0.00820
−1.29 0.1958092
Age, marital status, race, and ethnicity are controlled in both models. * p < 0.05; *** p < 0.001.
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Figure 4. Association between household income and children’s executive function by child sex.
Figure 4. Association between household income and children’s executive function by child sex.
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social development of diverse groups of children. Most of the research has traditionally “controlled”
for the statistical effect of sex or gender. Researchers should be aware that sex/gender may also alter
SEP indicators’ effect on behaviors and brain function and development.
4.2. Future Research
Additional research is needed on parental, social, psychological, and even biological mechanisms
that may explain why child gender or sex interfere with SEP indicators such as income on executive
function. According to the social reproduction theory, parental SEP may differently impact children’s
developmental and behavioral outcomes across social groups [91]. Furthermore, not only sex but
the intersection of race, sex, place, and class may shape the outcomes of children in the US [92].
These, however, require further research.
4.3. Methodological Limitations
A limitation of this study is the cross-sectional design. This study only investigated the MDRs of
one SEP indicator, namely household income. It is unknown if there are differential marginal returns of
other SEP indicators such as wealth, parental education, parental marital status, employment, and even
higher-level SEP indicators such as neighborhood SEP. In addition, recall bias may have affected our
variable household income, which was self-reported. Marital status, our confounder, also only had
two categories of married and unmarried. More nuanced measurements of marital status of the family,
and separating never married, partnered, and divorced families could shed more insight on the details
of how and when family structure influences children’s brain development. Future research may study
peer influences, norms, expectations, parenting, and sex hormones to explain why household income
influences male and female children differently.
5. Conclusions
High household income shows a greater influence on the executive function of girls than
boys. This means that girls from low-income families would have the poorest executive function.
However, boys with high and low incomes do not vary much in their executive function.
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Appendix A. Model Formula for Our Models
Variable Names in DEAP

Study Constructs

Model 1
tfmri_sst_all_beh_correct.go_rate ~ household.income.bl
+ race.4level + sex + married.bl + age + hisp
Random: ~(1|abcd_site/rel_family_id)
Model 2
tfmri_sst_all_beh_correct.go_rate ~ household.income.bl
+ race.4level + sex + married.bl + age + hisp +
household.income.bl * sex
Random: ~(1|abcd_site/rel_family_id)

Model 1
Executive function = household income + race +
sex + married + age + Hispanic
Random: Site + Family
Model 2
Executive function = household income + race +
sex + married + age + Hispanic + household
income x race
Random: Site + Family
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