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Abstract

Objective—To investigate whether race (African American (AA) and white) is associated with
sleep duration among adults from low socioeconomic (SES) strata and whether SES status,
lifestyle behaviors, or health conditions are associated with sleep duration within race-sex groups.

Methods—This cross-sectional study includes 78,549 participants from the Southern Community
Cohort Study (SCCS). Averaged daily sleep duration was assessed by weighted averages of self-
reported sleep duration on weekdays and weekends. Adjusted odds ratios (ORs) of very short (<5
h/day), short (5 — 6 h/day), and long sleep (=9 h/day) associated with pre-selected risk factors in
each race-sex group were determined by multinomial logistic models.

Results—The prevalence of very short and short sleep was similar among AAs (6.2% and
29.1%) and whites (6.5% and 29.1%). Long sleep was considerably more prevalent among AAs
(19.3%) than whites (13.0%). Very short sleep was associated with lower education and family
income, with stronger associations among whites. Higher physical activity levels significantly
decreased odds for both very short (OR=0.80) and long sleep (OR=0.78). Smoking, alcohol use,
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and dietary intake were not associated with sleep duration. Regardless of race or sex, very short,
short, and long sleep were significantly associated with self-reported health conditions, especially
depression (ORs were 2.06, 1.33, and 1.38, respectively).

Conclusions—Sleep duration patterns differed between AAs and whites from the
underrepresented SCCS population with low SES. Sleep duration was associated with several
socioeconomic, health behaviors, and health conditions depending on race and sex.

Keywords

Southern Community Cohort Study; sleep; demographics; risk behaviors; socio-economic status;
health conditions

1. Introduction

Sleep disorders have affected millions of Americans across all demographic groups. Shorter
or longer sleep durations have been associated with poorer health conditions such as obesity
(1, 2), cardiovascular disease (3, 4), diabetes (5-8), liver disease, and cancer (9-11), mental
health issues such as mood disorders (12, 13) and substance abuse (14, 15), and increased
all-cause mortality (16). One of the goals of Healthy People 2020 is to increase the
proportion of U.S. adults who experience sufficient sleep, defined as 7-8 hours for adults
aged 22 and older (17). However, the Healthy People mid-year progress review indicated
“little or no change” in reaching this target (17)

Racial and ethnic minorities, particularly African Americans (AASs), have a higher
prevalence of sleep deficiency and lower prevalence of healthy sleep than other groups (18,
19). Previous studies suggested that sleep deficiencies and disorders in racial/ethnic minority
populations are often affected by socio-cultural and environmental factors, such as
occupational shift work, economic adversity, financial insecurity, neighborhood deprivation,
increased exposure to allergens, noisy and crowded sleeping environment, urban residence,
and residential segregation (12, 17, 20-28). However, there is a limited literature discussing
sleep disparities (27, 29-31), which might have left some racial disparities in sleep
deficiencies unobserved. Although racial and/or ethnic minorities are more likely to live in
low SES strata than the general population, current literature provides limited knowledge of
whether SES plays a role in racial/ethnic disparities in sleep duration and sleep disorders.

The goal of this study was to evaluate the prevalence of self-reported very short, short, and
long sleep as well as the relationship between sleep duration and demographics, SES, body
mass index (BMI, kg/m?), health behavior, and health condition variables in the Southern
Community Cohort Study (SCCS), a population-based ongoing prospective study of
predominantly low-income adults in the southeastern U.S.

We hypothesized that the prevalence estimates of very short (< 5 h/day), short (5 — 6 h/day)
and long (= 9 h/day) sleep are higher in AA than white SCCS participants. Our secondary
hypothesis was that the risk factors for sleep duration, including SES, lifestyle
characteristics and health conditions, varied between AA and white SCCS participants.
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2. Methods

2.1. Participants

Initiated in 2002, the SCCS is an ongoing prospective cohort study focusing on racial and
socioeconomic disparities in the risk of cancer and other chronic diseases among
underserved populations aged 40 — 79 years old. Between 2002 and 2009, over 85,000 males
and females were recruited from 12 southeastern US states (Alabama, Arkansas, Florida,
Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, Tennessee,
Virginia, and West Virginia). Approximately about 65.4% of the cohort are self-reported AA
participants, 29.7% are white, and less than 4.5% are other racial groups (Hispanic, Asian,
Native Americans, and mixed races). About 85% of the study participants were enrolled
from 71 Community Health Centers (CHC), institutions providing essential health and
preventive services mainly to low-income, underinsured, and uninsured individuals. The rest
of the participants were enrolled in 2004-2006 by responding to a telephone interview or
mailed questionnaire sent to randomly selected residents of the same 12 states. Informed
consent was obtained from each participant upon enrollment into the SCCS. Institutional
Review Boards at Vanderbilt University (Nashville, TN, USA) and Meharry Medical
College (Nashville, TN, USA) approved the study. An analytical sample was obtained by
excluding participants other than AAs or whites, those with missing sleep duration or the
average sleep duration of less than 2 or more than 20 hours per day. The final analytic
sample included 78,549 participants.

2.2. Assessment of sleep duration and covariates

In the questionnaire, participants were asked for the number of hours they usually slept in 24
hours using full-hour increments, on weekdays, and weekends. Sleep duration per 24 hours
was calculated as the weighted average [(weekday sleep duration x 5) + (weekend sleep
duration x 2)/7] amount of sleep for weekdays and weekends. If a participant provided only
one valid response to the two sleep questions, sleep duration was calculated based on that
response alone (weekday or weekend). Sleep duration was rounded to one decimal place and
indexed to the closest hour to be consistent and comparable with studies using the NHIS
data (29, 30). For example, an indexed 5 hours per day sleep includes rounded sleep from
4.5 t0 5.4 hours. The indexed sleep was grouped into four categories: very short sleep (<5 h/
day), short sleep (5-6 h/day), normal sleep (7-8 h/day), and long sleep (= 9 h/day), based on
previous studies (29, 32).

The baseline questionnaire collected comprehensive information on SES, demographic
(including self-reported race), lifestyle, and anthropometric characteristics, as well as
personal medical history, at cohort enrollment via standardized computer-assisted personal
interviews for community health center participants, and self-administered mailed
questionnaire for the general population participants. For self-reported race or ethnic
background, a multiple-choice question was offered with available options of White, Black/
African American, Hispanic/Latino, Asian or Pacific Islander, American Indian or Alaska
Native, and Other racial or ethnic groups. Those with more than one race reported were
classified as mixed race (excluding Hispanic/Latino). In this study, only participants who
reported their race as AA or white were included in the analyses. Dietary intake was
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assessed using an 89 item food frequency questionnaire (FFQ) and physical activity with a
physical activity questionnaire (PAQ), both included in the baseline questionnaire (33, 34).

Medical history included questions related to the presence of diseases by asking a participant
“Has a doctor ever told you that you have had, or have you been treated for...” a specific
disease including diabetes, hypertension, cardiovascular disease (CVD) or stroke,
depression, asthma, or chronic obstructive pulmonary disease (COPD) and cancer. Those
responding yes to the question were classified as having a self-reported condition.

2.3. Statistical analyses

The prevalence of very short, short, and long sleep among SCCS participants was computed
for all participants with at least one self-reported sleep duration, and the difference in
prevalence was compared by the chi-square test. Descriptive cross-sectional data at
enrollment (baseline) were stratified by race (AA and white) and sex (male and female).
Continuous variables were presented as means and standard deviations and categorical
variables as frequencies and percentages. Multinomial logistic regression models were used
to determine risk factors for participants with very short, short, and long sleep, with those
normal (7 — 8 h) sleep as the reference group. A total of 10,365 participants were excluded
from multinomial logistic analysis due to missing values for the explanatory variables,
including 3,907 (12.5%) AA females, 3,044 (13.6%) AA males, 1,943 (12.8%) white
females and 1,471(15.1%) white males (for missing counts and fraction of each variable, see
Supplemental Table 1). For each race-sex group, a multinomial logistic regression model
containing all risk factors as explanatory variables was used to estimate ORs and 95% Cls
for very short, short, and long sleep. The explanatory variables adjusted in multinomial
models were age at enrollment (restricted cubic splines), education (less than 9 years, 9 — 11
years, high school or General Education Development (GED), vocational training or some
college, college graduate or higher), marital status (married or living with a partner,
separated or divorced, widowed, single), household income (<$15,000, $15,000 — $24,999,
$25,000 — $49,999, =$50,000), body mass index (BMI <18.5, 18.5 — <25, 25 — <30, 30 -
<35, 35 kg/m? ), smoking status (current, former, never), alcohol use (0 — <1, 1 —<3, 3 or
more drinks/day). Physical activity variables included total time spent in sedentary behavior
(race-sex-specific tertiles, h/day), and the total amount of light, moderate, and strenuous
occupational or household activities (racesex-specific tertiles, daily metabolic equivalent
hours expressed as MET-h/day). Dietary intake variables included daily intake of fruits and
vegetables (servings/day), bread (servings/day), and meats (servings/day), total amount of
energy (race-sex-specific tertiles, kcal/day), regular coffee consumption (0 —<1,1-<3, 3 or
more times/day), beverages (soda) consumption (0 — 1, 1 — <2, 2 or more times/day), and
Healthy Eating Index (HEI, in race-sex-specific tertiles) (35). Self-reported health conditions
included hypertension (yes, no), cardiovascular disease (CVD) or stroke (yes, no), diabetes
(yes, no), COPD (yes, no), asthma (yes, no), depression (yes, no), and cancer (yes, no). The
use of hormone replacement therapy (yes, no) was evaluated only in females.

All statistical tests were two-tailed with p-values <0.05 considered significant. Analyses
were performed using SAS version 9.3 (SAS Institute Inc., Cary, NC, USA).
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3. Results

Baseline characteristics of 78,549 participants, including 68% AAs (N=53,630) and 32%
whites (N=24,919) individuals with an average age of 52 + 8.8 years, are presented in Table
1 stratified by race-sex groups. Baseline characteristics stratified by sleep duration and race-
sex group are in Supplemental Tables 2a and 2b. Participants’ education, income, and
employment status tended to be low, and obesity prevalence to be high (45% and 41%) for
AAs and whites, respectively. Among health conditions, hypertension was reported by 55%,
and diabetes by 21% of participants.

Approximately half (47.4%) of the cohort reported normal (7 — 8 hours) sleep duration. The
prevalence of long sleep was 19.3% and 13.0% for AAs and whites, respectively. There was
a significant difference in the prevalence of long sleep between AAs and whites (P<0.001).
Between AAs and whites, the prevalence of very short (6.2% for AAs and 6.5% for whites,
P=0.142) and short sleep (29.1% for AAs and 29.1% for whites, P=0.937) did not differ
significantly. The prevalence of very short, short, and long sleep was 6.7%, 29.7%, and
16.6% for females, and 5.7%, 28.2%, and 18.3% for males, respectively. The differences in
the prevalence of very short, short, and long sleep between males and females were
significant (all P<0.001).

SES characteristics were associated with very short, short, and long sleep in some race-sex
groups (Table 2). Household income and education were strongly related to very short and
short sleep, especially among whites, with the percentages with sleep falling as income and
education rose. The associations between long sleep and household income and education
were weak, although the odd of long sleep decreased as income or education increased.

Health and lifestyle characteristics were associated with very short, short, and long sleep
(Table 3). Participants with healthier eating habits (2" or 3 tertiles of HEI) had a lower
odd of both very short and short sleep than participants with the least healthy eating habits
(1%t tertiles of HEI). Individuals with higher meat or meat products consumption tend to have
lower odds of very short and short sleep compared to participants with lower meat
consumption (Supplementary Table 3). There was a tenuous association between very short
or short sleep and smoking status as well as alcohol usage, but current smoking was
significantly associated with long sleep. The participants with a higher level of physical
activity (MET-h/day) had lower odds of very short or long sleep. The longer time spent in
sitting behaviors (h/day) was associated with long, but not very short, or short sleep. BMI
was associated with very short and short sleep prevalence, with higher odds among the
underweight (BMI <18.5 kg/m?2) and morbidly obese (BMI >35 kg/m?) in all race-sex
groups.

The associations between self-reported health conditions and sleep duration are in Table 4.
Depression and CVD/stroke were associated with very short, short, and long sleep,
regardless of race and sex. Hypertension, COPD, asthma, and depression were associated
with very short and short sleep. Diabetes was associated with very short sleep in AA males
and long sleep in females of both races. There was no association between sleep duration
and cancer in any race-sex group.
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4. Discussion

4.1. Sleep duration and race

In this study, AAs had a higher prevalence of long sleep (= 9 h/day) compared to whites
(19.3 % and 13.0%, respectively). Similar observations have been reported (29, 30, 36) from
the NHIS cohort consisting of a cross-sectional sample of non-institutionalized US adults.
However, some of these studies used sleep duration categories that were different from those
used in this study. One study based on the NHIS data showed that from 1977 to 2009, 8.3%
—16.1% AAs and 6.6% — 11.2% of whites reported sleeping longer than 8 hours per day
(33). Another NHIS-based study using the 2004 — 2007 data, reported that compared to
whites, the ORs for AAs to have more than 9-hour sleep was 1.72 (95% Cl, 1.59 — 1.87)
(30). Compared to shorter sleep, the effect of longer sleep on health in adults is less
recognized and needs further studies. However, according to the American Academy of
Sleep Medicine (AASM), longer sleep is rather the result of poor health than its cause (37).

The average prevalence of very short sleep in this study was 6.3%. This value is much higher
than the NHIS cohort, in which the prevalence of very short sleep ranged from 2.4% to 4.4%
in AAs and from 1.1% to 2.3% in whites (29). The prevalence of short sleep in this study
was 29.1%. Similarly, in the NHIS cohort, the prevalence of short sleep ranged from 24.6%
to 33.7% in AAs and from 19.3% to 26.2% in whites (29). This study did not find a
difference in the prevalence of very short and short sleep between AAs and whites. In
contrast, previous studies frequently reported noticeable differences in very short and short
sleep prevalence between AAs and whites (29, 30, 32, 38). The differences might be caused
by the discrepancy between the populations studied. Participants included in the NHIS
cohort had higher SES than those in the SCCS. In our study, 63.7% white and 80.7% AA
participants had household income less than $25,000. In contrast, in the NHIS study, 66.6%
— 72.5% of whites and 45.9% — 53.0% of AAs had household income equal or higher than
$35,000 in a similar period (2002 — 2008 and 2004 — 2009, respectively) (29). Another
contributor to the difference might be the age distribution. In the NHIS cohort participants
were 18 years old and older, and the SCCS participants were 39 years old or older.
Nevertheless, the high prevalence of very short sleep in the low-income underserved SCCS
population, warrants further investigations.

Compared to studies using the NHIS data, our results in a higher income group were similar.
For example, significantly longer sleep duration was observed in AAs both in the NHIS and
SCCS cohort. However, we did not observe a difference in the proportion of shorter sleep
between AAs and whites. These findings add to previous findings that racial/ethnic
minorities are more likely to have shorter sleep duration than other populations but also
suggests that a contribution of disadvantaged SES contributes to short sleep, independent of
race/ethnicity.

4.2. Sleep duration and SES characteristics

SES characteristics were associated with sleep duration but with racial heterogeneity. In this
study, a higher income did not protect AAs from very short and long sleep duration as much
as whites. As annual family income increased, the odds of very short and long sleep
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decreased in both AAs and whites, but the decrease was steeper in whites. A very recent
report from The Reasons for Geographic And Racial Differences in Stroke (REGARDS)
cohort, showed that higher income decreased the odds of <6 hours sleep overall, but the odds
decrease was less in AAs than whites (39). In another study, Jean-Lois and colleagues
reported that in the mentioned earlier NHIS cohort, compared to adults with income above
$35,000, the odds ratio of very short sleep in adults with income below $35,000 in whites
(OR, 2.08; 95% ClI, 1.89 — 2.30) was higher than in AAs (OR, 1.52; 95% ClI, 1.25 — 1.85)
(29). Overall, these results suggest that the magnitude of racial differences in short sleep
duration increases with higher income such that AAs still have higher odds of short sleep
duration than whites.

We observed a similar racial disparity regarding the educational level. For whites, the odds
of very short and long sleep decreased as the educational level increased. For AAs, neither
very short nor long sleep was associated with the increased educational level. Jackson and
colleagues in their report from the NHIS cohort showed that whites but not AAs with less
educational attainment had a higher prevalence of short sleep (40). To summarize, these
results suggest that the association between SES factors and sleep durations among AAs and
whites should be interpreted with caution and requires further studies.

4.3. Sleep duration and health/lifestyle characteristics

In this study, the associations between sleep duration and lifestyle behaviors such as
smoking status, alcohol use were weak. Several other studies have reported the association
between smoking and sleep duration, but the strength of associations varied (29-31, 41-43).
The discrepancies among these studies could be attributed to the inconsistent measurement
of smoking status. Our analysis and many other studies use qualitative terms like “Former,”
“Current, “and “Never” to categorize the study population (29, 30, 43). Other studies
reported the cigarettes use per day and categorized the whole population into multiple
groups (30, 41), and some considered different types of nicotine use or second-hand
smoking (42).

This study confirmed the association between sleep duration and high BMI (=35 kg/m?)
suggested by previous studies (44, 45), but did not found a strong association between sleep
duration and HEI, or consumption of specific food groups.

Physical activity duration and intensity is another factor that potentially affects sleep
duration. In this study, participants with longer time spent in sedentary behaviors had
increased odds of long sleep. Similarly, Stranges and colleagues reported that US adults
from the Western New York Health Study with less than 1.5 MET-h of vigorous weekly
activity were more likely to report both short (< 6 h) and long (>8 h) sleep duration (46).
The SCCS participants in this study with higher total light, moderate, and strenuous work
(MET-h/day) had a lower prevalence of very short and long sleep. These results are in
agreement with the results of a study reported by Tsunoda and colleagues (47). They found
that one or more bouts of moderate or vigorous-intensity of physical activity in middle-aged
(< 60 years old) adults or moderate or low-intensity physical activity in older adults (> 60
years old) per week can promote sufficient sleep duration. Nevertheless, more systematic
studies of the relationship between sleep and physical activity are needed.
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4.4. Sleep duration and health conditions

In this study, health conditions were associated with very short, short, and long sleep
independently of race and sex. We found a significant association of CVD or stroke,
diabetes, COPD, and depression with very short sleep and depression with long sleep. The
association of shorter sleep durations and health conditions, such as CVD or stroke,

diabetes, COPD, and depression with very short sleep and depression with long sleep has
been reported previously (3, 6, 7, 18), and some underlying biological mechanisms have
been suggested (3). Depression has been associated with poor sleep in cross-sectional
studies (48, 49), and this association has been confirmed by prospective studies (50, 51). In
this and other studies, depression and CVD or stroke were strongly associated with both
short and long sleep durations (52, 53). We did not observe qualitative racial differences in
these associations. One possible explanation is that biological factors might have an essential
role in regulating the association between sleep duration and health conditions. For example,
a chronic inflammatory state is a wellknown risk factor and biomarker for CVD occurrence
and progression (54). Also, it has been reported that in both sleep deficient (55, 56) and
depressed individuals (57), levels of pro-inflammatory biomarkers were elevated, indicating
that both sleep deficiency and depressive state correlate with inflammatory responses. These
associations suggest potential physiological interrelation among sleep duration, depression,
and CVD and deserves further studies (58). In this study, we also observed some quantitative
racial differences in associations between sleep duration and health conditions that require
further analyses. For example, for participants with depression, the odds of having very short
sleep was higher in AAs than in whites, whereas the odds of having long sleep was higher in
whites than in AAs.

This study provides useful data for the development of evidence-based behavioral, sleep
hygiene, or other clinical intervention for older adults. For example, the results may be
useful in adapting existing behavioral sleep interventions to a version culturally tailored for
both underserved AA and white populations with low SES. Results from this study may also
serve as a useful reference for health policymakers assessing the effect of racial/ethnic and
SES disparities on health promotion and guidance.

Future studies related to racial/ethnic disparities in every short, short, and long sleep should
be designed to explore differences within AA, white, and other (e.g., Hispanic, Native
American, and Asian) populations and identify their causes. These studies should also
examine a contribution of suboptimal sleep to disparities in the prevalence of chronic
diseases like CVD, hypertension, stroke, and depression that disproportionally affect racial/
ethnic minorities and populations from the low SES strata.

4.5. Strengths and Limitations

The SCCS is among the largest prospective cohorts ever assembled to investigate risk and
preventive factors for cancer and other chronic diseases with a high number of individuals
from low SES strata and over-representation of AA in proportions higher than present in
general US population. The large sample size enabled controlling for many potential
confounders, including SES and lifestyle factors, activity level and health conditions, and
yielding narrow 95% confidence intervals. Another unique strength of our study was that by
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design, most of our participants were from similar SES backgrounds enhancing
comparability of results between AAs and whites, with adjustment for residual SES
differences in statistical modeling.

Our study also has limitations to be considered. First, sleep duration and other variables,
including health conditions, were self-reported rather than objectively measured. For
example, a validation study comparing self-reported and actigraphy-assessed sleep duration
among adults found that reported sleep duration tended to be longer than objectively
assessed, particularly among people with short sleep duration and among AAs (59). Such
measurement error in assessing sleep duration might have led to a misclassification of those
reporting very short or short sleep as having normal or long sleep, which could have
attenuated the study results. Also, if some participants had an undiagnosed health condition
or conditions when the data were collected, our analysis might have underestimated their
associations with sleep duration.

On the other hand, in participants who reported having a health condition but have managed
it successfully, the analysis might have overestimated the association between this condition
and sleep duration. Second, we lacked information on other important aspects of sleep and
circadian rhythm such as sleep quality, snoring, current sleep disorder, and chronotype,
which may influence the associations of demographic, and SES factors (24, 60, 61).
Moreover, we also did not have information about shift work, another potentially important
confounder of the association between sleep and chronic disease risk. Fourth, because the
study was cross-sectional and a single report of sleep duration was obtained, inferences
regarding causal and temporal relationships cannot be made, and long-term sleep patterns
among the study population cannot be captured.

In this study, our primary focus was on percentages in pre-specified short or long sleep hours
categories. We used multinomial logistic models, which enabled us to evaluate the
association between various covariates and these sleep percentages. Although the large
sample size promotes the robustness of results, the logistic regression model generates the
odds ratio, which mathematically always overestimates the prevalence ratio, especially when
the outcome is not rare (62). An alternative approach could be Poisson regression (40, 63),
which directly estimate the prevalence ratio. However, we thought that it might be
challenging to measure associations between multiple covariates and the sleep duration with
Poisson regression.

Nevertheless, researchers should choose a regression method appropriate to their study
goals. Another statistical limitation is multiple testing. In the respective models, we included
43 variables for men and 44 variables for women. As a result, the significance of intercept
and coefficients of the model were tested 44 and 45 times for men and women, respectively.
The probability of finding significant association by chance could be reduced by using
Bonferroni corrected p-values, which in our sample were 0.00111 for men and 0.00109 for
women. However, we decided not to use the Bonferroni corrected values because the method
is considered highly conservative, and that would increase false negative rates in our
analysis.
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5. Conclusions

Sleep duration patterns differed between AAs and whites from the SCCS underrepresented
population with low SES. Sleep duration was associated with marital status, educational
level, and family income, but the effect varied depending on the race-sex population.
Lifestyle behaviors such as smoking status, except for current smoking, alcohol use, and
dietary intake except for meat, were not significantly associated with either short or long
sleep in either race or sex. BMI was associated with very short and long sleep. Higher
physical activity levels significantly decrease odds for both very short and long sleep
duration. The association between sleep duration and health conditions such as depression,
asthma, COPD, and CVD and stroke were uniformly distributed across AAs and whites and
male and female SCCS participants and should be further examined.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Association of sleep duration and socioeconomic status, health and lifestyle
characteristics, and prevalence of chronic diseases were evaluated in a large
cohort (n=78,549) of underrepresented African American (AA) and white
adults from the Southern Community Cohort Study (SCCS).

The prevalence of very short and short sleep durations was similar between
AAs and whites, while AAs (19.3%) were more likely to experience long
sleep duration than whites (13.0%), from the SCCS population with low
socioeconomic status.

Lower household income was associated with very short and short sleep
durations in whites but not AAs.

Very short, short, and long sleep durations were associated with physical
activity and comorbid conditions such as depression and cardiovascular
disease (CVD) and stroke, independently of race and sex.
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Table 1.

Socio-demographic, health risk behaviors and contextual characteristics of study participants

Page 16

Variablel

African American

White

Females (N=31,296)

Males (N=22,334)

Females (N=15,200)

Males (N=9,719)

Age at enrollment, years
Source of enrollment, n (%)
Community Health Center
General Population mailing
County of residence, n (%)
Rural

Urban

Sleep duration, n (%)

<5

5-6

7-8

29

Education completed, n (%)
<9years

9 - 11 years

High school or equivalent
Junior college

College graduate

Annual household income, n (%)
<$15,000

$15,000 - $24,999

$25,000 — $49,999

>$50,000

Marital status, n (%)
Married/living with partner
Divorced/separated
Widowed

Never been married

Body Mass Index (kg/m?), n (%)
<185

18.5-24.9

25-29.9

30-34.9

235

Currently working, n (%)
Yes

No

Cigarette smoking, n (%)

Sleep Med. Author manuscript; available in PMC 2021 November 01.

52+9

28,545 (91.2)
2,751 (8.8)

8,099 (25.9)
2,3195 (74.1)

2,061 (6.6)

9,296 (29.7)
14,244 (45.5)
5,695 (18.2)

2,273 (7.3)
7,033 (22.5)
10,241 (32.7)
8,277 (26.5)
3,447 (11.0)

18,267 (59.1)
7,124 (23.1)
3,949 (12.8)
1,547 (5.0)

8,412 (27.0)
10,818 (34.7)
4,399 (14.1)
7,554 (24.2)

327 (1.1)
4,813 (15.6)
7,838 (25.5)
7,673 (24.9)
10,145 (32.9)

12,507 (40.2)
18,624 (59.8)

51+8

20,353 (91.1)
1,981 (8.9)

4,540 (20.3)
1,7788 (79.7)

1,258 (5.6)
6,300 (28.2)
10,123(45.3)
4,653 (20.8)

1,958 (8.8)
5,498 (24.6)
7,959 (35.7)
4,972 (22.3)

1,933 (8.7)

13,190 (59.7)
4,710 (21.3)
2,810 (12.7)
1,386 (6.3)

7,121 (32.0)
7,482 (33.6)
819 (3.7)
6,816 (30.7)

287 (1.3)
7,727 (34.9)
7,777 (35.1)
3,971 (17.9)
2,405 (10.8)

8,543 (38.4)
13,705 (61.6)

54+9

12,276 (80.8)
2,924 (19.2)

3,735 (24.6)
1,1464(75.4)

1,046 (6.9)
4,495(29.6)
7,649 (50.3)
2,010 (13.2)

1,140 (7.5)
2,537 (16.7)
4,964 (32.7)
4,055 (26.7)
2,500 (16.5)

7,356 (49.2)
2,915 (19.5)
2,466 (16.5)
2,204 (14.8)

6,806 (45.2)
5,100 (33.9)
2,000 (13.3)
1,146 (7.6)

266 (1.8)
3,775 (25.2)
3,979 (26.5)
3,246 (21.6)
3,739 (24.9)

5,834 (38.6)
9,289 (61.4)

54+9

6,519 (67.1)
3,200 (32.9)

2,272 (23.4)
7,444 (76.6)

565 (5.8)
2,744 (28.2)
5,194 (53.4)
1,216 (12.5)

816 (8.4)
1,319 (13.6)
2,863 (29.5)
2,395 (24.7)
2,317 (23.9)

3,971 (41.5)
1,620 (16.9)
1,665 (17.4)
2,320 (24.2)

5,119 (53.9)
2,714 (28.6)
342 (3.6)
1,323 (13.9)

86 (0.9)
2,668 (27.6)
3,599 (37.3)
1,997 (20.7)
1,304 (13.5)

4,016 (41.5)
5,665 (58.5)
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Variablel African American White
Females (N=31,296) Males (N=22,334) Females (N=15,200) Males (N=9,719)

Current 10,126 (32.5) 12,598 (56.7) 5,392 (35.7) 3,898 (40.7)
Former 6,141 (19.7) 4,657 (21.0) 3,870 (25.6) 3,229 (33.7)
Never 14,857 (47.7) 4,947 (22.3) 5,859 (38.7) 2,462 (25.7)
Total sedentary time, h/day 9.57+5.18 9.37 £5.33 8.84 +4.49 9.09 + 4.80
Total light, moderate and vigorous work, MET- 20.13+ 1541 24.54 + 22.32 19.82 £ 15.45 21.65 +20.29
h/day
Total energy intakes, kcal/day 2,346 + 1,341 3,177 £ 1,633 1,932 +974 2,803 + 1,355
Healthy Eating Index, score 60 £ 12 55+ 11 59 +13 55+ 12
Dietary intakes (FFQ), servings/day
Fruits/vegetables 4+2 3+2 3+2 3+2
Bread 2+1 2+1 2+1 2+1
Meat 2+1 2+1 1+1 21
Coffee consumption, times/day 0.41+0.75 0.46 +0.77 1.00+1.16 1.17+1.20
Soda consumption, times/day 0.83+1.12 0.77 £ 1.06 112 +1.36 1.05+1.28
Alcohol use, n (%)
Yes 13,754 (44.5) 15,280 (69.3) 6,495 (43.4) 5,734 (60.2)
No 17,123 (55.5) 6,769 (30.7) 8,481 (56.6) 3,787 (39.8)
Alcohol use among drinkers, drinks/day 1.71+4.14 4.06 +£6.32 1.00 +2.98 3.13+5.87

1 .
data are presented as n (%) or mean + sd as denoted for each variable.
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Table 2.

Associations of sleep duration and SES characteristics, stratified by race and sex

African American

White

Variablel

Males Females

Males

Females

Very short sleep (< 5 h) — OR (95% CI)

Education (reference: High school or equivalent)

<9years 1.34 (1.06,1.71)°  1.47(1.21,1.79)7"
9-11 years 111 (0.94, 132) 1.36 (1_19’ 1_55) HAK
Some college 1.02 (0.85, 1.23) 1.04 (0.90, 1.19)

College graduate 1.20 (0.91, 1.59) 0.84 (0.67, 1.04)

Total family income (reference: $25,000 — $49,999)

<$15,000 1.26 (1.00, 1.58) 133 (1.09, 1.62) ™

$15,000 - $24,999  0.98 (0.76, 1.26) 1.17 (0.95, 1.45)

2$50,000 063 (0.41,096)  0.95(0.66, 1.35)

0.93 (0.67, 1.31)

1.01 (0.77, 1.31)

*

0.70 (0.53,0.91)

*

0.52 (0.34, 0.78) *

2.54 (1.76, 3.67)
*

1.75 (1.16, 2.62) ©

0.44 (0.24,0.81) ™

Short sleep (5 — 6 h) - OR (95% CI)

Education (reference: High school or equivalent)

<9 years 1.02 (0.89, 1.17) 0.85 (0.75, 0.96) **

9-11 years 0.97 (0.89, 1.07) 1.02 (0.95, 1.11)
1.18 (1.07, 1.29) ™ 1.08 (1.00, 1.16)

College graduate 1.22 (1.06, 1.40) ** 1.04 (0.93, 1.15)

some college

Total family income (reference: $25,000 — $49,999)
<$15,000 0.88(0.79,099)" 096 (0.87,1.05)

$15,000-$24,999 (g5 (0.79,100)* 098 (0.89,1.08)

2$50,000 1.02 (0.86, 1.20) 0.95 (0.82, 1.10)

1.02 (0.83, 1.25)

1.04 (0.88, 1.23)
0.95 (0.83, 1.10)

0.80 (0.68, 0.96) *

1.17 (0.99, 1.38)

1.25 (1.05, 1.49) *

0.71 (0.59, 0.86)

Long sleep (=9 h) — OR (95% CI)

Education (reference: High school or equivalent)

<9 years 1.16 (1.00, 1.34) * 1.12(0.98, 1.29)
9-11 years 1.14 (1'03‘ 126) e 1.09 (1.00, 119)
some college 0.93 (0.83, 1.03) 0.98 (0.89, 1.07)

College graduate 0.86 (0.72, 1.03)

Total family income (reference: $25,000 — $49,999)

0.79 (0.69, 0.90) ***

1.27 (0.99, 1.65)
1.23(0.99, 1.54)

1.07 (0.88, 1.30)
0.93(0.73, 1.19)

1.24 (0.99, 1.55)

<$15,000 1.32 (1.15,1.51) ™ 1.14 (1.02, 1.29) *
$15,000 - $24,999  1.04 (0.90, 1.20)

>$50,000 074 (0.59,094) *  0.84(0.69,1.03)

1.06 (0.94, 1.20) 1.03 (0.80, 1.31)

0.62 (0.48,0.81)

1.54 (1.20, 1.97) 7%
1.18 (0.97, 1.43)

0.88 (0.72, 1.06)

0.47 (0.34, 0.66) ™"

2.04 (157, 2.64) 7
1.19 (0.89, 1.60)

0.47 (0.30, 0.74) ™

1.04 (0.88, 1.22)

1.05 (0.93, 1.18)
0.92 (0.83, 1.02)

*

0.66 (0.57,0.77) **

*

1.30 (1.15, 1.48) ™™
1.18 (1.03, 1.36) ©

*

0.75 (0.64, 0.89) ™

1.03 (0.82, 1.29)
1.07 (0.91, 1.26)

0.99 (0.86, 1.14)
0.95 (0.79, 1.15)

1.54 (1.29, 1.83) ™

1.25(1.03, 1.51)
0.81 (0.65, 1.00)

adjusted for age at enrollment (restricted cubic spline), body mass index, marital status, smoking status, alcohol usage, total time spent in
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sedentary behavior, total occupational or household activities, intake of fruits and vegetables, bread, and meats, total amount of energy intakes,
coffee consumption, beverages consumption, healthy eating index, hypertension, CVD or stroke, diabetes, COPD, asthma, depression, and cancer,
hormone replacement therapy (only in females).

2 P<0.05; ** P<0.01; ***P<0.001.
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Table 3.

Associations of sleep duration and health/lifestyle characteristics, stratified by race and sex

African American White

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Variablel'
Male

Female

Male

Female

Very short sleep (< 5 h/day) — OR (95% CI)

Smoking status (reference: Never)
Past 0.92 (0.75, 1.13)

Current 1.00 (0.84, 1.20)
Alcohol use (reference: 0-<1/day)

1-2/day 1.10 (0.92, 1.33)

3 or >/day 1.18 (0.99, 1.41)

0.89 (0.78, 1.03)

1.02 (0.90, 1.16)

0.91 (0.74, 1.12)
1.19 (0.97, 1.47)

Body Mass Index (reference: 18.5 — 24.9 kg/m?2)

<185 1.32 (0.80, 2.18)
25-29.9 0.98 (0.84, 1.16)
30-34.9 1.13(0.93, 1.38)
>35 1.35 (1.07, 1.70)

HEI (reference: Least healthy)
Medium healthy 0.79 (0.68, 093) *

Healthiest 0.78 (0.66, 092) *

*

*

1.18 (0.74, 1.90)
1.03 (0.87, 1.21)

0.88 (0.74, 1.04)
1.10 (0.94, 1.30)

0.93 (0.82, 1.05)

0.76 (0.66, 0.88) “**

Time spent in sitting behaviors (reference: Least sitting)

Medium sitting 1.05 (0.89, 1.23)

Most sitting 1.17 (0.99, 1.38)

0.82 (0.72, 0.93)

0.93 (0.82, 1.05)

0.82 (0.60, 1.12)

1.05 (0.79, 1.41)

0.85 (0.61, 1.19)
1.17 (0.89, 1.54)

1.96 (0.84, 4.57)
1.04 (0.81, 1.34)

1.04 (0.7, 1.40)
1.27(0.91, 1.77)

0.85(0.68, 1.07)

0.82 (0.61, 1.08)

1.04 (0.82, 1.32)

1.13(0.89, 1.44)

Total light, moderate, and strenuous work (reference: Least active)

Medium active 0.77 (0.66, 0.90) *

Most active

*

0.79 (0.69, 0.89) ™ 0.71 (0.56, 0.90)

0.74 (0.62, 0.88) ™ 0.88(0.78, 1.00) ©

0.61 (0.47, 0.79) ***

Short sleep (5 - 6 h/day) — OR (95% CI)

Smoking status (reference: Never)
Past 0.97 (0.87, 1.08)
Current 0.98 (0.89, 1.07)

Alcohol use (reference: 0-<1/day)
1-2/day 1.02 (0.92,1.12)

3 or >/day 1.13(1.03, 1.24)

*

1.01 (0.93, 1.08)
0.96 (0.89, 1.03)

0.99 (0.88, 1.11)
1.14 (1.00, 1.30)

Body Mass Index (reference: 18.5 — 24.9 kg/m?)

<185 1.11 (0.81, 1.50)
25-29.9 0.95 (0.87, 1.03)
30-34.9 1.03 (0.93, 1.14)
235 1.11 (0.98, 1.26)

HEI (reference: Least healthy)
Medium healthy  0.97 (0.89, 1.05)

1.05 (0.78, 1.41)
0.97 (0.88, 1.06)
0.96 (0.87, 1.06)

1.12 (1.02,1.23) "

0.90 (0.84, 0.97)

1.01 (0.88, 1.17)
1.16 (.00, 1.35)

0.90 (0.7, 1.06)
1.08 (0.92, 1.26)

1.81 (1.03,3.17)
1.04 (0.91, 1.19)

1.09 (0.93, 1.28)

*

1.23 (1.02, 1.48) "

0.99 (0.87, 1.13)

0.77 (0.62, 0.95) ™

1.37 (1.14, 1.66) "

1.18 (0.84, 1.67)
0.99 (0.67, 1.46)

1.38 (0.83, 2.30)

1.27 (1.03,1.57) ©
1.12 (0.90, 1.41)
1.23 (0.98, 1.54)

0.92 (0.77, 1.10)

0.87 (0.71, 1.07)

0.76 (0.63, 0.92) *
1.09 (0.92, 1.29)

0.89 (0.75, 1.06)

0.84 (0.70, 1.01)

1.01 (0.91, 1.13)

1.19 (1.07, 1.33) ©

0.93 (0.77, 1.13)
0.99 (0.78, 1.25)

1.43 (1.06,1.93) ©

1.13 (1.01,1.27) ©
1.10 (0.97, 1.24)
1.12 (0.99, 1.28)

0.95 (0.86, 1.05)
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Variablel' African American White
Male Female Male Female
Healthiest 0.92 (0.84, 1.01) 0.88 (0.81, 0.95) * 0.96 (0.83, 1.12) 0.84 (0.75, 0.94) **

Time spent in sitting behaviors (reference: Least sitting)

Medium sitting  0.94 (0.87, 1.03) 0.98 (0.91, 1.05)

Most sitting 1.01 (0.93, 1.11) 1.01 (0.94, 1.08)

1.18 (1.04,1.34)
1.13(0.99, 1.29)

Total light, moderate, and strenuous work (reference: Least active)

Medium active 1.00 (0.92, 1.09)

0.98 (0.90, 1.07)

0.98 (0.91, 1.05)

Most active 1.04 (0.97,1.12)

0.90 (0.79, 1.02)
1.02 (0.89, 1.17)

Long sleep (= 9 h/day) — OR (95% CI)

Smoking status (reference: Never)

Past 1.01 (0.89, 1.14) 1.01 (0.92, 1.11)

Current 1.18 (1.06, 1.31) **
Alcohol use (reference: 0-<1/day)

1-2/day 0.95 (0.85, 1.06)
3 or >/day 0.93 (0.83, 1.03)

Body Mass Index (reference: 18.5 — 24.9 kg/m?)

1.12 (0.97, 1.30)

<185 0.87 (0.62, 1.23) 1.00 (0.73, 1.37)
25-29.9 0.92 (0.83, 1.00) 0.89 (0.80, 0.99) *
30-34.9 0.96 (0.86, 1.08) 0.85 (0.7, 0.95) "
>35 1.00 (0.86, 1.16) 0.92 (0.83, 1.03)

HEI (reference: Least healthy)

Medium healthy 1.11 (1'01' 122) * 1.03 (0.95, 1.12)

Healthiest 1.02 (0.92, 1.13)

Time spent in sitting behaviors (reference: Least sitting)

Medium sitting  1.05 (0.95, 1.15) 1.07 (0.99, 1.17)

1.20 (1.10, 1.30) ™

1.15 (1.01, 1.31) "

0.87 (0.79, 0.95) ™

*

0.97 (0.80, 1.18)
1.03 (0.84, 1.27)

0.90 (0.71, 1.13)

1.07 (0.87, 1.33)

2.67 (1.40,5.09)
0.97 (0.80, 1.17)

1.17 (0.95, 1.45)

1.39 (1.09, 1.78)

1.01 (0.85, 1.20)

0.85 (0.69, 1.04)

1.15 (0.96, 1.37)

Most sitting 1.37 (1.24,1.50) ™ 1.31(1.21, 1.43) " 1.28 (1.07,153) "

Total light, moderate, and strenuous work (reference: Least active)

Medium active

Most active 0.79 (0.72,0.87) ™" 0.83(0.77,0.91) ™ 0.72(0.60, 0.87) ™" 0.73 (0.63, 0.83) "

0.79 (0.72,0.87) ™ 0.91(0.84, 0.99) *

0.82(0.70,0.97)

*

*

*

*

0.99 (0.89, 1.09)

1.05 (0.95, 1.16)

0.97 (0.87, 1.07)

1.16 (1.05, 1.29) **

1.06 (0.92, 1.22)

1.20 (1.04, 1.39) *

1.21 (0.96, 1.54)

1.29 (0.97,1.73)

0.94 (0.59, 1.48)
1.12 (0.96, 1.31)

1.13 (0.96, 1.34)

1.22 (1.03, 1.45)

0.96 (0.84, 1.10)

0.81 (0.69, 0.94)

1.23(1.07, 1.42) ™

1.44 (1.26, 1.65)

0.80 (0.71, 0.92)

Adjusted for age at enrollment (restricted cubic spline), education, marital status, household income, coffee consumption, beverages
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consumption, total energy intake, hypertension, CVD or stroke, diabetes, COPD, asthma, depression, and cancer, hormone replacement therapy

(only in females).

2 P<0.05; ** P<0.01; ***P<0.001.
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Association of sleep duration and self-reported health conditions, stratified by race and sex

Table 4.

Variablel

African American

White

Male

Female

Male

Female

Hypertension
CVD or stroke
Diabetes
COPD
Asthma

Cancer

Depression

Hypertension
CVD or stroke

Diabetes

COPD
Asthma

Cancer

Depression

Hypertension

CVD or stroke
Diabetes
COPD
Asthma

Cancer

Depression

Very short sleep (< 5 h/day) — OR (95% CI)

1.14 (0.99, 1.32)

AAAD

1.55 (1.28, 1.87)

1.44 (1.22,1.70)

1.66 (1.30, 2.13) 7

1.18 (0.96, 1.44)

1.01 (0.67, 1.51)

2.83 (241, 3.31) 7

1.07 (0.96, 1.20)

1.39 (1.19, 1.62)

1.01 (0.89, 1.14)

1.30 (1.10, 1.53) ™

1.57 (1.39, 1.78)

1.20 (0.97, 1.48)

2.12 (1.89, 2.37) ***

1.14 (0.92, 1.42)

1.67 (1.30, 2.13) 7%

0.98 (0.74, 1.29)

1.51 (1.15, 1.99) ™

1.59 (1.23, 2.06)

1.00 (0.69, 1.45)

1.99 (1.62, 2.45) %

Short sleep (5 - 6 h/day) — OR (95% CI)

1.15 (1.07, 1.24) 7

1.14(1.01, 1.28)
1.06 (0.96, 1.16)
1.17 (1.00, 1.38)

1.14(1.01,1.27) "
0.96 (0.78, 1.19)

1.51 (1.36, 1.68) ™

1.03 (0.96, 1.09)

1.24 (1.13, 1.36)

0.96 (0.90, 1.03)

1.16 (1.04, 1.29)

1.11(1.03, 1.20)

1.06 (0.94, 1.20)

1.34(1.25,1.43) 119 (1.06, 1.35) ™"

1.17 (1.04,1.31) ™

1.07 (0.93, 1.24)

1.12 (0.97, 1.30)

1.29 (1.08, 1.54) ™

1.10 (0.93, 1.30)

0.87 (0.73, 1.04)

Long sleep (= 9 h/day) — OR (95% CI)

1.01 (0.92, 1.10)

1.23 (1.08, 1.39) **

1.06 (0.95, 1.18)
1.01 (0.84, 1.22)
1.04 (0.9, 1.18)

1.09 (0.87, 1.38)

1.20 (1.07, 1.36)

0.96 (0.90, 1.04)

1.18 (1.06,1.32) ™

1.09 (1.00, 1.18) *
1.02 (0.89, 1.16)

1.09 (0.99, 1.20)

1.03 (0.88, 1.20)

1.21(1.11,1.31) 7

1.02 (0.87, 1.19)

1.34 (1.12, 1.60) ™

1.13(0.93, 1.36)

1.28 (1.02, 1.60)

1.25(1.01, 1.54)
112 (0.91, 1.39)

1.61(1.37,1.88) "

1.13 (0.97, 1.33)

1.90 (1.57, 2.29)

1.33(1.11, 1.59) "

1.32 (1.09, 1.59) **

1.21 (1.01, 1.43) "
1.12 (0.92, 1.37)

1,51 (1.30, 1.75)

1.10 (1.00, 1.20) *

1.25 (1.10, 1.42)

1.04 (0.94, 1.17)

1.18 (1.04, 1.33) ™

1.22 (1.10, 1.36)

0.99 (0.89, 1.11)

1.26 (1.16, 1.38)

0.96 (0.85, 1.08)
1.01 (0.85, 1.20)

1.22 (1.06, 1.41) ™

1.18(1.01, 1.38)
0.94 (0.81, 1.08)

0.99 (0.85, 1.15)

1.91 (1.70, 2.14) "
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J'Adjusted for age at enrollment (restricted cubic spline), education, marital status, household income, BMI, smoking status, alcohol usage, total
time spent in sedentary behavior, total occupational or household activities, intakes of fruits and vegetables, bread, and meats, total amount of

energy intakes, coffee consumption, beverages consumption, healthy eating index, hormone replacement therapy (only in females). The reference
group for all variables in this table was ‘no condition’.

2

* P<0.05; ** P<0.01; ***P<0.001.
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