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Abstract

Study Objectives: We investigated the moderation of caloric intake on the association between
race/ethnicity and habitual sleep in adolescents.

Methods: We analyzed the data obtained from 324 adolescents who completed the follow-up
examination of the Penn State Child Cohort study. We collected actigraphy-measured sleep
duration on 7 consecutive nights and computed their mean and standard deviation as habitual sleep
duration (HSD) and habitual sleep variability (HSV), respectively. We also measured participants’
daily intakes of total calorie, total fat, carbohydrates, and protein, through the Youth/Adolescent
Food Frequency Questionnaire. Adjusted mean HSD and HSV among non-Hispanic whites and
racial/ethnic minorities were compared by using analysis of covariance (ANCOVA), while
controlling for age, sex, BMI percentile, total caloric intake, and socioeconomic status. The
significance of the interaction between race/ethnicity and caloric intake was further tested in
ANCOVA models.

Results: The study sample consisted of 79.3% non-Hispanic whites, 13.0% African American,
4.6% Hispanics, 2.2% Asian, and 0.9% American Indian. Adolescents who are racial/ethnic
minorities showed shorter HSD (mean (SE): 6.80 (0.10) vs. 7.07 (0.05) hours/night, p=0.02) and
higher HSV (mean (SE): 1.31 (0.07) vs. 1.15 (0.04) hours/night, p=0.04) than non-Hispanic
whites. Racial/ethnic differences in HSV were significantly more pronounced among adolescents
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with high caloric intake (p interaction=0.01), especially from carbohydrates (p interaction=0.03)
and fat (p interaction=0.05).

Conclusion: Adolescents who are racial/ethnic minorities slept objectively shorter and with
greater night-to-night variability than non-Hispanic whites. The racial/ethnic disparity in habitual
sleep variability was more pronounced among adolescents with high caloric intake, particularly
from carbohydrates and fat.

racial disparity; habitual sleep; caloric intake; epidemiology

INTRODUCTION

Despite extensive knowledge on racial disparities on cardiovascular health has been gathered
in the last few decades!, little reduction in the racial disparity in cardiometabolic risks has
been noted. Concurrently, racial disparity in sleep has been documented’~19. Specifically,
racial/ethnic minorities are at a higher risk of short sleep and worse sleep quality. After
reviewing current scientific evidence, the American Heart Association (AHA) concluded
that short sleep duration and low sleep quality are related to worsening cardiometabolic
healthl. Thus, it is plausible that racial/ethnic differences in sleep contribute to the
disproportionate risk of cardiovascular disease.

While sleep duration and sleep quality are correlated, each of them may be independently
associated with cardiometabolic outcomes!2-14, For example, Dominguez et al. recently
reported that actigraphy-measured short sleep duration and sleep fragmentation were
independently associated with higher burden of subclinical atherosclerosis among middle-
aged adults!2. In contrast, Clark and colleagues found that self-reported sleep duration was
not related to cardiovascular disease risk factors, while sleep disturbances were associated
with risks of hypertension and dyslipidemia in Finnish residents!3. The National
Longitudinal Study of Adolescent Health suggested that short sleep duration during
adolescence was associated with higher odds of hypercholesterolemia in young adulthood
among U.S. females4. The independent, yet inconsistent, associations between sleep
duration and sleep quality with cardiometabolic outcomes indicate that sleep duration and
quality represents distinctive aspects of sleep physiology and induce differential impacts on
cardiovascular health among various populations. Therefore, a better understanding of the
contributing factors to the racial/ethnic disparity in sleep, from both quantity and quality
perspectives, may reduce the disparity in cardiovascular health.

However, the determinants of racial/ethnic disparity in sleep pattern is not well-understood.
The majority of the previous studies investigated the racial differences in sleep patterns
attributed the disparities to sociocultural and occupational determinants’~10. For instance,
Fuller-Rowell et al. reported that neighborhood economic disadvantage contributed to the
differences in sleep efficiency between African American and European American adults®.
Jackson and colleagues reported that the racial/ethnic difference in sleep duration was widest
among those who held professional/management occupations, while less pronounced among
occupations with less professional/management responsibilities. Although racial/ethnic
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difference in sleep pattern may well be attributed to sociocultural factors, biological and
behavioral determinants are also important to consider when examining the racial/ethnic
disparity in sleep. However, very little data has been published on the role of behavioral
factors in the racial/ethnic disparity in sleep. On another note, previous studies mainly
focused on the racial/ethnic difference in sleep quantity, as measured by habitual sleep
duration, while overlooked the sleep quality, which may be measured by night-to-night
variability in sleep duration. In fact, our group, along with others, has found that major
lifestyle behavioral factors, particularly nutrition intake and dietary pattern, is correlated
with both sleep duration and sleep variability!>19, For instance, Kjeldsen et al.1? reported
that sleep duration was negatively associated with unhealthy dietary pattern, while sleep
variability was positively associated with consumption of sugar-sweetened beverages. In
addition, Nicklas et al. revealed that white women had higher resting metabolic rate, fat
oxidation rate, and maximum oxygen consumption than black women20. The difference in
the metabolic rate may result in a higher risk of obesity and related to poor sleep in racial/
ethnic minorities. Therefore, we hypothesized that racial differences in sleep may vary by
the dietary intake.

To evaluate this hypothesis, we conducted this study to assess the potential interaction
between caloric intake and race/ethnicity on both habitual sleep duration (HSD) and sleep
quality, as measured by habitual sleep variability (HSV), in a population-based sample of
adolescents in central Pennsylvania.

METHODS

2.1 Study Sample

Available data from the population-based sample of adolescents who completed the follow-
up examination of the Penn State Child Cohort (PSCC) study was used for this study.
Detailed descriptions of the PSCC baseline examination have been published
elsewhere?1-23_ Briefly, 700 children aged 6-12 years, who were in 3 school districts within
the Harrisburg metropolitan area, were recruited and participated in the baseline examination
during 2002-2006. After an average of 7.6 years, 421 out of the 700 subjects returned and
completed the follow-up examination in 2010-2013. No major differences in the baseline
characteristics were observed between those participants who did and did not complete the
follow-up examination?3.

During the follow-up examination, all participants underwent a detailed physical
examination and completed a battery of questionnaires, including their socio-demographic
information and dietary habits. After the physical examination and a standardized overnight
polysomnography recording, the participants were released with an actigraphy device
(GT3X+; ActiGraph, Pensacola, FL) to proceed with their daily routine for 1 week. Further
details of the follow-up examination were published previously4:23, The study protocol was
approved by the Penn State University College of Medicine Institutional Review Board.
Written informed consent was obtained from participants and their parents or legal guardians
if younger than 18 years.
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2.2 Habitual Sleep Pattern

Actigraphy devices were used to assess the habitual sleep pattern of the participants. The
participants were instructed to wear the actigraphy on their non-dominant hand wrist during
nocturnal sleep for 8 consecutive nights over the study period. As the participants were
instructed to wear the actigraphy at waist area during daytime, napping episodes were not
identified through actigraphy. After removing recording artifacts, the actigraphy data were
analyzed by using ActL.ife 6 software (ActiGraph LLC., Pensacola, FL), in which Sadeh’s
algorithm?24 was applied for sleep-wake scoring. Since the first night of the data were
measured under a 9-hour sleep protocol in the sleep laboratory, they were excluded from the
statistical analyses. Based on the remaining 7 nights (i.e. night 2-night 8), HSD and HSV
were computed to represent the habitual sleep pattern of the participants. HSD was
calculated as the mean of the actigraphy-measured sleep duration across the 7 nights of sleep
period, while the intra-subject standard deviation (SD) of the sleep duration was used to
represent the HSV. To maintain the validity of HSD and HSV, we further excluded those
participants with less than 5 nights (i.e. 70% of 7 nights) of sleep data from the analyses.

2.3 Race/Ethnicity

Participant self-reported race/ethnicity was obtained through a self-administered
demographic questionnaire. Each participant was asked to choose 1 from the 6 mutually
exclusive options, including “American Indian”, “Native Hawaiian/Asian”, “Black non-
Hispanic”, “Hispanic”, “White non-Hispanic”, or “Other”. Participants who did not identify
themselves as “White non-Hispanic” were combined to construct the “Racial/Ethnic
Minorities” group. To control for the potential biological, behavioral, and social
demographic dissimilarities among different subgroups within the “Racial/Ethnic
Minorities”, American Indian and Native Hawaiian/Asian were further excluded from
sensitivity analyses.

2.4 Caloric Intake

A self-administered Youth/Adolescents food frequency Questionnaire (YAQ) was used to
assess the quantity for major nutrients intake of each participant. Briefly, each participant
was asked to report the frequency of consumption on 152 food items during the one-year
period prior to the study. The frequencies were analyzed and converted to a series of
nutrients indices representing the daily nutrition intake. The reproducibility and validity of
the YAQ have been reported previously2>:2. For this report, we included daily total calorie,
total fat, protein, and carbohydrate intakes to represent the participants’ dietary pattern.
Subjects with a daily total caloric intake <500 kcal or > 5000 kcal were excluded from the
analyses due to implausible responses.

2.5 Other Covariables

Participants’ other demographic information, including age and sex, were also collected
through the demographic questionnaire. We measured participants’ height and weight during
the physical exam and calculated their body mass index (BMI). Age- and gender-adjusted
BMI percentile was then calculated based on the 2000 Centers for Disease Control and
Prevention growth charts?. Zip-code level socioeconomic status (SES), including 5-year
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average percentage (year 2009-2013) of high school graduates and median household
income, were extracted from American Community Survey 28,

2.6 Statistical Analysis

Due to insufficient sleep data (N=94) and/or implausible nutrition intake (N=4), 97 of the
421 participants were excluded from the analyses, which resulted in an effective sample size
of 324. Major demographic characteristics of the entire study sample, as well as stratified by
racial/ethnic groups, were presented as mean (SD) or proportions. To compare these
characteristics between non-Hispanic whites and racial/ethnic minorities, t-tests or chi-
square tests were used. To assess the overall racial/ethnic differences in HSD and HSV,
analysis of covariance (ANCOVA) models were used to estimate the multivariable-adjusted
mean and standard error (SE) of the HSD and HSV for non-Hispanic whites and racial/
ethnic minorities, respectively. In these models, age, sex, BMI percentile, Zip-code level
SES, and daily total caloric intake were included as covariates. These covariables were
selected based on the existing knowledge regarding the inter-relationship among HSD, HSV,
nutrition intake, and obesity421, as well as the observed empirical associations between
these variables with demographic characteristics in our study sample. As HSD and HSV
were correlated, HSD was controlled for when estimating the adjusted mean of HSV, and
vice versa.

To further evaluate whether caloric intake modified the racial/ethnic differences in HSD and
HSV, interaction terms between race/ethnicity and total calorie, total fat, carbohydrates, and
protein intakes were created. To assess the significance of the interactions, these interaction
terms, with their respective lower ordered terms, were included in the ANCOVA models.
Since the caloric and nutritional intake variables were modeled as continuous variables, the
multivariable-adjusted mean (SE) at the three levels (25! percentile, median, and 75t
percentile) of each nutrient intake were computed and compared to enhance the
interpretability of the effect sizes. It is worthwhile noting that total caloric intake was further
adjusted for, when testing the interaction between race/ethnicity and other macro-nutrients.
The linear trend in the HSD and HSV across different nutrient intake levels were assessed
using multivariable adjusted linear regression models. Given the heterogeneity of biological
and social characteristics in the racial/ethnic minority groups, American Indian and
Hawaiian/Asian were further excluded from the sensitivity analyses.

All analyses in this report were performed by using Statistical Analysis Software (SAS 9.4;
SAS Institute, Cary, NC, USA). A two-sided p-value of < 0.5 was used to determine
statistical significance.

3. RESULTS

3.1 Sample Characteristics

Table 1 summarizes the demographic characteristics, dietary intakes, and habitual sleep
pattern of the study sample. As expected from a representative sample of central
Pennsylvania population, over 60% of the racial/ethnic minorities in our study sample were
African American. The univariate comparisons suggested that non-Hispanic white
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adolescents slept significantly longer (p<0.01) and with less variability (p=0.03) during the
1-week study period than racial/ethnic minorities. Compared to non-Hispanic white
adolescents, racial/ethnic minorities consumed significantly less fat (p=0.05), but had higher
BMI percentile (p<0.01). No significant racial/ethnic difference in age, sex, intakes of total
calorie, carbohydrates, or protein was observed.

3.2 Racial Disparity in Habitual Sleep

3.3

The multivariable-adjusted mean (SE) of HSD and HSV for non-Hispanic whites and racial/
ethnic minorities are shown in Table 2. As summarized in the table, the HSD among racial/
ethnic minorities was 0.27 hours shorter (p=0.02) than the non-Hispanic white adolescents.
Adolescents from racial/ethnic minorities also had a significantly greater HSV (p=0.04). The
racial/ethnic differences in the HSD and HSV were approximately equivalent to 30% of their
respective SDs (HSD: 0.27/0.83=32.5%; HSV: 0.16/0.59=27.1%). The differences remained
significant after excluding American Indian and Hawaiian/Asian from the analyses.

Interaction between Race/Ethnicity and Nutrients Intake

There was no significant interaction between race/ethnicity and dietary intake with regard to
the racial/ethnic difference in HSD. In contrast, the interactions between race/ethnicity and
dietary intake variables, except protein intake, were statistically significant when assessing
the relationship between race/ethnicity and HSV. To graphically illustrate the interaction
between race/ethnicity and caloric intake on HSV, we plotted the multivariable-adjusted
mean and the corresponding 95% confidence interval (Cl) of HSV according to dietary
intake levels by race/ethnicity in Figure 1. As shown in Figure 1, p for interaction between
race/ethnicity and total calorie (Panel A), total fat (Panel B), carbohydrates (Panel C), and
protein (Panel D) were 0.01, 0.05, 0.03, and 0.08, respectively. To enhance the
interpretability of the results, we further present the HSD and HSV among non-Hispanic
whites and racial/ethnic minorities according to different levels of nutrients intake in Table
3. The multivariable-adjusted mean (SE) of HSV, accompanied by the significant
interactions, suggests the racial/ethnic difference in HSV was more pronounced at higher
intake levels. For example, while HSV was positively associated with total caloric intake
among both non-Hispanic whites and racial/ethnic minorities, HSV increased significantly
faster among racial/ethnic minorities (panel A of Figure 1). As shown in Table 3, the
difference in HSV between non-Hispanic whites and racial/ethnic minorities was 0.07 hours
at the 25t percentile of total caloric intake, while the difference substantially increased to
0.28 hours when their caloric intake were at the 75t percentile of the study sample.
Similarly, the difference in HSV between non-Hispanic whites and minorities increased with
higher carbohydrate intake (panel C of Figure 1). Specifically, the racial/ethnic difference in
HSV were 0.07 hours and 0.23 hours as their carbohydrate intake increased from the 25t
and 75! percentiles of the entire sample, respectively. In the same vein, racial/ethnic
difference in HSV increased with increased total fat intake (panel B of Figure 1). The
significance of the interaction terms did not change in the sensitivity analyses, in which
American Indian and Native Hawaiian/Asian were excluded.
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4. DISCUSSION

4.1 Racial Differences in Sleep Pattern

Racial/ethnic minority status has been identified as a predictor of both self-reported?®-32 and
objectively-measured 3233 short sleep duration. For example, Lauderdale et al. showed that
white participants slept approximately 1 hour longer than African American participants,
based on 3 nights of actigraphy data33. We confirmed that the difference in objectively-
measured HSD is already presented in adolescence. Specifically, racial/ethnic minority
adolescents, on average, slept approximately 0.25 hours shorter per night compared to non-
Hispanic whites. Moreover, not only there was a discrepancy in quantity of sleep, but also a
significant racial difference in sleep quality3!. We also observed that adolescents belong to
racial/ethnic minorities showed a significantly larger HSV than non-Hispanic whites. While
an inconsistent racial/ethnic difference in sleep variability has been documented in adults
34-37 this is the first time that a significant racial/ethnic disparity in HSV was observed in
population-based sample of adolescents. The adjustment of HSD ensured that the observed
difference in HSV was independent of average sleep duration.

4.2 Role of Dietary Intake

Due to the strong evidence of the causal effects of dietary habits on cardiovascular health,
the AHA included healthy diet as one of the Life’s Simple 7 factors for cardiovascular
health38. As sleep has been repeatedly correlated with dietary intakel>19, it is crucial to
assess whether dietary intake play a role in the racial/ethnic differences in HSD and HSV.
Our study revealed that racial/ethnic disparity in HSV varies by caloric intake. As the total
caloric intake may be considered as the sum of energy intake from carbohydrates, fat, and
protein, we further identified the sources contributing to the overall moderating effect by
evaluating the interactions between each macronutrient and race/ethnicity. The significant
interactions between carbohydrates and fat intakes with race/ethnicity further suggested the
moderating effect of total caloric intake was mainly driven by intakes of carbohydrates and
fat, but not protein. Moreover, the moderating effects of carbohydrates and fat intakes on
racial/ethnic disparity in HSV showed different patterns. Specifically, while increased
carbohydrates intake was associated with higher HSV in both groups, the association was
significantly more pronounced among minorities. Total fat intake, on the other hand, was
associated with a decreased HSV among non-Hispanic whites, but not among racial/ethnic
minorities. The different patterns may suggest carbohydrates and fat intakes moderate the
racial/ethnic disparity in sleep through different mechanisms.

To our knowledge, our study is the first to observe such an interaction between race/ethnicity
and dietary intake on HSV. The findings suggest that unhealthy dietary intake may not only
directly associate with cardiometabolic health3?, but also indirectly relate to the
disproportionate cardiovascular diseases risks via its correlation with the racial disparity in
sleep, even in healthy adolescents. Thus, it is of great public health importance to promote
and facilitate healthy diets and dietary habits among racial/ethnic minorities at the
community level.
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4.3 Potential Mechanisms

The potential mechanisms responsible for racial/ethnic disparities in sleep have been
discussed previously’=10. Since short sleep may be a surrogate marker of stress#041, the
difference in sleep pattern has been, in part, attributed to exposure of life stressors that
disproportionally affect racial/ethnic minorities. For example, it has already been
documented that racial discrimination, and associated psychological distress*2=44, is
associated with sleep problems in adolescents. In addition, Jackson et al. showed that
employment status and racial discrimination may result in shorter sleep duration among
African Americans.10 Other forms of systemic racism, including less favorable
neighborhood conditions, have also been found to be contributors to the racial/ethnic
disparities in sleep®. As sleep is a complex physiological phenomenon, racial/ethnic
difference in sleep pattern may be also determined by physiological factors, such as
differences in endogenous circadian periods and likelihood of being affected by a
misalignment between the internal circadian clock and time of sleep?®. This likelihood may
well be affected by the interplay of other psychosocial and environmental factors that
contribute to circadian misalignment. Taken together, a combination of social,
environmental, and physiological factors may results in a difference in the demand for
and/or ability to sleep between racial/ethnic minorities and non-Hispanic white adolescents.

On the other hand, little is understood regarding the mechanisms through which nutrients
intake modifies the racial/ethnic disparities in habitual sleep, in particular HSV. We postulate
that the racial/ethnic differences in metabolic rates may be one of mechanisms. For example,
African American postmenopausal women showed a significantly lower fat oxidation rate
than white women20. Similar racial difference in lipolysis has also been observed in
children?®. Since leptin is a stimulant of lipolysis and fatty acid oxidation”#8, lower rates of
fat metabolism commonly coexists with low leptin level and obesity. With the mounting
evidence that shows low leptin level and obesity are related to reduced sleep duration®® and
higher sleep variability?1:50, the difference in fat metabolism may be a physiological
mechanism that contribute to the different levels of racial/ethnic discrepancy in HSV.
Specifically, due to the lower rates of metabolism, higher caloric intake among race/ethnic
minorities may lead to abnormal fat storage and alternations in sleep.

4.4 Strength and Limitation

A major strength of our study is that we used 7-night actigraphy data to objectively measure
HSD and HSV. This data collection approach allowed us to accurately measure habitual
sleep patterns and prevented us from the potential biases and limitations of subjectively-
reported sleep, 1-night polysomnography, or short-term actigraphy data. To further increase
the validity of our data, we excluded the participants with < 5 nights (70% of 7 nights) of
sleep data. A second strength is that we purposively controlled for HSD as a covariable
when analyzing the racial/ethnic disparity in HSV, and vice versa. As a result, we were able
to conclude that the racial/ethnic difference in HSV, as well as the interaction between race/
ethnicity and nutrient intake, were not confounded by HSD. Lastly, we adjusted for total
caloric intake when evaluating the potential interaction between race/ethnicity and other
macronutrients, which enabled us to conclude that the interaction with carbohydrate intakes
was independent of total caloric intake. The adjustment was equivalent to including the
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proportion of energy from various macronutrients in the model. Therefore, our results may
be also interpreted as the racial/ethnic difference in sleep variability varies by the total
caloric intake, as well as the proportion of calorie obtained through carbohydrates and fat.

The present study has some limitations. First, self-reported race/ethnicity was used to form a
dichotomized race/ethnicity classification (i.e., non-Hispanic whites vs. racial/ethnic
minorities). The heterogeneity among multiple race/ethnicity groups, genetic ancestries, and
psychosocial exposures in the “racial/ethnic minorities” group may confound the findings.
However, the racial/ethnic disparity in sleep and the interaction between race/ethnicity and
caloric intakes remained significant after excluding Native American and Asian participants.
In fact, the racial/ethnic differences in sleep patterns were more pronounced after the
exclusion. It suggested greater disparities in sleep between non-Hispanic whites and African
American or Hispanic adolescents, which is consistent with the underlying impact of social
determinants of health, such as racism, discrimination, prejudice, neighborhood conditions,
food security, or healthcare access in these specific groups in the United States. Second, the
response rate of the follow-up examination was 60%. However, no significant difference in
the demographic characteristics was found between adolescents who participated in the
follow-up examination and those who did not. Third, zip-code level median household
income and education level were used to represent the participants’ SES. While aggregated
education and household income data may not be able to entirely represent the individual
level SES, we expect that community-level SES is highly correlated with individual-level
SES. Therefore, the adjustment would partially eliminated the confounding effect of SES.
Additionally, daytime napping behavioral was not measured through actigraphy, which may
confound our findings. Finally, the current study is a cross-sectional analysis of the PSCC
follow-up examination data. Thus, causal inferences should not be made.

5. CONCLUSION

In conclusion, our study suggests significant racial/ethnic disparities in habitual sleep
patterns. Specifically, adolescents who are racial/ethnic minorities slept objectively shorter
but with greater night-to-night variability than non-Hispanic whites. More importantly, the
racial/ethnic disparity in habitual sleep variability was more pronounced with increased
caloric intake, particularly from carbohydrates and fat. This finding suggests that the racial/
ethnic disparity in sleep variability is associated with food consumption and may indirectly
relate to the known racial/ethnic disparities in cardiometabolic risk. In the meantime,
longitudinal studies are necessary to confirm our findings and uncover the underlying
mechanisms through which nutrients intake modifies the racial/ethnic disparity in habitual
sleep.
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ABBREVIATIONS
PSCC Penn State Child Cohort
HSD Habitual Sleep Duration
HSV Habitual Sleep Variability
SD Standard Deviation
YAQ Youth and adolescents food frequency questionnaire
BMI Body mass index
SES Socioeconomic status
ANCOVA Analysis of covariance
SE Standard error
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Highlights:
. There is a significant racial disparity in habitual sleep even in healthy
adolescents.
. Compared to Caucasian adolescents, adolescents who belong to racial/ethnic

minority groups, habitually, slept shorter and with a larger night-to-night
variability in sleep duration.

. The racial disparity in habitual sleep was more pronounced among
adolescents with high caloric intake, especially from carbohydrates and fat.

. Unhealthy dietary intake may exacerbate the racial/ethnic disparity in habitual
sleep among adolescents and through which contribute to the disproportionate
cardiovascular disease risk among racial/ethnic minorities.
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Figure 1. Multivariable adjusted mean (SE) HSV among non-Hispanic white and racial/ethnic
minority adolescents across nutrients intake levels.

P for interaction between race and total caloric, total fat, carbohydrates, and protein intakes
were 0.01, 0.05, 0.03, and 0.08 respectively.
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Table 2.

Multivariable adjusted mean (SE) of habitual sleep duration and variability by race/ethnicity.

Overall Non-Hispanic White  Racial/ethnic Minority P value
HSD (hour)  7.00 (0.05) 7.07 (0.05) 6.80 (0.10) 0.02
HSV (hour) 1.18(0.03) 1.15 (0.04) 1.31 (0.08) 0.04

HSD: Habitual Sleep Duration. HSV: Habitual Sleep Variability.

Adjusted for age, sex, BMI percentile, total caloric intake, ZIP-code level socioeconomic status, and HSD or HSV.
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