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Introduction: Both short and long sleep have been associated with higher mortality. However, most studies
are conducted in predominantly White or Asian populations and little is known about the sleep-mortality
relationship in Blacks. Given the high prevalence of short and long sleep in Blacks, it is important to examine
the health effects of sleep in this population.
Methods: We studied sleep duration in relation to all-cause, cardiovascular and cancer mortality in 55,375
participants age 40—79 at enrollment in the Southern Community Cohort Study, of whom ~2/3 are Black.
Weekday and weekend sleep durations were self-reported. Mortality follow up started at baseline (2002
—2009) and was regularly updated until 2015 via linkage to Social Security Administration and the National
Death Index. We used Cox proportional hazards model adjusting for multiple covariates to estimate relative
risks associated with sleep duration.
Results: We found U-shaped relationships between weekday and weekend sleep duration and all-cause
mortality, with the effects stronger in Whites than Blacks. Risks for all-cause mortality were significantly
elevated by about 25% among Whites and about 10% among Blacks reporting either less than 5 hours or
more than 9 hours of sleep compared with those reporting 8 hours of sleep. The associations among Whites
but not Blacks were even stronger for cardiovascular disease mortality, whereas no association between
sleep duration and cancer mortality was found in either group.
Conclusions: Our results suggest that short and long sleep durations may be weaker predictors of total and
cardiovascular mortality in Blacks than in Whites.

© 2019 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.

Introduction

with the prevalence of short and long sleep substantially higher
among Blacks when compared to Whites.®'° Due to the important

Sleep is a fundamental activity of everyday life and an important
determinant of human health. Both short (typically defined as <7
hours) and long sleep durations (typically defined as >9 hours)
have been found to be important risk factors for a wide range of dis-
ease outcomes, including cardiometabolic diseases, mental disorders,
cancer, and all-cause mortality.! > In the United States, there are con-
siderable differences in sleep duration across racial and ethnic groups,
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health implications of adequate sleep and the well-documented racial
differences in sleep duration, it has been hypothesized that sleep dis-
parities could be a fundamental contributor to Black-White dispari-
ties in various health outcomes in the US.""'?

There is a persistent gap in mortality between Black and White
Americans. According to the most recent national vital statistics, the
Black-White gap in life expectancy at age 40 is 3 years for men and
2.1 years for women (Black men: 35.8 years, White men: 38.8 years;
Black women, 40.5 years, White women, 42.6 years)."> Cardiovascular
and cancer deaths are among the leading contributors of the Black-
White gap in life expectancy, together accounting for more than
50% of the observed racial differences (cardiovascular death, 32.2%
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for men and 43.2% for women; cancer, 16.4% for men and 13.7% for
women).'* Mounting evidence suggests that sleep duration may be
an important predictor of mortality, and several meta-analysis stu-
dies consistently reported a U-shaped association between sleep
duration and mortality in adults, with both short and long sleep
associated with higher mortality, particularly cardiovascular
mortality.*!>® However, most of the previous studies on sleep and
mortality were conducted in predominantly White and Asian popula-
tions, and relatively little is known about the relationship between
sleep duration and mortality in Blacks. Only one previous study
examined race/ethnic-specific relationship between sleep duration
and mortality risk in the Multiethnic Cohort Study, and the sleep-
mortality relationship appeared to be weaker in Black Americans
than Whites: the study found <7 hours of sleep was not associated
with mortality and 9+ hours of sleep was associated with a modest
17% increase in mortality risk in Blacks."”

We investigated the association between sleep duration and all-
cause, cardiovascular and cancer mortality in Blacks as well as Whites
in the Southern Community Cohort Study (SCCS), a prospective
cohort of a racially diverse and predominantly low income popula-
tions in the United States. To investigate potential racial differences

Table 1

in the sleep-mortality relationship, we directly compared the results
among Blacks to those among Whites in this cohort.

Methods

Study population

The SCCS is a prospective study investigating health disparities in
chronic diseases in White and Black adults in 12 southeastern states
in the US (Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana,
Mississippi, North Carolina, South Carolina, Tennessee, Virginia, and
West Virginia). Details of the study have been previously reported.'®
Briefly, ~ 85,000 men and women (age 40—79) were recruited
between 2002 and 2009, and two thirds of the baseline cohort are
Black. The majority of the participants (86%) were enrolled from 71
Community Health Centers (CHC), which provide basic health and
preventive services mainly to low income, underinsured and unin-
sured persons. Additional study participants (14%) were recruited
by mailed questionnaires sent to stratified random samples of the
general populations of these same states. Informed consent was
obtained from each participant upon enrollment into the SCCS. Train-
ing of Community Health Center interviewers to administer

Baseline study characteristics of Blacks and Whites (age 40—79) in the Southern Community Cohort Study, 2002—2009a

Weekday sleep duration, hour

<6 6 7-8 9+ P

Whites
N 2180 3933 8100 1341
Age, y, mean (SD) 509 (8.1) 52.2 (8.5) 53.5(8.8) 53.2(9.1) <.0001
Female, % 63.9 60.3 59.8 66.6 <.0001
BMI, kg/m?, mean (SD) 30.5(7.7) 29.9(74) 29.2(7.0) 30.8 (8.0) <.0001
Less than high school, % 276 21.7 174 24.5 <.0001
Married, % 424 48.1 54.8 474 <.0001
Household income >50 k, % 8.7 19.0 26.1 13.7 <.0001
Unemployed, % 62.8 49.5 48.8 71.4 <.0001
Current smoker, % 47.0 384 313 36.5 <.0001
Total physical activity, MET h/d, mean (SD) 24.5(21.2) 24.9(19.3) 22.7(17.3) 19.9(17.1) <.0001
Sitting, h/d, mean (SD) 9.0 (5.0) 8.9 (4.5) 8.7 (44) 9.3(4.6) <.0001
Alcohol consumption, 1+ drink/d, % 15.7 171 17.2 14.2 <.0001
Dietary intakes, mean (SD)
Total calories, kcal 2403 (1323) 2321 (1264) 2221 (1158) 2290 (1215) <.0001
Total fat, g/d/kcal 0.04 (0.01) 0.04 (0.01) 0.04 (0.01) 0.04 (0.01) 0.96
Total fiber, g/d/kcal 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) <.0001
History of chronic diseases
Diabetes, % 18.6 16.4 143 21.7 <.0001
Hypertension, % 494 433 40.6 48.0 <.0001
Hypercholesterolemia, % 353 34.6 35.9 42.4 <.0001
Depression, % 49.5 381 338 54.8 <.0001

Blacks
N 6314 9916 18,657 4934
Age, y, mean (SD) 50.2 (7.7) 50.7 (8.0) 51.1(8.6) 50.8 (8.7) <.0001
Female, % 59.6 57.2 57.7 571 <.0001
BMI, kg/m?, mean (SD) 31.0(7.8) 30.6 (7.5) 30.3(7.3) 30.2(7.9) <.0001
Less than high school, % 29.5 249 30.2 36.8 <.0001
Married, % 27.8 31.2 30.2 284 <.0001
Household income >50 k, % 5.7 8.0 5.7 29 <.0001
Unemployed, % 55.0 49.2 54.9 67.3 <.0001
Current smoker, % 415 414 42,0 473 <.0001
Total physical activity, MET h/d, mean (SD) 24.5(20.4) 25.0(19.6) 24.3(19.6) 22.4(194) <.0001
Sitting, h/d, mean (SD) 9.5(5.3) 9.5(5.1) 9.2 (5.0) 9.7 (5.4) <.0001
Alcohol consumption, 1+ drink/d, % 24.5 23.8 241 26.9 <.0001
Dietary intakes, mean (SD)
Total calories, kcal 2699 (1530) 2633 (1481) 2676 (1512) 2825 (1581) <.0001
Total fat, g/kcal 0.04 (0.01) 0.04(0.01) 0.04(0.01) 0.04 (0.01) 0.10
Total fiber, g/kcal 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) 0.01 (0.00) <.0001
History of chronic diseases
Diabetes, % 204 18.8 19.8 21.0 <.0001
Hypertension, % 55.8 549 53.2 53.5 <.0001
Hypercholesterolemia, % 282 270 253 24.5 <.0001
Depression, % 26.3 19.1 15.6 18.8 <.0001

Abbreviations: MET, metabolic equivalents; SD, standard deviation.

@ P-values were derived from Kruskal-Wallis test for continuous variables and chi-square test for categorical variables.



Table 2

Q. Xiao et al. / Sleep Health 5 (2019) 521527

523

Associations (HR (95% CI)) between sleep duration (seven categories) and all-cause mortality in Blacks and Whites (age 40—79) in the Southern Community Cohort Study

Sleep duration, hour

<5 5 6 7 8 9 10+
Weekday
White
No. of deaths 177 226 579 437 646 100 137
Model 1 1.64 (1.39,1.94) 1.30 (111, 1.51) 1.03 (0.92, 1.15) 0.75 (0.66, 0.84) Ref 1.00 (0.81,1.24) 1.57 (130, 1.88)
Model 2 1.23(1.04,1.46) 119 (1.02,1.38) 1.04 (0.93,1.16) 0.92 (0.82,1.04) Ref 0.98 (0.79,1.21) 1.23(1.02,1.48)
Model 3 1.18 (0.99, 1.40) 1.11 (0.96, 1.30) 1.02 (0.91, 1.14) 0.94 (0.83,1.06) Ref 0.93(0.75, 1.15) 1.18 (0.98, 1.42)
Black
No. of deaths 403 576 1500 1007 2085 319 638
Model 1 1.09 (0.98,1.21) 0.90 (0.82, 0.99) 0.89 (0.84, 0.95) 0.85 (0.79, 0.92) Ref 0.98 (0.87,1.10) 1.24(113,1.35)
Model 2 1.08 (0.97,1.20) 0.95 (0.87,1.04) 0.97 (0.91,1.04) 0.93 (0.86, 1.00) Ref 0.96 (0.85, 1.08) 114 (1.04, 1.25)
Model 3 1.05 (0.94, 1.17) 0.96 (0.88, 1.05) 0.96 (0.90, 1.03) 0.93 (0.86, 1.00) Ref 0.94 (0.83, 1.06) 110(1.01,1.21)
Weekend

White
No. of deaths 155 201 483 401 685 142 235
Model 1 1.91(1.60, 2.27) 1.64 (1.40,1.91) 1.29 (115, 1.45) 0.95(0.84,1.07) Ref 0.88(0.73,1.05) 1.52(1.31,1.76)
Model 2 1.26 (1.06, 1.51) 1.24 (1.06, 1.46) 1.06 (0.95, 1.20) 0.99 (0.87,1.12) Ref 0.94 (0.78,1.12) 1.25 (1.08, 1.46)
Model 3 119 (1.00, 1.42) 117 (1.00,1.37) 1.03 (0.91, 1.15) 1.00 (0.88, 1.13) Ref 0.91 (0.76, 1.09) 117 (1.01,1.36)
Black
No. of deaths 402 560 1294 898 1990 397 987
Model 1 1.21(1.09, 1.35) 1.05 (0.96, 1.15) 0.99 (0.92, 1.06) 0.88 (0.82, 0.95) Ref 0.99 (0.89, 1.10) 112 (1.04,121)
Model 2 111 (1.00, 1.24) 1.02 (0.93, 1.12) 1.00 (0.93, 1.07) 0.92 (0.85, 0.99) Ref 1.01(0.91,1.13) 1.08 (1.00, 1.16)
Model 3 1.36 (0.96, 1.19) 1.01 (0.92,1.11) 0.97 (0.91,1.04) 0.92 (0.85,1.00) Ref 1.02 (0.91,1.13) 1.04 (0.96,1.12)

Model 1: adjusted for age (continuous) and sex (male, female).
Model 2: adjusted for variables in Model 1 and education (less than high school, high school, vocational training or some college, college or higher), household income (<$15,000,
$15,000-<$25,000, $25,000-<$50,000, >$50,000), marital status (married, separated, divorced or widowed, never married), and employment status (yes, no). P-for-interaction
between sleep duration categories and race: 0.001 for weekday sleep and 0.01 for weekend sleep.
Model 3: adjusted for variables in Model 2 and smoking (current, former, never), alcohol (zero, more than zero but less than one, one or more drinks per day), total physical activity
(quartiles), total sitting time (quartiles), BMI (<18.5,18.5-<25.0, 25.0-<30.0, 30.0-<35.0, 35.0-<40.0, >40.0, kg/m?), and history of diabetes (yes, no), hypertension (yes, no), hyperch-

olesterolemia (yes, no) and depression (yes, no).

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.

in-person baseline questionnaires was conducted by SCCS staff.
Interviewers were trained to deliver questions in a standardized
manner so that each participant would receive the same question
wording. Responses to participant inquiries were also standar-
dized so that questions were handled consistently. During peri-
odic reviews of interviews, deviations from these procedures
were flagged and further review was conducted. Based on obser-
vations of additional interviews, further discussions with inter-
viewers, and discussions with participants some cases were
flagged for exclusion. Institutional Review Boards at Vanderbilt
University (Nashville, TN) and Meharry Medical College (Nashville,
TN) approved the study.

Of the 84,513 participants who completed the baseline question-
naire, we excluded those whose questionnaire data did not meet
the quality control criteria and were flagged for exclusion
(N=1023), who had missing sleep information (N=1419) or
reported extreme sleep duration (<3 h or> 12 h) on either weekday
or weekends (N =2981). We further excluded those who had a his-
tory of major chronic conditions at baseline, including cancer
(N =6629), cardiovascular disease (N =8845), Parkinson’s disease
(N =57), chronic obstructive pulmonary disease (N=4932), and
HIV/AIDS (N = 867). We further excluded those who reported to be
neither Black nor White. The final analytic cohort included 55,375
men and women.

Assessment of sleep

At baseline, participants reported how many hours (in full hours)
they typically slept in a 24-hour period, on weekdays and weekends
separately. For our main analysis, we grouped weekday and weekend
sleep duration into 7 categories: <5, 5, 6, 7, 8, 9, 10+ hours and we
used 8 hours (the largest group) as the reference. For analysis of
cause-specific mortality, we grouped sleep duration into four cate-
gories (<6, 6, 7—8, 9+ hours) to preserve statistical power and we
chose 7—8 hour group as the reference.

Mortality

Vital status was ascertained from the Social Security Administra-
tion (SSA) and cause of death was determined via linkage to the
National Death Index (NDI) through December 31, 2015. The end-
points of our analysis were all-cause mortality, cardiovascular mortal-
ity (International Classification of Diseases, 10th Revision codes 100-199)
and cancer mortality (C00-C79).

Covariates

The baseline questionnaire collected comprehensive information
on sociodemographic characteristics including age, sex, race/ethni-
city, education, household income, marital status and employment
status. Participants also reported height and weight, physical activity,
sedentary behaviors, alcohol drinking, smoking, and medical history
of chronic diseases.

Statistical analysis

To determine the relationship between sleep duration categories
and mortality risks in White and Black populations, we used Cox pro-
portional hazards model to estimate hazard ratios (HR) and 2-sided
95% confidence intervals (CI). Person-years of follow-up time were
calculated from the baseline until the date of death, or the end of fol-
low-up (December 31, 2015), whichever came sooner. To control for
potential confounders, we considered a series of models. In the
basic model, we controlled for age (continuous) and sex (male,
female). In a second model, we included variables that are potential
confounders, including education (less than high school, high school,
vocational training or some college, college or higher), household
income (<$15,000, $15,000-<$25,000, $25,000-<$50,000,
>$50,000), marital status (married, separated, divorced or widowed,
never married), and employment status (yes, no). We consider results
from this model as our main findings. In a third model, we further
adjusted for mortality risk factors that may be mediators of the
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Fig. 1. Associations between weekday and weekend sleep duration (seven categories) and total mortality in Blacks and Whites (age 40—79) in the Southern Community Cohort Study.
Diamonds (Blacks) and circles (Whites) represent hazard ratios for each category of sleep duration. Dotted (White) and solid (Black) lines represent polynomial trend lines. Models
were adjusted for age (continuous), sex (male, female), education (less than high school, high school, vocational training or some college, college or higher), household income
(<$15,000, $15,000-<$25,000, $25,000-<$50,000, >$50,000), marital status (married, separated, divorced or widowed, never married), and employment status (yes, no).

sleep-mortality relationship. These include lifestyle factors that have or more drinks per day), total physical activity (quartiles), total sitting
a bidirectional relationship with sleep, including smoking (current, time (quartiles), and BMI (<18.5, 18.5-<25.0, 25.0-<30.0, 30.0-<35.0,
former, never), alcohol (zero, more than zero but less than one, one  35.0-<40.0, >40.0, kg/m?),'9~2? as well as diseases that can be caused

Table 3
Associations (HR (95% CI)) between weekday sleep duration and mortality in Blacks and Whites (age 40—79) in the Southern Community Cohort Study, by race

Weekday sleep duration, hour

<6 6 7-8 9+
White
All-cause mortality
No. of death (%) 403 579 1083 237
Model 1 1.62 (1.44,1.82) 117 (1.06, 1.29) Ref 1.44 (1.25,1.65)
Model 2 1.24(1.11,1.40) 1.07 (0.97,1.19) Ref 114 (0.99,1.32)
Model 3 1.17 (1.04,1.32) 1.05 (0.95, 1.16) Ref 1.08 (0.94,1.25)
CVD mortality
No. of death (%) 114 153 276 65
Model 1 1.88(1.51,2.34) 1.24(1.01,1.51) Ref 1.56 (1.19, 2.05)
Model 2 145 (1.16,1.81) 1.14(0.93,1.39) Ref 1.25(0.95, 1.64)
Model 3 1.32(1.06, 1.65) 1.11 (0.91,1.36) Ref 1.15 (0.88,1.52)
Cancer mortality
No. of death (%) 86 118 276 49
Model 1 144 (1.13,1.83) 0.96 (0.77,1.19) Ref 1.17 (0.86, 1.59)
Model 2 1.17 (0.92,1.50) 0.89(0.72,1.11) Ref 1.02 (0.75,1.38)
Model 3 1.14 (0.89, 1.47) 0.88(0.71,1.10) Ref 0.99 (0.73,1.35)
Black

All-cause mortality
No. of death (%) 979 1500 3092 957
Model 1 1.03 (0.96, 1.10) 0.94 (0.89,1.00) Ref 1.20(1.12.1.29)
Model 2 1.02 (0.95,1.10) 1.00 (0.94, 1.06) Ref 1.10(1.02,1.18)
Model 3 1.02 (0.95,1.10) 0.98 (0.92,1.05) Ref 1.07 (0.99, 1.15)
CVD mortality
No. of death (%) 312 491 944 276
Model 1 1.08 (0.95,1.23) 1.02 (0.91,1.14) Ref 1.14 (0.99, 1.30)
Model 2 1.07 (0.94,1.22) 1.06 (0.95,1.18) Ref 1.03 (0.90, 1.18)
Model 3 1.07 (0.94,1.22) 1.05 (0.94, 1.18) Ref 1.03 (0.90, 1.17)
Cancer mortality
No. of death (%) 241 421 829 238
Model 1 0.96 (0.83,1.10) 1.00 (0.89,1.12) Ref 112 (0.97,1.29)
Model 2 0.95(0.83,1.10) 1.04 (0.92,1.17) Ref 1.04 (0.90, 1.20)
Model 3 0.95(0.82,1.10) 1.02 (0.91,1.15) Ref 1.01 (0.87,1.17)

Model 1: adjusted for age (continuous) and sex (male, female).

Model 2: adjusted for variables in Model 1 and education (less than high school, high school, vocational training or some college, college or higher), household income (<$15,000,
$15,000-<$25,000, $25,000-<$50,000, >$50,000), marital status (married, separated, divorced or widowed, never married), and employment status (yes, no). P-for-interaction
between sleep duration categories and race: 0.002 for all-cause mortality, 0.18 for CVD mortality and 0.20 for cancer mortality.

Model 3: adjusted for variables in Model 2 and smoking (current, former, never), alcohol (zero, more than zero but less than one, one or more drinks per day), total physical activity
(quartiles), total sitting time (quartiles), BMI (<18.5, 18.5-<25.0, 25.0-<30.0, 30.0-<35.0, 35.0-<40.0, >40.0, kg/m?), and history of diabetes (yes, no), hypertension (yes, no), hyperch-
olesterolemia (yes, no) and depression (yes, no).

Abbreviations: BMI, body mass index; Cl, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
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by sleep deficiency, including diabetes (yes, no), hypertension (yes,
no), hypercholesterolemia (yes, no) and depression (yes, no).>>~2°
Statistical significance was determined using P<.05.

Results

Study characteristics according to categories of weekday sleep
duration in White and Black participants are presented in Table 1.
Among White participants, when compared to those reporting 7—8
hours of sleep, both those reporting <6 hours or > 9 hours of sleep
duration were more likely to be female, unemployed and current
smokers, and have a history of diabetes, hypertension, and depres-
sion, but they were less likely to be married, report a household
income of 50 k or more, have completed high school, or consume 1
or more drinks per day. In addition, <6 hours of sleep was also asso-
ciated with younger age and higher levels of total physical activity
and energy intake, while >9 hours of sleep was associated with
hypercholesterolemia. Among Blacks, those reporting >9 hours of
sleep were less likely to have completed high school, report a house-
hold income of 50 k or more, but were more likely to be unemployed
and current smokers and had a higher daily energy intake. Less than 6
hours of sleep in Blacks was not associated with most characteristics,
except for higher likelihood of reporting depression.

We first examined the race-specific relationship between sleep
duration and all-cause mortality across the wide range of sleep

Table 4

hours, from <5 to >10 hours (Table 2 and Fig. 1). U-shaped associa-
tions were observed among both races, however the patterns
appeared to be more pronounced in Whites than in Blacks, and
there was a statistically significant interaction between race and
sleep duration in relation to all-cause mortality (P-for-interaction,
.001 for weekday sleep duration and 0.01 for weekend sleep). Speci-
fically, less than 5 hours of sleep was associated with ~25% increase in
all-cause mortality in Whites (HR _s vs s h (95% CI), weekday: 1.23
(1.04,1.46); weekend: 1.26 (1.06,1.51)), while the effects were weaker
and less consistent in Blacks (weekday: 1.08 (0.97, 1.20); weekend:
1.11 (1.00, 1.24)). Moreover, 5 hours of sleep was associated with
increased all-cause mortality in Whites (weekday: 1.19 (1.02, 1.38);
weekend: 1.24 (1.06, 1.46)) but not in Blacks (weekday: 0.95 (0.87,
1.04); weekend 1.02 (0.93, 1.12) for weekday and weekend sleep,
respectively). Sleep duration of 10 hours or more was also associated
with higher increase in all-cause mortality in Whites (weekday: 1.23
(1.02,1.48); weekend: 1.25 (1.08, 1.46)) than in Blacks (weekday: 1.14
(1.04,1.25); weekend: 1.08 (1.00, 1.16)). These findings with respect to
all-cause mortality persisted after adjustment for multiple confoun-
der (Model 2), although additional adjustment for potential media-
tors attenuated the findings considerably (Model 3).

Next we examined cause-specific mortality and for this analysis
we combined more extreme sleep duration categories to conserve
statistical power (Table 3 and Supplementary Fig. 1 for weekday
sleep and Table 4 and Supplementary Fig. 2 for weekday sleep). In

Associations (HR (95% CI)) between weekend sleep duration and mortality in Blacks and Whites (age 40—79) in the Southern Community Cohort Study, by race.

Weekend sleep duration, hour

<6 6 7-8 9+
White
All-cause mortality
No. of death (%) 356 483 1086 377
Model 1 1.78 (1.57, 2.00) 1.32(1.18,1.47) Ref 1.21 (1.08,1.36)
Model 2 1.25(1.11,1.42) 1.07 (0.96, 1.19) Ref 1.12 (0.99, 1.26)
Model 3 1.18 (1.04,1.33) 1.02 (0.92,1.14) Ref 1.06 (0.94,1.19)
CVD mortality
No. of death (%) 104 134 262 108
Model 1 2.25(1.79,2.83) 1.54 (1.25,1.89) Ref 148 (1.19, 1.86)
Model 2 1.59 (1.26, 2.01) 1.25(1.02, 1.54) Ref 1.37(1.10,1.72)
Model 3 1.47 (1.16, 1.85) 1.20 (0.97,1.48) Ref 1.28 (1.02, 1.61)
Cancer mortality
No. of death (%) 76 90 283 80
Model 1 1.54 (1.20, 1.99) 0.96 (0.75,1.22) Ref 1.02 (0.79, 1.30)
Model 2 1.19 (0.92,1.54) 0.82 (0.64, 1.04) Ref 0.96 (0.75,1.23)
Model 3 1.12 (0.86, 1.46) 0.80(0.63,1.02) Ref 0.92(0.72,1.19)
Black
All-cause mortality
No. of death (%) 962 1294 2888 1384
Model 1 1.16 (1.08,1.25) 1.03 (0.96, 1.10) Ref 112 (1.05,1.20)
Model 2 1.09 (1.01, 1.17) 1.02 (0.96, 1.09) Ref 1.09 (1.02, 1.16)
Model 3 1.06 (0.98,1.14) 1.00 (0.93,1.07) Ref 1.06 (0.99, 1.13)
CVD mortality
No. of death (%) 296 426 903 398
Model 1 1.15(1.01,1.31) 1.09 (0.97,1.22) Ref 1.04(0.92,1.17)
Model 2 1.08 (0.95,1.24) 1.08 (0.96, 1.21) Ref 1.01 (0.90, 1.13)
Model 3 1.06 (0.93,1.21) 1.06 (0.95, 1.19) Ref 1.00(0.89, 1.12)
Cancer mortality
No. of death (%) 241 346 794 348
Model 1 1.07 (0.93,1.24) 1.01 (0.89, 1.14) Ref 1.04 (0.92,1.18)
Model 2 1.02 (0.88,1.18) 1.00 (0.88, 1.14) Ref 1.01 (0.89, 1.15)
Model 3 0.99 (0.86, 1.15) 0.97 (0.85,1.10) Ref 0.98 (0.87,1.12)

Model 1: adjusted for age (continuous) and sex (male, female).
Model 2: adjusted for variables in Model 1 and education (less than high school, high school, vocational training or some college, college or higher), household income (<$15,000,
$15,000-<$25,000, $25,000-<$50,000, >$50,000), marital status (Married, separated, divorced or widowed, never married), and employment status (yes, no). P-for-interaction

between sleep duration categories and race: 0.04 for all-cause mortality, 0.03 for CVD mortality, and 0.19 for cancer mortality.

Model 3: adjusted for variables in Model 2 and smoking (current, former, never), alcohol (zero, more than zero but less than one, one or more drinks per day), total physical activity
(quartiles), total sitting time (quartiles), BMI (<18.5, 18.5-<25.0, 25.0-<30.0, 30.0-<35.0, 35.0-<40.0, >40.0, kg/m?), and history of diabetes (yes, no), hypertension (yes, no), hyperch-
olesterolemia (yes, no) and depression (yes, no).

Abbreviations: BMI, body mass index; CI, confidence interval; CVD, cardiovascular disease; HR, hazard ratio.
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Whites, we found stronger associations with both <6 hours and >9
hours of sleep for cardiovascular disease than all-cause mortality,
and the elevated mortality risk was particularly high for <6 hours of
sleep on weekends (1.59 (1.26, 2.01)). In contrast, we found no asso-
ciation between sleep duration and cardiovascular mortality in
Blacks. Also little if any association between sleep duration and can-
cer mortality was found in either Whites or Blacks. Excluding deaths
that occurred within 2 years (251 deaths in Whites and 618 deaths in
Blacks) after the baseline had little impact on our findings (data not
shown).

Discussion

In this cohort of racially-diverse and predominantly low-income
populations, we confirmed the previously reported U-shaped asso-
ciations between sleep duration and all-cause and cardiovascular
mortality in White participants. In Blacks, the relationship between
sleep duration and mortality was generally weaker and elevated mor-
tality was only observed for extreme sleep durations (<5 and 10+
hours).

Our finding of a U-shaped association between sleep duration and
all-cause and cardiovascular mortality in White participants is largely
consistent with previous studies in US cohorts with predominantly
White populations, such as the Nurse Health Study,?” the Cancer Pre-
vention Study 11, and the NIH-AARP Diet and Health Study.?® How-
ever, less is known about the relationship between sleep duration
and mortality in the Black population. To the best of our knowledge,
only the Multiethnic Cohort (MEC) has specifically examined differ-
ences in the sleep-mortality association between Blacks and
Whites.!” Although their population was from different geographic
regions (Hawaii and Los Angeles) and on average had higher socioe-
conomic status when compared to subjects in the SCCS, their findings
were largely comparable to ours. For example, they found <5 hours of
sleep was associated with an increase in all-cause mortality in Whites
(HR (95% CI), 1.30 (1.14, 1.48)) but not in Blacks (1.06 (0.96, 1.17)). On
the other hand, the MEC study found that >9 hours of sleep was asso-
ciated with all-cause mortality in both Whites (1.26 (1.14, 1.38)) and
Blacks (1.17 (1.06, 1.30)), although the magnitude of effects were
lower in Blacks than in Whites. Overall, both our finding and those
in the MEC suggest that the sleep duration was a weaker predictor
of all-cause mortality in Blacks when compared to Whites.

Our study extends the result of the MEC study by examining
cause-specific mortality in relation to sleep duration. In particular,
we found that although the effects of short sleep on mortality
seem to be more pronounced for cardiovascular mortality in
Whites, which was consistent with previous studies,'® the null
findings for short sleep and mortality in Blacks remained when
we examined cardiovascular deaths. It is unclear what factors
may explain the different effects of short sleep on cardiovascular
mortality in Blacks and Whites, but there is emerging evidence
suggesting that race may modulate the relationship between
sleep and multiple cardiometabolic outcomes and risk markers.
For example, in MEC, short sleep (<6 hours) was associated with
modestly higher incidence of type 2 diabetes with marginal statis-
tical significance in Whites (1.08 (0.96, 1.20)), but no evidence of
association was found in Blacks (0.98 (0.87, 1.11)).>! Moreover, in
a cross-sectional analysis of the 2005 National Health Interview
Survey, although short sleep was associated with higher odds of
having diabetes in both Whites and Blacks, the odds ratio for
Blacks (1.66) appeared to be lower than that for Whites (1.87),
and the study detected a statistically significant interaction
between sleep duration and race in relation to diabetes.?” In addi-
tion, a smaller study of 248 African Americans also found that
sleep was not associated with metabolic syndrome or individual
cardiometabolic markers including fasting glucose, triglycerides,

and cholesterol,®* despite a well-established relationship between

sleep and metabolic disorders in White populations.** Finally, in
a group of adolescents, actigraph-measured sleep was inversely
associated with blood pressure in Whites, but not in Blacks.*
Taken together, these findings appeared to be consistent with our
results and suggest that relationships between short sleep and car-
diometabolic health are weaker in the Black population. However,
our understanding in this area remains limited, and many of the
aforementioned studies are small and cross-sectional in nature.
Additional data from prospective studies with sufficiently large
samples of Black Americans are needed to firmly establish race-
specific relationships between sleep and cardiometabolic health
outcomes.

It is worth noting that both our study and the MEC study found
that long sleep was a significant predictor of higher all-cause mortal-
ity in Blacks. Some previous studies found that Blacks are more likely
to report long sleep than Whites in the US. For example, an analysis of
the nationally representative sample found that Blacks are 72% more
likely to report long sleep duration (>9 h) than Whites.'? Another
cross-sectional analysis of the American Time Use Survey also found
that when compared to Whites, Blacks were 87% more likely to report
extremely long sleep (>11 h). In the SCCS, we also observed a higher
prevalence of long sleep in Blacks (12.4%) than in Whites (8.6%). Given
the higher prevalence of longer sleep in Blacks, and the significant
association between long sleep and higher mortality, further research
is needed to identify environmental and individual factors that may
cause longer sleep in this population to inform the development of
potential intervention strategies to change sleep behavior and
improve health.

Our study has several strengths. First, it is conducted in a uniquely
diverse cohort with a large number of Blacks and relatively long fol-
low-up, which allowed for adequate power to examine the relation-
ship between sleep duration and all-cause as well as cause-specific
mortality in an understudied population. Also, the large sample size
has allowed us to perform sensitivity analyses in which deaths diag-
nosed within 2 years after sleep assessment were excluded, which
should have reduced the likelihood of reverse causation. Our study
also has several limitations. Most importantly, sleep durations were
self-reported and may be prone to error. Previous studies which com-
pared objectively-measured and self-reported sleep durations found
a moderate overall correlation between the two (r =0.45—0.47),
and on average, self-report overestimated sleep duration by ~1
h.2>%” These studies also suggested that the reliability of self-reported
sleep was lower in Blacks than in Whites, although the amount of
overestimation tended to be larger in Whites. Racial differences in
self-report patterns could lead to bias in estimating racial difference
in sleep-health relationships. Therefore, it is important for future stu-
dies to use objectively measured sleep duration to examine and com-
pare the relationship between sleep duration and mortality in
different racial and ethnic groups. In addition, sleep is a complex
behavior that cannot be characterized by duration alone. Unfortu-
nately, we did not have information on other sleep characteristics,
such as sleep quality, sleep timing and sleep disorders such as sleep
apnea, all of which are important determinants of health indepen-
dent of sleep duration. We encourage future studies to comprehen-
sively examine different aspects of sleep in relation to health in the
Black population.

In summary, our study identified potential differences in the
shape of the sleep-mortality associations between Blacks and
Whites, with weaker associations in Blacks. Future studies utiliz-
ing valid and comprehensive measures of sleep may be particu-
larly valuable to evaluate the health risks associated with
unhealthy sleep in the Black population and assess reasons for
potentially different health effects of sleep in Blacks compared
with Whites.
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