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Abstract

Objectives: Short sleep duration compromises adolescents’ functioning across many domains,
yet risk for short sleep is not evenly distributed among youth in the United States. Significant
Black—-White disparities in sleep duration have been observed, with Black/African American youth
on average sleeping fewer minutes per night than their White/European American peers. However,
not all Black adolescents have short sleep, and identification of moderators of effects, including
protective and vulnerability factors in the association between race/ethnicity and sleep duration, is
warranted. We examined whether engagement in physical activity attenuates the gap in sleep
duration between Black and White teenagers.

Method: A sample of 246 adolescents (Mage = 15.79 years; 32.9% Black, 67.1% White) reported
on their physical activity and participated in 1 week of at-home actigraphic sleep assessment,
which was used to derive sleep duration (minutes scored as asleep from sleep onset to wake time).

Results: At higher levels of physical activity, relatively long sleep duration was observed for all
youth regardless of their race/ethnicity. However, at lower levels of physical activity, an
association emerged between race and sleep minutes, illustrating that youth most at risk for shorter
sleep were Black adolescents with lower physical activity.

Conclusions: Findings suggest that for Black adolescents, physical activity is a protective factor
against short sleep duration and, conversely, low physical activity is a vulnerability factor.
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Black—White disparities in sleep duration among adolescents in the United States are well-
documented (Basch, Basch, Ruggles, & Rajan, 2014; Guglielmo, Gazmararian, Chung,
Rogers, & Hale, 2018; Mitchell et al., 2020), with estimates ranging from 12 to 36 fewer
minutes per night for Black than White youth (Guglielmo et al., 2018). Consequences of
short sleep during this important developmental time period are broad, including increased
likelihood of depressive symptoms (Short, Gradisar, Lack, & Wright, 2013), higher rates of
involvement in risk-taking behaviors such as alcohol use (Owens, Adolescent Sleep Working
Group, & Committee on Adolescence, 2014), impairment of academic functioning (Short et
al., 2013), and early markers of cardiovascular and metabolic diseases (Martinez-Gomez et
al., 2011).

In adolescence, age-related changes in circadian rhythm and social demands threaten the
length of teens’ nightly sleep opportunity and duration (Carskadon, Wolfson, Acebo,
Tzischinsky, & Seifer, 1998). Although risk for short sleep is greater for Black youth
compared to White adolescents (Petrov & Lichstein, 2016; Yip et al., 2019), it is important
to note that not all Black youth experience short sleep (Philbrook, Buckhalt, & EI-Sheikh,
2020). Assessment of moderation models is needed to identify protective and vulnerability
factors for short sleep. Physical activity is one potential moderator given its association with
longer sleep duration in adolescence (Gerber et al., 2014). Although the literature linking
physical activity to sleep is mixed, there is evidence that greater physical activity promotes
better sleep-wake regulation via changes in sleep physiology, such as decreased sleep onset
latency and increased slow-wave sleep (Kalak et al., 2012), which may be associated with
longer sleep duration.

A 2018 workshop convened by the National Institute on Minority Health and Health
Disparities, the National Heart, Lung, and Blood Institute, and the National Institutes of
Health Office of Behavioral and Social Sciences Research called for the identification of
factors that may reduce racial and ethnic differences in sleep (Jackson, Walker, Brown, Das,
& Jones, 2020). The present study is consistent with this recommendation and examines
physical activity as a moderator of risk that could mitigate disparities in sleep duration
across Black and White adolescents. Such a moderation model has not been tested and may
explicate the role of a modifiable variable that attenuates or amplifies risk for short sleep
duration. Using actigraphy, we examined actual sleep duration (indexed by sleep minutes
and also referred to as total sleep time in the literature), which reduces potential systematic
biases associated with self-reported sleep (Guglielmo et al., 2018). We expected that a
higher level of physical activity would function as a protective factor and lessen differences
in sleep duration commonly found between Black and White youth.
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Participants were recruited by letters sent home through schools in semirural and small
towns in the Southeastern United States. The sample (V= 246; 52.85% female; Myge =
15.79 years, SD = 9.58 months) was representative of its community with regard to race/
ethnicity (reported by mothers)—32.93% Black/African American (1= 81; 56.79% female)
and 67.07% White/European American (1= 165; 50.91% female)—and socioeconomic
status (SES). SES also was based on mothers’ reports and was operationalized as relative
poverty using income-to-needs ratio, the quotient of family income divided by the federal
poverty threshold for a family’s household size (U.S. Department of Commerce, 2012).
Nearly 14.29% of participants’ families were classified as poor (ratio <1), 29.41% were low-
income (ratio 1-2), 47.06% had adequate income (ratio 2-4), and 9.24% were affluent (ratio
>4; Diemer, Mistry, Wadsworth, Lépez, & Reimers, 2013).

The university Institutional Review Board approved study procedures; consent was obtained
from parents, and assent was obtained from adolescents. Youth wore actigraphs at home for
seven consecutive nights during the school year and visited a campus laboratory, where they
reported on frequency of physical activity, an average of 3.96 days (SD = 12.25) after
actigraphic data collection. Adolescents’ height and weight were obtained during the
laboratory visit using a wall-mounted stadiometer and Tanita digital scale; these were used
to derive standardized body mass index (zBMI).

Physical activity.—Youth completed the well-established Physical Activity Questionnaire
for Adolescents (Kowalski, Crocker, & Kowalski, 1997). This survey measures frequency of
involvement in physical activity over the previous seven days through a variety of questions
assessing participation in particular sports and common exercises, engagement in activities
at various times such as after school, during physical education, and on weekends, as well as
use of leisure time for physical activity. Items ask participants to report on physical activity
in any setting, including home, school, work, organized sports, or elsewhere; however,
participants do not specify the setting in which physical activity occurred. Responses on
each item range from 1 (/ess-frequent activity) to 5 (more-frequent activity), and the mean of
all items represents the total score, which was used in analyses (eight items; a = .82 in the
study sample). This instrument has strong psychometric properties and corresponds well
with objective measurement of physical activity by accelerometry (Saint-Maurice, Welk,
Bartee, & Heelan, 2017).

Sleep duration.—Adolescents wore actigraphs (Ambulatory Monitoring, Ardsley, NY) on
their nondominant wrists and, per established procedures, completed sleep diaries to
facilitate actigraphy scoring. Sleep data were collected in 1-min epochs using zero-crossing
mode and were scored in ActionW2 (Ambulatory Monitoring). Sleep duration was indexed
by sleep minutes, comprised of the total minutes scored as asleep from sleep onset to wake
time, exclusive of night awakenings.! Based on the software and the Sadeh algorithm
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(Sadeh, Sharkey, & Carskadon, 1994), sleep onset was defined as the first of at least 3
consecutive minutes scored as sleep, and wake time as the last of at least 5 consecutive sleep
minutes before wake, with corroboration of sleep diaries. Data were excluded when diary-
reported sleep onset and wake times differed by more than 30 min from sleep actigraphy;
this was a rare occurrence because participants pressed a button on the actigraph when they
attempted to fall asleep and when they woke in the morning, which produced event marks in
the actigraphy files. Nights on which participants took medication for acute illnesses also
were excluded. After exclusions, 33.74% of youth had seven nights of sleep data; 26.42%
had six nights, and 18.29% had five nights. Sleep data were treated as missing for the
remaining 21.55% of participants who had fewer than five nights of actigraphy (Meltzer,
Montgomery-Downs, Insana, & Walsh, 2012). The 53 participants whose sleep data were
excluded (n= 27 Black adolescents; n= 26 White adolescents) did not differ from the rest of
the sample in their physical activity levels or sleep minutes. Participants whose data were
treated as missing were not excluded from analyses, and missing data was handled
statistically (detailed in the Analysis Plan section). Sleep minutes had high stability over the
week (a =.75), and the average across nights was used in analyses.

Covariates variables.—Covariates included sex (0 = female, 1 = male), family income-
to-needs ratio, and zBMI.

Analysis Plan

Results

To examine the moderation effects of physical activity on relations between race and sleep
duration, an interaction term (Race x Physical Activity) was created and included in multiple
regression models, along with predictors (race and physical activity) and covariates.
Covariates were entered in the first step, main effects of race and physical activity in the
second step, and the interaction of race and physical activity in the third step. Analyses were
conducted in Amos 24. Study variables were not skewed, and all continuous exogenous
variables were mean-centered. Correlated exogenous variables were covaried with one
another, and missing data were handled with full information maximum likelihood (FIML).
Missingness for study variables ranged from 0% to 21.55%, which is well within the range
acceptable for use of FIML (Enders, 2001). Further, FIML has been shown to have the least-
biased estimates and the lowest Type-I error rates compared to other methods such as
listwise or pairwise deletion (Enders, 2001; Raykov, 2005). For significant interactions,
simple slope analyses were conducted using an online utility (Preacher, Curran, & Bauer,
2006) and plotted at + 1 SD from the mean of the moderator (physical activity).

Table 1 presents descriptive statistics and Pearson correlations. Independent-samples ftests
examined potential Black—White differences in study variables (see Table 2). Compared to
White participants, Black adolescents came from families with lower SES, had higher BMI,
and slept an average of 25.55 fewer minutes per night. Sex differences in study variables
also were examined. Compared to males, females reported lower physical activity, £230) =

lAnalyses also were conducted using actigraphic measures of sleep quality, including sleep efficiency, sleep onset latency, number of
long-wake episodes, and sleep activity as outcomes. No results were significant (os = 0.37-0.91).
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-3.65, p<.001; females: M (SD) = 2.20 (0.81); males: M (SD) = 2.62 (0.92), and had
longer sleep duration, £191) =3.49, p=.001; females: M (SD) = 418.78 min (53.36); males:
M (SD) = 391.88 min (53.24). There was no relation between race and sex in the sample,
(1, N=246) = 0.75, p=.39.

Physical activity moderated relations between race and sleep minutes (Table 3; Figure 1).
Overall, the model explained 18.4% of the variance in sleep minutes (medium effect size, £
=.22), of which the moderation effect of physical activity accounted for 2.6% of unique
variance. Simple slope analyses revealed no association between race and sleep minutes at
higher levels of physical activity, demonstrating that predicted means for sleep minutes are
relatively high and do not vary among more active Black and White adolescents. However,
an association between race and sleep minutes emerged for more sedentary adolescents, with
Black youth obtaining 42.28 fewer minutes per night on average than their White peers—a
difference of 0.75 SD. Thus, higher levels of physical activity served as a protective factor
and lessened Black—White disparities in sleep duration, whereas lower physical activity
operated as a vulnerability factor for Black adolescents.

Discussion

As hypothesized, physical activity moderated relations between race and sleep duration.
Black adolescents with lower levels of physical activity were at greatest risk for shorter sleep
duration, while all other youth had similar and relatively long sleep duration. Findings
demonstrate that Black—White disparities in sleep duration (Guglielmo et al., 2018) are
eliminated at higher levels of physical activity. The size of our moderation effect, 2.6% of
18.4% of total explained variance, is satisfactory in social science (Cohen, Cohen, West, &
Aiken, 2003) and similar to that of prior work (EI-Sheikh, Kelly, Sadeh, & Buckhalt, 2014).
These findings are noteworthy and highlight the importance of examining interactions
between race and other individual-difference variables that can operate as protective factors
for key health outcomes including sleep.

Although we did not address mechanisms of effects and cannot discern from the study why
the protective function of exercise was particularly evident for Black adolescents, there are
some tentative possibilities. For example, although factors such as morning circadian
preference (Malone, Patterson, Lozano, & Hanlon, 2017), socioeconomic adversity and its
correlates (Petrov & Lichstein, 2016), or genetic difference (Halder et al., 2015) may
increase risk for shorter sleep duration among Black adolescents relative to Whites, they
may function primarily in the presence of additional risk factors such as low physical
activity. This phenomenon would be consistent with a literature showing that low physical
activity is associated with poorer sleep-wake regulation (Brand et al., 2010; Kalak et al.,
2012) and specifically exacerbates risk for negative outcomes in the context of
environmental stressors (Norris, Car roll, & Cochrane, 1992; Sigfusdottir, Asgeirsdottir,
Sigurdsson, & Gudjonsson, 2011).

For Black adolescents, higher levels of physical activity protected against short sleep. Race-
related factors may act on similar sleep processes promoted by exercise. For example, both a
higher genetic percentage of African ancestry (Halder et al., 2015) and greater experiences
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of racial discrimination (Tomfohr, Pung, Edwards, & Dimsdale, 2012) have been found to
predict less slow-wave sleep among Black adults. Thirty minutes of daily moderate-intensity
exercise over a 3-week period, on the other hand, has been linked to an increase in slow-
wave sleep relative to baseline among adolescents (Kalak et al., 2012). Although we
examined sleep duration and not sleep architecture, it is possible that physical activity is
protective because of its associations with various sleep/wake parameters. These
plausibilities merit further investigation, and if these potential pathways are tested and
supported empirically, then physical activity may be considered as a prevention and
intervention strategy to promote longer sleep for some youth.

The feasibility of a prevention or intervention program likely is dependent in part on an
adolescent’s neighborhood context (Spence & Lee, 2003). Prior work has shown that Black
adolescents, regardless of SES, are more likely than their White counterparts to live in
neighborhoods with higher levels of violence (Zimmerman & Messner, 2013), which may
limit the number of safe places and times of day to exercise, thereby reducing physical
activity and increasing risk for short sleep (Philbrook & EI-Sheikh, 2016). Of note, however,
in the present study there were no differences in overall levels of physical activity between
Black and White adolescents.

Though the questionnaire used to examine physical activity has been validated against
accelerometry (Saint-Maurice et al., 2017), limitations of this study include its reliance on
self-reported data. In addition, our measure of physical activity did not allow for assessment
of the specific setting of such activity (e.g., school, neighborhood), which prohibits the
differentiation between effects of energy expenditure versus increased time in structured
activities, for example. Future investigations of pertinent research questions could benefit
from an objective assessment of physical activity and a diary that records the setting of
activity. Further, generalizability of results cannot be ascertained beyond the demographics
of the community sample including age, geographic locale, and SES levels. Nevertheless,
the study provides novel evidence that physical activity is a protective factor against short
sleep otherwise observed for Black youth. Given the connection of sleep to myriad aspects
of adolescents’ functioning, including physical and mental health (Martinez-Gomez et al.,
2011; Short et al., 2013), increasing physical activity, and extending sleep duration may help
to promote healthy outcomes across multiple domains of development.

Acknowledgments

This research was supported by Grant R01-HD046795 from the Eunice Kennedy Shriver National Institute of Child
Health and Human Development awarded to Mona El-Sheikh. The content is solely the responsibility of the authors
and does not necessarily reflect the official views of the National Institutes of Health. We wish to thank our research
laboratory staff, particularly Bridget Wingo, for data collection and preparation, as well as the adolescents and
parents who participated.

References

Basch CE, Basch CH, Ruggles KV, & Rajan S (2014). Prevalence of sleep duration on an average
school night among 4 nationally representative successive samples of American high school
students, 2007-2013. Preventing Chronic Disease, 11, E216 10.5888/pcd11.140383 [PubMed:
25496556]

Cultur Divers Ethnic Minor Psychol. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gillis et al. Page 7

Brand S, Gerber M, Beck J, Hatzinger M, Piihse U, & Holsboer-Trachsler E (2010). High exercise
levels are related to favorable sleep patterns and psychological functioning in adolescents: A
comparison of athletes and controls. Journal of Adolescent Health, 46, 133-141. 10.1016/
j.jadohealth.2009.06.018

Carskadon MA, Wolfson AR, Acebo C, Tzischinsky O, & Seifer R (1998). Adolescent sleep patterns,
circadian timing, and sleepiness at a transition to early school days. Sleep: Journal of Sleep
Research & Sleep Medicine, 21, 871-881. 10.1093/sleep/21.8.871

Cohen J, Cohen P, West SG, & Aiken LS (2003). Applied multiple regression/correlation analysis for
the behavioral sciences (3rd ed.). Mahwah, NJ: Erlbaum Publishers.

Diemer MA, Mistry RS, Wadsworth ME, Lépez I, & Reimers F (2013). Best practices in
conceptualizing and measuring social class in psychological research. Analyses of Social Issues and
Public Policy, 13, 77-113. 10.1111/asap.12001

El-Sheikh M, Kelly RJ, Sadeh A, & Buckhalt JA (2014). Income, ethnicity, and sleep: Coping as a
moderator. Cultural Diversity and Ethnic Minority Psychology, 20, 441-448. 10.1037/a0036699
[PubMed: 25045954]

Enders CK (2001). The performance of the full information maximum likelihood estimator in multiple
regression models with missing data. Educational and Psychological Measurement, 61, 713-740.
10.1177/0013164401615001

Gerber M, Brand S, Herrmann C, Colledge F, Holsboer-Trachsler E, & Piihse U (2014). Increased
objectively assessed vigorous-intensity exercise is associated with reduced stress, increased mental
health and good objective and subjective sleep in young adults. Physiology & Behavior, 135, 17-24.
10.1016/j.physbeh.2014.05.047 [PubMed: 24905432]

Guglielmo D, Gazmararian JA, Chung J, Rogers AE, & Hale L (2018). Racial/ethnic sleep disparities
in U.S. school-aged children and adolescents: A review of the literature. Sleep Health, 4, 68-80.
10.1016/j.sleh.2017.09.005 [PubMed: 29332684]

Halder I, Matthews KA, Buysse DJ, Strollo PJ, Causer V, Reis SE, & Hall MH (2015). African genetic
ancestry is associated with sleep depth in older African Americans. Sleep, 38, 1185-1193.
10.5665/sleep.4888 [PubMed: 25845688]

Jackson CL, Walker JR, Brown MK, Das R, & Jones NL (2020). A workshop report on the causes and
consequences of sleep health disparities. Sleep, 43(8), zsaa037 10.1093/sleep/zsaa037 [PubMed:
32154560]

Kalak N, Gerber M, Kirov R, Mikoteit T, Yordanova J, Pihse U, ... Brand S (2012). Daily morning
running for 3 weeks improved sleep and psychological functioning in healthy adolescents
compared with controls. Journal of Adolescent Health, 51, 615-622. 10.1016/
j.jadohealth.2012.02.020

Kowalski KC, Crocker PR, & Kowalski NP (1997). Convergent validity of the Physical Activity
Questionnaire for Adolescents. Pediatric Exercise Science, 9, 342-352. 10.1123/pes.9.4.342

Malone SK, Patterson F, Lozano A, & Hanlon A (2017). Differences in morning-evening type and
sleep duration between Black and White adults: Results from a propensity-matched U. K. Biobank
sample. Chronobiology International, 34, 740-752. 10.1080/07420528.2017.1317639 [PubMed:
28488939]

Martinez-Gomez D, Eisenmann JC, Gomez-Martinez S, Hill EE, Zapatera B, Veiga OL, .... the
AFINOS Study Group. (2011). Sleep duration and emerging cardiometabolic risk markers in
adolescents. Sleep Medicine, 12, 997-1002. 10.1016/j.sleep.2011.05.009 [PubMed: 22036601]

Meltzer LJ, Montgomery-Downs HE, Insana SP, & Walsh CM (2012). Use of actigraphy for
assessment in pediatric sleep research. Sleep Medicine Reviews, 16, 463-475. 10.1016/
j.smrv.2011.10.002 [PubMed: 22424706]

Mitchell JA, Morales KH, Williamson AA, Huffnagle N, Lud-wick A, Grant SFA, ... Zemel BA
(2020). Changes in sleep duration and timing during the middle-to-high school transition. The
Journal of Adolescent Health. Advance online publication. 10.1016/j.jadohealth.2020.04.024

Norris R, Carroll D, & Cochrane R (1992). The effects of physical activity and exercise training on
psychological stress and well-being in an adolescent population. Journal of Psychosomatic
Research, 36, 55-65. 10.1016/0022-3999(92)90114-H [PubMed: 1538350]

Cultur Divers Ethnic Minor Psychol. Author manuscript; available in PMC 2022 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gillis et al.

Page 8

Owens J, Adolescent Sleep Working Group, & Committee on Adolescence. (2014). Insufficient sleep
in adolescents and young adults: An update on causes and consequences. Pediatrics, 134(3), e921-
€932. 10.1542/peds.2014-1696 [PubMed: 25157012]

Petrov ME, & Lichstein KL (2016). Differences in sleep between black and white adults: An update
and future directions. Sleep Medicine, 18, 74-81. 10.1016/j.sleep.2015.01.011 [PubMed:
25754383]

Philbrook LE, Buckhalt JA, & EI-Sheikh M (2020). Community violence concerns and adolescent
sleep: Physiological regulation and race as moderators. Journal of Sleep Research, 29, e12897
10.1111/jsr.12897 [PubMed: 31362331]

Philbrook LE, & EI-Sheikh M (2016). Associations between neighborhood context, physical activity,
and sleep in adolescents. Sleep Health, 2, 205-210. 10.1016/j.sleh.2016.05.008 [PubMed:
27795981]

Preacher KJ, Curran PJ, & Bauer DJ (2006). Computational tools for probing interactions in multiple
linear regression, multilevel modeling, and latent curve analysis. Journal of Educational and
Behavioral Statistics, 31, 437-448. 10.3102/10769986031004437

Raykov T (2005). Analysis of longitudinal studies with missing data using covariance structure
modeling with full-information maximum likelihood. Structural Equation Modeling, 12, 493-505.
10.1207/s15328007sem1203_8

Sadeh A, Sharkey KM, & Carskadon MA (1994). Activity-based sleep-wake identification: An
empirical test of methodological issues. Sleep, 17, 201-207. 10.1093/sleep/17.3.201 [PubMed:
7939118]

Saint-Maurice PF, Welk GJ, Bartee RT, & Heelan K (2017). Calibration of context-specific survey
items to assess youth physical activity behaviour. Journal of Sports Sciences, 35, 866-872.
10.1080/02640414.2016.1194526 [PubMed: 27326748]

Short MA, Gradisar M, Lack LC, & Wright HR (2013). The impact of sleep on adolescent depressed
mood, alertness and academic performance. Journal of Adolescence, 36, 1025-1033. 10.1016/
j.adolescence.2013.08.007 [PubMed: 24215949]

Sigfusdottir ID, Asgeirsdottir BB, Sigurdsson JF, & Gudjonsson GH (2011). Physical activity buffers
the effects of family conflict on depressed mood: A study on adolescent girls and boys. Journal of
Adolescence, 34, 895-902. 10.1016/j.adolescence.2011.01.003 [PubMed: 21334058]

Spence JC, & Lee RE (2003). Toward a comprehensive model of physical activity. Psychology of
Sport and Exercise, 4, 7-24. 10.1016/S1469-0292(02)00014-6

Tomfohr L, Pung MA, Edwards KM, & Dimsdale JE (2012). Racial differences in sleep architecture:
The role of ethnic discrimination. Biological Psychology, 89, 34-38. 10.1016/
j.biopsycho0.2011.09.002 [PubMed: 21925567]

U.S. Department of Commerce. (2012). Poverty thresholds: Poverty thresholds by size of family and
number of children. Retrieved from https://www.census.gov/data/tables/time-series/demo/income-
poverty/historical-poverty-thresholds.html

Yip T, Cheon YM, Wang Y, Cham H, Tryon W, & EI-Sheikh M (2019). Racial disparities in sleep:
Associations with discrimination among ethnic/racial minority adolescents. Child Development,
91, 914-931. 10.1111/cdev.13234 [PubMed: 30942498]

Zimmerman GM, & Messner SF (2013). Individual, family background, and contextual explanations
of racial and ethnic disparities in youths’ exposure to violence. American Journal of Public Health,
103, 435-442. 10.2105/AJPH.2012.300931 [PubMed: 23327266]

Cultur Divers Ethnic Minor Psychol. Author manuscript; available in PMC 2022 January 01.


https://www.census.gov/data/tables/time-series/demo/income-poverty/historical-poverty-thresholds.html
https://www.census.gov/data/tables/time-series/demo/income-poverty/historical-poverty-thresholds.html

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gillis et al.

Page 9

Public Significance Statement

On average, Black/African American teenagers sleep less at night than White/European
American teens. In our study, physical activity eliminated this difference: Black youth
who were more physically active slept as long as White adolescents, using an objective
measurement of sleep. Further, Black youth with lower levels of physical activity tended
to have the shortest sleep. Thus, increasing physical activity may be one avenue for
promoting longer sleep, especially among Black adolescents.
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Figure 1.
Physical activity as a moderator of relations between race and adolescents’ sleep duration.

Sleep duration is indexed by sleep minutes. Analyses control for sex, socioeconomic status,
and standardized body mass index. **p < .01.
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Table 1

Descriptive Statistics and Correlations Among Continuous Variables

Variable n M SD 1 2 3 4
1. SES 238 2.39 131 1.00
2.zBMI 225 .87 .98 -09 1.00

3. Physical activity 232 2.40 .89 .06 .00 1.00
4. Sleep minutes 193 406.37 5484 1* -03 .06 1.00

Note. SES = socioeconomic status, operationalized as family income-to-needs ratio; zZBMI = standardized body mass index. 406.37 min = 6.77 hr.

*
p<.05.
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Table 2

Race Differences in SES, zBMI, Physical Activity, and Sleep Duration

White Black
Variable M sD M sD t-value
SES 264 128 187 122 440™*
ZBMI 077 100 107 094 _5qg*

Physical activity 2.39 0.91 2.40 0.86 -0.06
Sleep minutes 41352 5027 387.97 6193 oq1**

Note. SES = socioeconomic status, operationalized as family income-to-needs ratio; zBMI = standardized body mass index. Race: 0 = White, 1 =
Black.

*
p<.05.
Aok
p<.0l

*okoA

p<.001.
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Table 3
Moderation Effects of Physical Activity on Black—White Disparities in Sleep Duration

Variable B SE ) R?2  AR? {2

Step 1

Sex (male) —3154%**% 745  _ gt

SES 4.40 2.92 .10

zBMI -.69 3.87 -.01 .086
Step 2

Race (Black) _24.23* 5155  _o1**

Physical activity 2.98 5.22 .05 158 .072
Step 3

Race x Physical Activity 20.28 8.98 18* 184 026 .22

Note. SES = socioeconomic status, operationalized as family income-to-need ratio; zBMI = standardized body mass index. Variables were entered
in steps, but coefficients are reported from the final model. Sex: 0 = female, 1 = male. Race: 0 = White, 1 = Black. AR2 = change in Rz. 12 =
Cohen’s effect size: 2 = .02 (small), £2>.15 (medium), and £>.35 (large).

p<.05.
Ak
p<.01

HokAh

p<.001.
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