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Abstract: While increased household income is associated with overall decreased screen time for
children, less is known about the effect of racial variation on this association. According to Minorities’
Diminished Returns (MDRs) theory, family income and other economic resources show weaker
association with children’s developmental, behavioral, and health outcomes for racialized groups
such as black families, due to the effect of racism and social stratification. In this study, we investigated
the association, by race, between family income and children’s screen time, as a proxy of screen
time. This longitudinal study followed 15,022 American children aged 9-11 over a 1-year period.
The data came from the baseline of the Adolescent Brain Cognitive Development (ABCD) study.
The independent variable was family income, and it was categorized as a three-level nominal variable.
The dependent variable, screen time, was a continuous variable. Ethnicity, gender, parental education,
and marital status were the covariates. The results showed that family income was inversely associated
with children’s screen time. However, there was a weaker inverse association seen in black families
when compared with white families. This was documented by a significant statistical interaction
between race and family income on children’s screen time. Diminished association between family
income and children’s screen time for black families, compared with white families, is similar to
MDRs and reflects a health risk to high-income black children. In a society where race and skin color
determine opportunities and treatment by society, children from middle class black families remain at
risk across multiple domains. We should not assume that income similarly promotes the health of all
racial and ethnic groups. Addressing health and behavioral inequalities requires interventions that go
beyond equalizing socioeconomic resources for black families. Marginalization, racism, and poverty
interfere with the normal family income-related development of American children.
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1. Introduction

The associations between race [1], socioeconomic status (SES) [2-4], and health behaviors are very
complex [5-7]. First, racial minorities (e.g., blacks) and low SES children show high-risk behaviors
and poor health statuses [8,9]. Second, race and SES closely overlap [10], with most racial and ethnic
minorities having lower SESs [10]. As a result, some of the black-white differences in high-risk
behaviors are not an effect of race, but the existing SES gap across racial groups. That is, a low SES may
partially explain why race or ethnicity is linked to behavior and health [11]. Fourth, some evidence
suggests that SES effects may depend on race or ethnicity, with the effects having a tendency to be
weaker for black than white families [12]. This pattern is commonly known as Minorities” Diminished
Returns (MDRs) [13,14].

According to the MDRs framework [13,14], SES indicators, such as family income, show weaker
effects on the behavior and health of black [15], Hispanic [12,16], Asian American [17], Native American [18],
and even marginalized white [19] families. In this view, racial and ethnic minority groups face additional
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difficulties; mistreatment and injustice will stay a risk despite a high SES. As a result of MDRs, we observe
higher levels of anxiety [20], depression [21], and suicide [22] in high-SES black children than what is
seen in high-SES white children.

While there is an extensive body of research documenting MDRs of parental education [23],
family income [24,25], and marital status [26] on a wide range of developmental, health, emotional,
and behavioral outcomes [21,23-25], we are not aware of any previous studies that test MDRs of a
family’s SES on children’s screen time. We know that a high SES shows weaker effects on depression [21],
anxiety [20], impulsivity [24], grade point average (GPA) [23], attention deficit hyperactivity disorder
(ADHD) [27], diet [28], exercise [29], sleep [30], substance use [23], obesity [31], and chronic disease [23]
for black children than white children. However, there is more to be learned about the relevance of
MDRs of the SES indicators to screen time for black children.

Aims

Given the existing gap in the contribution of MDRs in explaining the black—-white gap in screen
time, we conducted the current study with two aims. The first was to estimate the overall link between
income and screen time. The second aim was to compare racial differences in terms of income and
screen time, especially between black and white families. We hypothesized a protective effect of family
income on children’s screen time (Hypothesis 1). We also expected this association to be weaker
(diminished) for black children than white children (Hypothesis 2).

2. Methods

2.1. Design and Settings

This secondary analysis borrowed data from the Adolescent Brain Cognitive Development (ABCD)
study [32-36]. ABCD baseline data collection was conducted in 2016 at 21 sites across various states in
the United States. For more information on the ABCD study, consult [32,37].

2.2. Participants and Sampling

The ABCD participants were 9-11-year-old children who were selected from multiple cities across
various states. ABCD recruitment primarily relied on the US school system. For a detailed description
of the sampling and recruitment for the ABCD study, consult [38]. The eligibility of our analysis
was having valid data on all our study variables, including race, family income, and screen time.
The analytical sample of this paper was 15,022.

2.3. Study Variables

The study variables included race, ethnicity, sex, family income, household income, parental
education, marital status, and screen time. Race was self-identified as black, Asian, mixed or other,
and white (reference category). The mixed or other race reflects Native American and individuals with
mixed or other races. The sex of the child was 1 for male and 0 for female. Parental marital status was
reported by the parents and was 1 for married and 0 for other. Household income, reported by the
parent, was a three-level categorical measure of less than 50 K (K = 1000), 50-100 K, and 100+ K. Screen
time was reported by the parents. This measure was for average weekdays and measured in hours.
This variable was treated as a continuous measure, with a higher value indicating more screen time.
Parents’ reports of children’s screen time were believed to be reliable and valid [39].

2.4. Data Analysis

We used the Data Exploration and Analysis Portal (DEAP) for data analysis. The DEAP uses the
R package for statistical calculations. We reported the mean (standard deviation (SD)) and frequency
(%) of our variables both overall and by race. We also performed the chi-square and analysis of
variance (ANOVA) tests for our bivariate analysis. We used two mixed-effects regression models for
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multivariable modeling that allowed us to adjust to our data’s nested nature. Observations were nested
to participants from families who were selected across the sites and states. We ruled out collinearity
between our independent variables in our models. We also confirmed the near-to-normal distribution
of error terms of our regression model. Both models were performed in the overall sample. Model 1 did
not have any interaction terms between race and family income. Model 2 included interaction terms
between race and family income. In both models, children’s screen time was the outcome (Table 1).
The regression coefficient (b), SE, 95% CI, and p-value were reported. Statistical power was calculated
based on the number of variables in the regression model, alpha, and percentage of variance explained.
According to Cohen, a sample size of 15,000 will provide a power of 99% for a regression model with
eight terms, which explains 0.005 of the variance (expected R square) and a p-value of 0.05 [40,41].

Table 1. The model formulas.

Model 1

screentime_ss_weekday ~ household.income.bl + race.4level + sex + married.bl + age + hisp
Random: ~(1labed_site) + (1|rel_family_id) + (1|src_subject_id)

Model 2

screentime_ss_weekday ~ household.income.bl + race.4level + sex + married.bl + age + hisp +
household.income.bl x race.4level

Random: ~(1]abed_site) + (1|rel_family_id) + (1|src_subject_id)

2.5. Ethical Aspect

The ABCD study has institutional review board (IRB) approval, and all participants have provided
assent or consent, depending on their family income [37]. Given that our analysis was performed on
fully de-identified data, our analysis was exempt from a full IRB review.

3. Results

3.1. Descriptives

Overall, 15,022 observations from 9-11-year-old children were analyzed. Most participants
were whites, followed by blacks. From all observations, 10,249 (68.2%) were for white children,
1961 (13.1%) were for black children, 339 (2.3%) were for Asian children, and 2473 (16.5%) were for
other or mixed-race children. On average, children had 3.55 hours (SD = 3.14) on average of weekday
screen time.

Table 2 presents descriptive data by race. This table also compares racial groups by the study
variables. As this table shows, black and mixed or other race participants had the lowest parental
educations and incomes, and white and Asian children had the highest parental educations and
household incomes. The average weekday screen time was highest for black (5.56 + 3.99) children and
lowest for white (3.17 + 2.77) and Asian American (2.23 + 2.18) children (p < 0.001).

Table 2. Descriptive characteristics by race (n = 15,022).

Level All White Black Asian Other or Mixed p
n 15,022 10,249 1961 339 2473
(%) (%) (%) (%) (%)
Household income <50K 4121 (274) 1851 (181) 1247 (63.6) 47 (13.9) 976 (39.5) <0.001
>50Kand <100K 4376 (29.1) 3153 (30.8) 463 (23.6) 79 (23.3) 681 (27.5)
>100K 6525(43.4)  5245(51.2) 251 (12.8) 213 (62.8) 816 (33.0)
Sex Female 7200 (47.9)  4825(47.1) 979 (49.9) 173 (51.0) 1223 (49.5) 0.021
Male 7822 (52.1) 5424 (52.9) 982 (50.1) 166 (49.0) 1250 (50.5)
Married Family No 4420 (29.4) 2105 (205) 1334 (68.0) 48 (14.2) 933 (37.7) <0.001
Yes 10,602 (70.6) 8144 (79.5) 627 (32.0) 291 (85.8) 1540 (62.3)
Hispanic No 12,241 (81.5) 8562 (835)  1865(951)  311(917) 1503 (60.8) <0.001
Yes 2781 (185) 1687 (16.5) 96 (4.9) 28 (8.3) 970 (39.2)
Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Age (Months) 12285 (958) 12320(9.68) 121.67 (892) 12356 (9.93)  12225(9.53)  <0.001
Screen Time Weekday 355(314)  317(277)  556(399)  2.23(218) 3.72 (3.26) <0.001

Mean (Hours)
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3.2. Multivariate Models

Table 3 presents the results of three mixed-effects regression models in the overall sample. Model 1
shows the association between family income and race with children’s screen time. Compared with
an income less than 50 K, an income between 50 and 100 K was associated with a significant decline
in children’s average weekdays’ screen times (b = —0.60, p < 0.001). Compared with an income less
than 50 K, an income of more than 100 K was associated with a larger decline in children’s average
weekdays’ screen times (b = —1.20, p < 0.001). The Asian American race (b = —0.52, p = 0.005) was also
associated with lower average weekdays’ screen times. At the same time, black (b =1.32, p < 0.001) and
mixed or other (b = 0.18, p = 0.019) races were associated with a higher average screen time for children.

Model 2 showed an interaction between family income and race with children’s screen time.
This interaction indicated that the boosting effect of family income and children’s screen time was
weaker for black children than white children.

Table 3. Mixed-effects regressions overall (n = 15,022).

b SE p b SE p
Model 1 Model 2

Income (=50 K and <100 K) —0.60 *** 0.08 <0.001 —0.80 *** 0.10 <0.001
Income (>100 K) —1.20 #** 0.08 <0.001 —1.35 *** 0.10 <0.001
Race (Black) 1.32 *** 0.09 <0.001 1.01 *** 0.13 <0.001
Race (Asian) —0.52 ** 0.19 0.005 -0.59 0.47 0.212
Race (Mixed or Other) 0.18 * 0.08 0.019 0.02 0.13 0.852
Income (>50 K and <100 K) X Race (Black) - - - 0.59 ** 0.21 0.004
Income (>100 K) x Race (Black) - - - 0.74 ** 0.25 0.003
Income (=50 K and <100 K) x Race (Asian) - - - 0.12 0.60 0.835
Income (>100 K) x Race (Asian) - - - 0.06 0.52 0.910
Income (>50 K and <100 K) x Race (Other or Mixed) - - - 0.39* 0.19 0.041
Income (>100 K) x Race (Other or Mixed) - - - 0.08 0.18 0.654

K =1000. *p <0.05. *p < 0.01. **p < 0.001.

Figure 1 presents a positive association between family income and screen time in the pooled
sample. Higher-income children had lower screen times.
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Figure 1. The association between family income and children’s screen time overall.

Figure 2 shows the interaction between family income and race with children’s screen time.
This interaction indicated that the boosting effect of family income on children’s screen time was
weaker in black families than white families.

Income >100 K x Mixed or Other | =
Income 50-100 K x Mixed or Other

Income >100 K x Asian I . l

Income 50-100 K x Asian I
Income >100 K x Black
Income 50-100 K x Black
Income >100 K

Income 50-100 K |

Income <50 K I—.—I

Figure 2. The association between family income and children’s screen time by race.
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4. Discussion

This study showed an inverse association between family income and children’s screen time
overall. However, this association was stronger for white children than black children. That is to say,
while a high family income accompanied less screen time for American children, this association was
weaker in black families than white families. As a result, high-income black children had high screen
times, a pattern absent for high-income white children.

Our findings reflected the impact of the MDRs of family income on children’s screen time in
black families. This is in line with what is already established for the effects of MDRs of many
economic resources, such as family income, on impulsivity [24], reward responsiveness [42], inhibitory
control [43], attention [44], and ADHD [27] for black children compared with white children. Similar
MDRs were also reported for the effects of family SES indicators, such as parental education, household
income, and marital status, on behavioral risks such as substance use [23], diet [28], exercise [29],
anxiety [20], depression [21], and suicide [22]. These are all diminishing returns of economic resources
for black youths when compared with white youths [16,45-47].

These MDRs are not specific to any particular domain or outcome, suggesting that they are due to
society, but not culture, behavior, or biology. Thus, high-income black children do not have high screen
times because they are innately different or lazy. Similarly, the diminished slope of income with screen
time is not because blacks have less interest in or undervalue physical activity, since similar MDRs are
shown for all marginalized groups across marginalized identities [13,14]. MDRs are not specific to
blacks [25], but are also evident in Hispanics [12,16,48,49], Asian Americans [17], Native Americans [18],
and even marginalized whites [19]. They are also not specific to a particular SES resource, behavioral
outcome, or age group. These patterns are present for children [24,25,50], adults [46], and older
adults [51]. This paper extends the previous work on the MDRs of family income and screen time in
black children.

Due to sociological and structural factors such as segregation, labor market discrimination,
and racism, black families live under tremendous stress regardless of their SES [52-54]. High-SES black
families generate less income and wealth and live in worse neighborhoods than whites with similar
SESs [55-57]. Black workers with the very same educational attainment work in worse conditions and
receive worse income than whites with similar educations [55].

A wide range of economic and non-economic mechanisms can explain the MDRs of family
income and economic resources and their greater effect on children’s screen time in black children
than white families. Black families experience high levels of stress across all SES levels [58]. Social
mobility has been more taxing for high-SES black families than white families [59]. Exposure [60,61]
and vulnerability [62] to discrimination are high for high-SES black families. While low-SES black
families struggle with food insecurity, poverty, and neighborhood disorders, high-SES black families
experience discrimination due to their proximity to whites [60]. As discrimination reduces the chance
of healthy brain development [61,62], high-SES black children may remain at risk of impulsivity [24].
As a result, family income, one of the main drivers of children’s brain development, shows weaker
effects for black families than white families.

While low SESs and poor outcomes are one type of disadvantage in black communities,
MDRs reflect the second type of disadvantage [13,14]. These two sources of disadvantages are
qualitatively different. While the former reflects unequal outcomes and opportunities, the latter reflects
the low response to the presence of individual-level resources such as family income and SES. It is due to
the latter that policymakers may observe sustained inequality despite investments. To address the latter,
there is a need to address the systemic causes of inequalities. As a result of the combination of these two,
black families experience double jeopardy. Not only are resources such as SES scarce, their influences
are also hindered and dampened due to the multitude of constraints in their environment [13,63].

Multi-level economic and environmental mechanisms reduce the marginal returns of family SES,
such as income, for black families [13,63]. MDRs are attributed to social stratification, segregation,
discrimination, racism, and marginalization. These processes function across multiple societal
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institutions [13,63]. Racial injustice, prejudice, and discrimination have historically interfered with the
gain of resources and assets in black communities [64—-66]. One of the many causes of MDRs may be
childhood poverty [57]. As a result of historical and structural injustice, MDRs hinder the effects of
existing resources and assets across settings and social groups.

4.1. Implications

High screen time has a negative influence on child brain development. Using ABCD data,
we found that high-SES black children have high screen times regardless of their SES. Our finding is in
line with other studies that have documented diminished effects of high SES on the brain development
of black children, when compared to white children. In a study using ABCD data, high-SES black
children remained at risk of depression and suicide, while high-SES white children were at low risk
of depression and suicide [22]. In other ABCD studies, high-SES black children remained at risk
of reward dependence. However, white high-SES children had low reward dependencies [42,67].
In other studies, high-SES black children remained at risk of social, emotional, and behavioral problems.
However, this was not the case for white children from high-SES families [68]. In another analysis of
the ABCD study, a high subjective SES was independently associated with the amygdala size in larger
children. However, the boosting effect of a high SES on total amygdala volume was weaker for black
children than white children. As such, high-SES black children remain at risk regarding amygdala size,
regardless of their SES, which is due to the diminished return of SES on all aspects of the development
of children due to racism [69].

4.2. Limitations

The current study has some methodological limitations. This study does not suggest causal
inferences. However, it is more likely that poverty impacts sedentary behavior than the children’s
screen time shapes the household SES. Still, the findings reported here are correlations, not causes.
To establish causal evidence, we need to have repeated measurements of SES and screen time and
test if changes in family income precede a change in children’s screen times. We only tested the
MDRs of family income. Previous work had established MDRs of various family SES indicators,
such as parental education [42,67]. Future research should test if similar MDRs also apply for other
behaviors and time spent on other activities. Additionally, we only controlled for family SES, and all
our confounders were family- and individual-level SES indicators. It is imperative to control for
contextual and neighborhood-level indicators, as well as health. Finally, we did not study how these
MDRs changed over time, how they emerged, and how family dynamics and parenting contributed
to them. We also do not know how parents’ screen times and family norms, expectations, and rules
shaped such MDRs. More research is needed on whether these black-white gaps narrow, maintain,
or widen over time and whether any factor can undo them. Finally, it is unknown whether MDRs
related to inequalities in children’s screen time contribute to the higher-than-expected risk of chronic
disease [70-73] in high-SES black people.

5. Conclusions

Relative to white children, black children show weaker family income effects on screen time,
meaning that screen time stays high in black children across all family income groups. We did not
observe the same pattern for high-income white families. The diminishing returns of family income on
lifestyle are important because screen time is a driver of obesity, depression, and several other health
problems. To minimize the black-white health and behavioral gap, it is imperative to address societal
and structural barriers beyond SES. These include racism, stratification, injustice, and hopelessness in
black communities. Such factors may reduce the health return of family SES for black populations.
There is a need to find public and social policies that minimize MDRs. Such policies may need to
address the multi-level mechanism by which racism impacts the lives of black American families.
Systemic, structural, and societal causes of inequalities should be discussed rather than ignored.
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