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Study Objectives: Prior studies have shown a morning chronotype for African Americans compared with non-Hispanic Whites, yet self-reported sleep timing is
delayed in African Americans compared with Whites.
Methods:We analyzed data from the Multi-Ethnicity Study of Atherosclerosis, a multisite community-based cohort. Self-reported and actigraphic sleep timing,
chronotype measured by the modified Horne-Östberg Morningness-Eveningness Questionnaire, and risk of depression measured by the Center for
Epidemiologic Studies Depression scale were examined using nonparametric approaches and linear or logistic regression while comparing between African
Americans and Whites and evaluating the effects of delayed sleep phase.
Results: In 1,401 participants, there was no difference in chronotype between African Americans andWhites. African Americans were 80%more likely to report a
delayed sleep phase (defined as bedtime after midnight) on weekdays and 50%more likely on weekends than wereWhites. Actigraphic data showed similar results.
Actigraphic midsleep time was delayed 38 minutes on weekdays and 24 minutes on weekends in African Americans compared with Whites. Stratified analysis by
chronotype showed that African Americans with a morning or intermediate chronotype had a significantly delayed sleep phase compared with Whites, but there
was no difference between African Americans and Whites with an evening chronotype. Delayed sleep phase was associated with depression, but this relationship
was only significant in White participants.
Conclusions: African Americans had a delayed sleep phase compared with Whites that was more pronounced in individuals with a morning or intermediate
chronotype. Consequences of delayed sleep phase may vary by race and ethnicity.
Keywords: delayed sleep phase, African American, health disparities, depression
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Prior research has shown that African Americans may have a morning chronotype compared with non-Hispanic
Whites but that African Americans have a relatively delayed sleep phase compared with non-Hispanic Whites.
Study Impact: In this large cohort, African Americans showed no difference in chronotype compared with non-HispanicWhites but weremuchmore likely to
have both self-reported and actigraphic delayed sleep phase compared with non-Hispanic Whites, and this difference was more pronounced in individuals
with a self-reported morning or intermediate chronotype. In addition, depression was associated with delayed sleep phase, but this relationship was only
significant in White participants.

INTRODUCTION

Prior research has suggested the presence of racial/ethnic dif-
ferences in the circadian rhythm of participants with African
ancestry when compared with those of European ancestry.1,2 In
the United KingdomBiobank study, Blacks were more likely to
exhibit morning-type sleep behavior than were Whites.3,4

Consistent with this finding, African Americans have been
reported to have a shorter tau than non-Hispanic Whites, which
would predict an earlier chronotype.1 Prior work has shown that
evening chronotype is associated with the latest bedtime
comparedwith intermediate andmorning chronotypes, whereas
morning chronotype is associated with the earliest bedtime

compared to intermediate and evening chronotypes.5,6 Given
these findings, it would be anticipated that because prior lit-
erature has shown an earlier chronotype in African Americans
than in Whites, delayed sleep phase would be less common in
African Americans than in Whites. Paradoxically, previous
work has shown African Americans to have a delayed sleep
phase as compared withWhites. Specifically, in the Sleep Heart
Health Study, a large multisite community-based cohort study,
African Americans were twice as likely to report delayed sleep
timing (defined as a self-reported bedtime of midnight or later)
compared with Whites.7 In addition, midsleep on free days was
delayed in African Americans compared with Whites, consis-
tent with a relative delayed sleep phase.
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Nomeasures of chronotype were collected in the Sleep Heart
Health Study, therefore it was not possible to evaluate any
differences in the chronotypes ofAfricanAmerican participants
compared with those of White participants as well as the po-
tential impact of chronotype on differences in sleep timing in
African American participants compared to White participants.
The Sleep Heart Health Study also did not collect data on
relevant socioeconomic factors that may influence sleep timing
such as household income. In addition, we have only been able to
evaluate self-reported sleep timing because no objective measures
of habitual sleep were included in the Sleep Heart Health Study.
Given our prior findings and associated limitations, we sought to
compare objective differences of sleep timing and the potential
influence of reported chronotype in African Americans compared
with Whites in a large community-based cohort.

The Multi-Ethnicity Study of Atherosclerosis (MESA) is a
large multisite community-based cohort with available mea-
sures including self-reported and objective measures of sleep
and self-reported chronotype. We hypothesized that in the
MESA cohort, African Americans would bemore likely to have
both self-reported and objective delayed sleep phase compared
with Whites. Given the prior evidence that does not support an
underlying biological tendency toward delayed sleep timing in
African Americans, we additionally evaluated whether any
underlying chronotype differences were present between Af-
rican Americans and Whites and whether chronotype had an
effect on the likelihood of delayed sleep phase.

Because of the known association between delayed sleep
timing and depression,7–9 we evaluated whether there were any
racial differences in the MESA cohort, which was designed to
evaluate for such differences. Prior research has found that the
association between depression and delayed sleep phase is
greater in individuals with a longer phase angle between dim-
light melatonin onset and sleep onset (ie, sleep onset is delayed
relative to circadian rhythm).10 Because prior research has
suggested that African Americans had a tendency toward an
early chronotype compared with Whites,1–4 we hypothesized
that a delayed sleep phase in African Americans would be
associated with an increased risk of depression compared with
Whites. Studies have shown racial differences in the effects of
short sleep duration leading tomore severe health consequences
in African American individuals than in White individuals.11,12

This finding suggests that not only may sleep disparities be
present, but there may also be subsequent disproportion in the
effects of these sleep disparities thatmay putAfricanAmericans
at higher risk for health effects because of sleep disparities.

METHODS

Study population
The MESA was designed to evaluate predictors of cardiovas-
cular disease in a diverse group of healthy individuals without
existing cardiovascular disease.13 The initial cohort (recruited
in 2000–2002) comprised 6,814 White, African American,
Hispanic/Latino, and Chinese adults aged 45–84 years in 6
U.S. communities: Baltimore, MD; Chicago, IL; Forsyth
County, NC; Los Angeles County, CA; Northern Manhattan

and SouthernBronx, NY; and St. Paul,MN.14 This initial cohort
has been followed sequentially for nearly 20 years with inter-
mittent exams. Exam 5 included the optional MESA sleep
ancillary study, which included 1 night of home-based poly-
somnography, 7 days of actigraphy, and sleep questionnaires.
The sleep ancillary studywas conducted in 2010–2013.A total of
3,789 MESA participants who denied the use of oral devices,
nocturnal oxygen, or PAP devices were invited to participate in
the sleep ancillary study, 2,261 of whom agreed to participate.15

Data sources
Demographic information, including age, sex, and self-
identified race/ethnicity, was obtained from questionnaires
completed during Exam 5 of the MESA cohort. Race/ethnicity
classifications included non-Hispanic White, non-Hispanic
Black/African American, Hispanic, and Chinese. For this
analysis, only individuals who self-reported as non-Hispanic
White or non-Hispanic Black/African Americanwere included.

Questionnaires from MESA Exam 5 were used to determine
relevant variables, including smoking history (pack years), self-
reported current alcohol use, and caffeine consumption (total
mgs per day as computed from their dietary questionnaire16).
TheCenter forEpidemiologicalStudiesDepressionscale (CES-D)
wasusedtodetermine thepresenceofdepression.17A score of≥16
on the CES-D indicated depression. Household income was
measuredbyself-report.Annual incomewasconverted toquartiles
based on MESA Exam 5 data distribution as follows: < $25,000,
$25,000–$49,999, $50,000–$74,999, and > $75,000. Participants’
body mass index (BMI) was used as calculated in their MESA
Exam 5 visit.

Self-reported bedtime, wake time, and sleep duration on
weekdays and weekends were obtained from the MESA sleep
questionnaire. Consistent with a prior study, delayed sleep
phase was defined as the reported time to fall asleep being
midnight or later.7 Chronotype was measured using the mod-
ified Horne-Östberg Morningness-Eveningness Questionnaire
(MEQ).18 Participants with an MEQ ≥ 18 were considered to
have a morning preference, those with an MEQ > 11 but < 18
were considered to have an intermediate preference, and par-
ticipants with anMEQ ≤ 11 were considered to have an evening
preference. Employment status and shift work status were also
obtained from the MESA sleep questionnaire. Individuals re-
ported their currentwork schedule as “donotwork,” “day shift,”
“afternoon shift,” “night shift,” “split shift,” “irregular shift/on-
call,” or “rotating shifts.” Consistent with previous research,19

we collapsed these categories into “do not work,” “day shift,” or
“other shift” for analysis. Other shift included “afternoon shift,”
“night shift,” “split shift,” “irregular shift/on-call,” and “ro-
tating shifts.”

Actigraphy
Actigraphy was completed using the Actiwatch Spectrum wrist
actigraph (Philips Respironics, Murrysville, PA) on partici-
pants’ nondominant wrist for 7 consecutive days along with a
concurrent sleep diary record. Actiware-Sleep version 5.59
analysis software (Mini Mitter Co, Inc, Bend, OR), was used to
score every 30-second epoch of actigraphic data as sleep or
wake. Sleep onset was annotated based on changes in activity
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count coupled with information from the marker input by
participants, environmental light, and sleep timing recorded in
the sleep diary.15 The final activity count for each epoch was
generated by incorporating the activity level in the surrounding
2-minute time period (ie, ± 2 minutes) using a validated
algorithm.15 Actigraphic measures of interest included time in
bed (analogous to bedtime, not total time in bed), time asleep,
time awake (sleep offset), time out of bed, total time in bed,
sleep duration, andmidsleep time.Mean values of eachmeasure
were examined for both weekdays and weekends.

Polysomnography
Polysomnography was conducted using a 15-channel monitor
(Compumedics SomteSystem,CompumedicsLtd,Abbotsville,
Australia). The recording montage included electroencepha-
lography, bilateral electrooculograms, chin electromyography,
bipolar electrocardiography, thoracic and abdominal respira-
tory inductance plethysmography, airflow measured by ther-
mocouple and nasal pressure cannula, finger pulse oximetry,
and bilateral limb movements. Apneas were scored when the
thermocouple signalflattened or nearlyflattened for greater than
10 seconds. Hypopneas were scored when the amplitude of the
sum of the abdominal and thoracic inductance signals or the
nasal pressure flow signal decreased by ≥ 30% or more for ≥ 10
seconds. Events were classified as either central or obstructive
according to the presence or absence of respiratory effort. The
apnea-hypopnea index (AHI) was calculated based on the
average number of all apneas plus hypopneas associated with a
4% desaturation per hour of sleep. Complete polysomnography
details have been previously published elsewhere.15

Statistical analysis
Statistical analysis was performed using SPSS Version 26
(IBM,Armonk, NY). To assess for differences between groups,
Pearson χ2 testswere used for categorical variables (sex, income
quartile, current alcohol use, chronotype). For continuous
variables, outcomes data were assessed for normality using the
Kolmogorov-Smirnov test. Because all outcomes examined
(self-reported sleep variables, actigraphic values, AHI, BMI,
caffeine use, smoking history, CES-D score, MEQ score) were
found to be nonnormally distributed, the Wilcoxon rank-sum
test or Kruskal-Wallis (for evaluating sleep duration by chro-
notype) test was used for unadjusted comparisons between
groups. Prior evidence has shown that linear regression/analysis
of covariance is most often not significantly biased compared
with nonparametric approaches for evaluation of nonpara-
metric data.20 In addition, we determined that the use of linear
regression would allow direct comparison to a prior study
of sleep timing in African Americans compared with Whites.7

Therefore, linear regression was used for continuous variables
with adjustment for age, sex,BMI, smoking, household income,
work schedule, AHI, alcohol use, and caffeine consumption.

Logistic regression was used to compare the likelihood of
delayed sleep phase (asmeasured by self-report and actigraphy)
betweenAfricanAmerican andWhites,with adjustment for age,
sex, BMI, smoking history, household income, work schedule,
AHI, alcohol use, and caffeine consumption. Logistic regres-
sion was also used to determine the relationship between

delayed sleep time (as measured by self-report and actigraphy)
and depression, with adjustment for age, sex, BMI, smoking
history, household income, AHI, alcohol use, and caffeine
consumption. Finally, logistic regression was used to evaluate
the relationship between chronotype and race with adjustment
for age, sex, BMI, smoking history, household income, AHI,
alcohol use, and caffeine consumption.

Age and sex were included as covariates because sleep
duration and timing are known to vary by age and sex.21 BMI
was includedbecauseobesity is associatedwith changes in sleep
duration.22 Similarly, smoking, alcohol use, and caffeine
consumption are known to be associated with alterations in
sleep quality and duration.23–26 Household income has been
associated with variation in both sleep timing and sleep
duration.27 Finally, the AHI is a measure of obstructive sleep
apnea, which is associated with an increased risk of depression
and with excessive daytime sleepiness, which may affect
both sleep timing and sleep duration.28

RESULTS

A total of 1,401 (578 African American and 823 White) par-
ticipants were included in the analysis. A comparison of the
demographic data from African American and White partici-
pants is shown inTable 1.There were no significant differences
in age, sex, smoking history, shift work, or AHI between Af-
rican Americans and Whites. African Americans were signif-
icantly more likely to report a lower income quartile than were
Whites. African Americans had a slightly higher BMI than
Whites. AfricanAmericanswere less likely to drink alcohol and
consumed less caffeine than were Whites. There was no sig-
nificant difference in chronotype as measured by the MEQ
between African Americans and Whites. CES-D scores were
slightly higher in Whites than in African Americans, but there
was not a significant difference in the percentage that met the
threshold for a diagnosis of depression in Whites as compared
with African Americans.

African Americans were more likely to self-report a delayed
sleep phase on both weekdays and weekends than wereWhites.
For weekdays, 27% ofAfricanAmericans reported a bedtime of
midnight or later compared with 17% of Whites (odds ratio
[OR], 1.8; 95% confidence interval [CI], 1.4–2.3; P < .001;
adjusted OR [aOR], 1.9; 95% CI, 1.3–2.8; P = .001). For
weekends, 34% of African Americans reported a bedtime of
midnight or later compared with 25% of Whites (OR, 1.7; 95%
CI, 1.3–2.3; P < .001; aOR, 1.8; 95% CI, 1.3–2.5; P < .001).

We evaluated 2 actigraphic markers for bedtime: actigraphic
time in bed and actigraphic time asleep. A significantly greater
prevalence of delayed sleep phase on both weekdays and
weekends was seen for both methods in African Americans
compared with Whites. For weekdays, 41% of African
Americans had an actigraphic time in bed of midnight or later
compared with 28% of Whites (OR, 1.7; 95% CI, 1.3–2.3; P <
.001; aOR, 1.6; 95%CI, 1.2–2.1; P = .004). For weekends, 53%
ofAfricanAmericans had an actigraphic time in bed ofmidnight
or later compared with 33% of Whites (OR, 2.2; 95% CI, 1.7–
2.9; P < .001; aOR, 2.2; 95% CI, 1.6–3.0; P < .001). Similar
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results were seen using actigraphic time asleep. For weekdays,
43% of African Americans had an actigraphic time asleep of
midnight or later compared with 29% of Whites (OR, 1.7; 95%
CI, 1.3–2.2; P < .001; aOR, 1.6; 95%CI, 1.1–2.1; P = .005). For
weekends, 55% of African Americans had an actigraphic time
asleep of midnight or later compared with 35% of Whites (OR,
2.2; 95% CI, 1.7–2.8; P < .001; aOR, 2.1; 95% CI, 1.5–2.8;
P < .001).

Socioeconomic status had a small effect on the odds of delayed
sleep phase. For self-reported weekday bedtime after midnight,
income in the second quartile was associated with lower odds of
delayed sleep phase compared with income in the first (lowest)
quartile (aOR, 0.6; 95% CI, 0.4–0.9; P = .02). No differences
were seen in the odds of delayed sleep phase for the upper 2
quartiles compared with the lowest quartile. No significant
association was present with objective measures of weekday
sleep timing. For self-reported weekend bedtime after mid-
night, we found a similar association in which only the second
quartile compared with the first was associated with lower odds
of delayed sleep phase (aOR, 0.7; 95% CI, 0.4–0.999; P = .49).
For actigraphic time in bed after midnight, a U-shaped effect
was present. The second and third quartileswere associatedwith
lower odds of delayed sleep phase (aOR, 0.6; 95% CI, 0.4–0.9;
P = .01 and aOR, 0.5; 95% CI, 0.3–0.8; P = .01, respectively).

For the highest quartile, there was no change in the likelihood of
delayed sleep timing (aOR, 0.7; 95% CI, 0.5–1.1; P = .13).
Using actigraphic time asleep after midnight yielded nearly
identical results as using actigraphic time in bed after midnight.

Self-reported sleep timing data are presented in Table 2. In
the unadjusted analysis, small but statistically significant dif-
ferences were present. African Americans reported a signifi-
cantly later weekday and weekend bedtime and an earlier
weekday and weekend wake time compared withWhites. Sleep
duration was shorter on weekdays and weekends in African
Americans comparedwithWhites. In the adjusted analysis, only
weekend bedtime and sleep duration on weekdays and week-
ends were significantly different between African Americans
and Whites.

Actigraphic sleep timing data are presented in Table 3.
Median weekday time in bed was 31 minutes later in African
Americans compared with Whites (P < .001). Median weekend
time in bedwas 41minutes later inAfricanAmericans compared
with Whites (P < .001). No difference in weekday time out of
bed was present, but African Americans were out of bed 14
minutes earlier on weekends compared with Whites (P = .01).
African Americans had significantly less sleep on weekdays
(median, 39 minutes less; P < .001) and weekends (median, 51
minutes less; P < .001) compared with Whites. Similar results

Table 1—Participant characteristics.

African American White P Value

Female sex (%) 56 52 .12

Age (y) 68 (61–76) 68 (61–76) .62

Income (annual, %) < .001a

< $25,000 35 22

$25,000–$49,999 31 24

$50,000–$74,999 14 20

≥ $75,000 21 35

Shift work (%) .48a

Do not work 59 55

Day shift 29 32

Other shift 13 13

BMI 29.9 (26.2–33.7) 27.3 (24.3–31.1) < .001a

Smoking (packs per y) 1 (0–10) 0 (1–11) .37

Current alcohol use (%) 34 49 < .001a

Caffeine use (mg/d) 28 (0–97) 97 (15–240) < .001a

AHI (events/h) 8.5 (2.8–19.3) 7.7 (2.9–17.8) .49

MEQ score 17 (14–20) 17 (15–20) .73

Chronotype (%) .19

Morning 67 69

Intermediate 18 19

Evening 16 12

CES-D score 3.5 (2–9) 4 (2–9) .02a

Depression (CES-D score > 16; %) 9 11 .1

Data presented as percentage for categorical data and median (interquartile range) for continuous data. aIndicates P <.05. BMI = body mass index, CES-D =
Center for Epidemiologic Studies Depression scale, MEQ = modified Horne-Östberg Morningness-Eveningness Questionnaire.
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were seen in the adjusted analysis, althoughweekendwake time
and midsleep time were not significantly different between
African Americans and Whites.

Consistent with a delayed sleep phase in African Americans
as compared with Whites, actigraphic midsleep time on both
weekdays and weekends was significantly later in African
Americans. Median weekday and weekend midsleep time was
15 minutes later in African Americans than in Whites (P < .001
and P = .006, respectively). Similar results were seen in the
adjusted analysis.Meanweekdaymidsleep timewas 27minutes
later in African Americans than in Whites (P = .02), and
weekend midsleep time was 20 minutes later (P = .03).

We additionally evaluated whether there was an interaction
between chronotype (morning, intermediate, or evening as
assessed by the MEQ) and race for delayed sleep phase. There
was a significant interaction (P < .001 for all measures) between
race and chronotype for both self-reported and actigraphic
measures of delayed sleep phase. Stratified analysis showed that
therewere no increasedodds of delayed sleepphase asmeasured
by either self-report or actigraphy in African Americans
compared with Whites in individuals with an evening chro-
notype. In individuals with an intermediate chronotype, acti-
graphicmeasures of delayed sleep phase showed increased odds
of delayed sleep phase in African Americans compared with
Whites but no difference in self-reported measures. African
Americans with a morning chronotype were much more likely
to report a delayed sleep phase thanwereWhites with amorning
chronotype. These results are depicted in Figure 1.

Actigraphic measures of sleep timing stratified by chro-
notype showed that there were more significant differences
between African American and White individuals with a
morning or intermediate chronotype compared with those with
an evening chronotype (Table 4). There were no significant

differences in actigraphic measures of sleep timing in African
American individuals compared withWhite individuals with an
evening chronotype. Sleep duration was significantly shorter in
African Americans compared to Whites regardless of chro-
notype. Chronotype was not significantly associated with either
weekday or weekend sleep duration in African Americans (P =
.28 and P = .11, respectively) or Whites (P = .86 and P =
0.50, respectively).

Logistic regression showed that there was no difference in
chronotype distribution between African American and White
participants. African Americans were not more likely than
Whites to have an evening chronotype (OR, 1.4; 95% CI, 0.95–
2.0; P = .09; aOR, 1.3; 95% CI, 0.8–2.2; P = .3) or a morning
chronotype (OR, 1.0; 95% CI, 0.8–1.4; P = .93; aOR, 1.1; 95%
CI, 0.7–1.6; P = .7), with an intermediate chronotype as
the reference.

Given priorfindings that delayed sleep timingwas associated
with an increased risk of depression,7 we evaluated the rela-
tionship between delayed sleep phase and depression (CES-D
score ≥ 16) along with depression symptoms (CES-D raw
score). We found that delayed sleep phase was associated with
an increased risk of depression, but this association was
only significant in White participants. In White participants,
self-reported delayed sleep phasewas associatedwith a 1.9-fold
greater risk of depression (95% CI, 1.1–3.5; P = .03). Similar
results were seen in the adjusted analysis (aOR, 2.0; 95%
CI, 1.1–3.8; P = .04). In White participants, actigraphic sleep
onset after midnight was similarly associated with a greater
risk of depression. The unadjusted OR was 2.4 (95% CI, 1.4–
4.0; P = .001) and the aORwas 2.6 (95%CI, 1.5–4.5; P = .001).
In African American participants, there was no significant as-
sociation present between delayed sleep phase and depression.
For the self-reported measures, the unadjusted OR was 1.7

Table 2—Self-reported sleep timing differences between African American and White participants.

Unadjusted Analysis

African American White P Value

Weekday bedtime 23:00 (22:00–00:00) 23:00 (22:00–23:30) .006a

Weekend bedtime 23:00 (22:00–00:00) 23:00 (22:30–23:45) .009a

Weekday wake time 6:30 (5:30–8:00) 6:45 (6:00–7:30) .04a

Weekend wake time 7:00 (6:00–8:15) 7:00 (6:30–8:00) .09a

Weekday sleep duration 7:30 (6:30–9:00) 8:00 (7:00–8:45) .005a

Weekend sleep duration 8:00 (7:00–9:00) 8:00 (7:30–9:00) .02a

Adjusted Analysis

African American White Difference P Value

Weekday bedtime 23:03 (22:51–23:16) 22:51 (22:41–23:00) 12 (–3 to 28) .13

Weekend bedtime 23:27 (23:16–23:38) 23:04 (22:55–23:13) 23 (8 to 38) .003a

Weekday wake time 6:47 (6:32–7:01) 6:56 (6:45–7:07) –10 (–28 to 9) .31

Weekend wake time 7:18 (7:04–7:32) 7:25 (7:14–7:36) –7 (–26 to 11) .43

Weekday sleep duration 7:25 (7:12–7:37) 8:05 (7:56–8:15) –41 (–56 to –25) < .001a

Weekend sleep duration 7:51 (7:37–8:04) 8:21 (8:10–8:31) –30 (–48 to –13) .001a

Unadjusted data are presented as median (interquartile range). Adjusted analysis was performed using linear regression with adjustment for household
income, age, sex, BMI, smoking, AHI, alcohol use, and caffeine consumption. Adjusted values are presented as mean (95% confidence interval). aIndicates
P < .05. BMI = body mass index.
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(95% CI, 0.8–3.4; P = .15) and the adjusted OR was 1.9 (95%
CI, 0.9–4.2; P = .1). For the association between actigraphic
sleep onset after midnight and depression, the unadjusted OR
was 1.4 (95%CI, 0.7–2.8; P = .4) and the aORwas 1.6 (95%CI,
0.7–3.3; P = .3). We additionally evaluated for any interaction
between delayed sleep phase and chronotype, but none was
present for either African Americans or Whites. Similar results
were seen for the association between depressive symptoms as
measured by CES-D score and delayed sleep phase (Table 5).

We examined the role of income as well. For White par-
ticipants, we found that therewas no strong association between
income quartile and depression. However, for African Amer-
ican participants, we found that increased household income
was associated with a decreased risk of depression. Income in
the highest quartile was associated with decreased odds of

depression compared with income in the bottom quartile (aOR,
0.1; 95% CI, 0.04–0.6; P = .005). This relationship was the
same regardless of the use of self-reported or actigraphic
measures of delayed sleep phase.

DISCUSSION

Consistent with a prior study in the Sleep Heart Health cohort,7

we found that African Americans were likely to have a delayed
sleep phase and reduced sleepduration in comparison toWhites.
This racial difference in sleep timing varied by chronotype,with
no significant delayed sleep phase in African American par-
ticipants compared with White participants with an evening
chronotype.We also again found, per the previous study,7 that a

Table 3—Objective sleep timing differences between African American and White participants.

Unadjusted Analysis

African American White P Value

Weekday time in bed 23:42 (22:48–00:53) 23:11 (22:25–00:05) < .001a

Weekday time asleep 23:45 (22:54–00:56) 23:16 (22:30–00:10) < .001a

Weekend time in bed 00:06 (22:59–01:09) 23:25 (22:37–00:25) < .001a

Weekend time asleep 00:09 (23:03–01:13) 23:29 (22:41–00:29) < .001a

Weekday sleep offset 6:49 (5:44–7:45) 6:51 (6:01–7:42) .55

Weekday time out of bed 6:51 (5:49–7:58) 6:53 (6:03–7:45) .62

Weekend sleep offset 7:05 (6:01–8:22) 7:22 (6:29–8:13) .009a

Weekend time out of bed 7:10 (6:04–8:25) 7:24 (6:31–8:16) .01a

Weekday midsleep time 3:20 (2:35–4:25) 3:05 (2:22–3:53) < .001a

Weekend midsleep time 3:41 (2:45–4:43) 3:26 (2:44–4:16) .006a

Weekday sleep duration 6:50 (5:28–7:40) 7:29 (6:39–8:12) < .001a

Weekday in bed duration 6:57 (5:55–7:48) 7:35 (6:45–8:20) < .001a

Weekend sleep duration 6:53 (5:34–7:55) 7:44 (6:51–8:35) < .001a

Weekend in bed duration 7:00 (5:38–8:04) 7:51 (6:56–8:42) < .001a

Adjusted Analysis

African American White Difference P Value

Weekday time in bed 23:55 (23:35–00:15) 23:23 (23:08–23:39) 31 (5 to 58) .02a

Weekday time asleep 23:59 (23:39–00:19) 23:28 (23:12–23:44) 31 (5 to 57) .02a

Weekend time in bed 00:13 (23:55–00:32) 23:42 (23:28–23:56) 31 (7 to 55) .01a

Weekend time asleep 00:17 (23:56–00:35) 23:47 (23:32–00:01) 30 (6 to 54) .01a

Weekday sleep offset 7:13 (6:50–7:37) 7:05 (6:46–7:23) 8 (–22 to 40) .57

Weekday time out of bed 7:16 (6:52–7:40) 7:07 (6:48–7:26) 9 (–22 to 40) .56

Weekend sleep offset 7:28 (7:09–7:48) 7:25 (7:10–7:40) 3 (–22 to 28) .8

Weekend time out of bed 7:34 (7:14–7:53) 7:28 (7:12–7:43) 6 (–20 to 32) .66

Weekday midsleep time 4:19 (3:50–4:48) 3:23 (3:01–3:46) 55 (18 to 93) .004a

Weekend midsleep time 4:18 (3:53–4:43) 3:49 (3:29–4:09) 29 (–4.2 to 62) .09

Weekday sleep duration 6:31 (6:18–6:43) 7:27 (7:17–7:36) –56 (–72 to –40) < .001a

Weekday in bed duration 6:37 (6:25–6:50) 7:33 (7:24–7:43) –55 (–72 to –40) < .001a

Weekend sleep duration 6:46 (6:30–7:02) 7:34 (7:21–7:47) –48 (–69 to –27) < .001a

Weekend in bed duration 6:56 (6:36–7:17) 7:41 (7:25–7:57) –45 (–71 to –19) .001a

Unadjusted data are presented as median (interquartile range). Adjusted analysis was performed using linear regression with adjustment for household
income, age, sex, BMI, smoking, AHI, alcohol use, and caffeine consumption. Adjusted values are presented as mean (95% confidence interval). aIndicates
P < .05. BMI = body mass index.
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Figure 1—Odds of delayed sleep phase in African Americans compared with Whites, stratified by chronotype.

Table 4—Objective sleep timing differences between African American and White participants, stratified by chronotype.

Morning Chronotype

African American White P Value

Weekday time asleep 11:23 (10:37–12:20) 11:01 (10:19–11:46) < .001a

Weekend time asleep 11:50 (10:43–12:36) 11:08 (10:21–11:57) < .001a

Weekday sleep offset 6:27 (5:30–7:22) 6:31 (5:50–7:17) .26

Weekend sleep offset 6:43 (5:49–7:24) 7:01 (6:18–7:45) .009a

Weekday midsleep time 3:01 (2:21–3:54) 2:47 (2:11–3:27) .003a

Weekend midsleep time 3:19 (2:35–4:06) 3:05 (2:29–3:47) .007a

Weekday sleep duration 6:55 (5:56–7:43) 7:31 (6:42–8:14) < .001a

Weekend sleep duration 7:04 (5:44–8:00) 7:46 (6:54–8:36) < .001a

Intermediate Chronotype

Weekday time asleep 00:25 (11:18–1:34) 11:43 (11:06–00:25) < .001a

Weekend time asleep 00:42 (11:53–1:45) 11:56 (11:25–1:05) .001a

Weekday sleep offset 7:15 (6:19–8:26) 7:21 (6:34–7:59) .76

Weekend sleep offset 7:54 (6:48–9:04) 7:58 (7:15–8:35) .70

Weekday midsleep time 4:04 (3:04–5:08) 3:31 (2:58–4:08) .003a

Weekend midsleep time 4:14 (3:26–5:13) 3:59 (3:27–4:46) .07a

Weekday sleep duration 6:36 (5:29–7:40) 7:27 (6:35–8:08) < .001a

Weekend sleep duration 6:42 (5:05–7:58) 7:40 (6:35–8:32) < .001a

Evening Chronotype

Weekday time asleep 00:59 (11:45–2:24) 00:38 (23:38–1:43) .30

Weekend time asleep 1:20 (00:00–2:49) 1:08 (00:04–2:12) .31

Weekday sleep offset 7:40 (6:50–9:14) 8:13 (7:31–9:10) .11

Weekend sleep offset 8:22 (6:34–9:36) 8:50 (7:58–10:00) .02a

Weekday midsleep time 4:36 (3:35–5:32) 4:36 (3:42–5:19) .79

Weekend midsleep time 4:51 (3:31–6:07) 5:00 (3:57–5:53) .81

Weekday sleep duration 6:44 (5:39–7:37) 7:28 (6:49–8:20) < .001a

Weekend sleep duration 6:32 (5:25–7:32) 7:43 (6:47–8:33) < .001a

Unadjusted data are presented as median (interquartile range). Adjusted analysis was performed using linear regression with adjustment for household
income, age, sex, BMI, smoking, AHI, alcohol use, and caffeine consumption. aIndicates P < .05. BMI = body mass index.
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bedtime after midnight was associated with an increased risk of
depression, but this relationship only seemed significant in
White participants.

Differences in self-reported bedtime tended to be small.
For example, the mean adjusted weekday bedtime for African
Americans was only 12 minutes later compared with Whites.
However, these differences seemed much greater when ob-
jectively measured by actigraphy: Median weekday bed-
time was 30 minutes delayed in African Americans compared
with Whites, with similar differences seen in the adjusted
mean weekday bedtime and that on weekends. This finding
suggests that there may be a relative underreporting of
delayed sleep phase in African Americans relative to Whites.
Future studies would benefit from objective sleep measure-
ment rather than self-reported measurement to reduce the risk
of bias because of underreporting. This finding also suggests
that the previous ~15-minute delay in bedtime in African
Americans compared with Whites in the prior study7 may have
underestimated the true relative delay in sleep phase. Consis-
tent with this finding, prior research has shown variation by
race/ethnicity in the accuracy of self-reported sleep duration
compared with the accuracy of objective measures such as
actigraphy and polysomnography. Specifically, Whites gen-
erally overestimated total sleep time per self-reports compared
with results from using objective measures of sleep time to a
significantly greater degree than African Americans,29,30 and 1
study of African Americans found that self-reported mea-
surements of sleep actually underestimated objective sleep.31

Similar to earlier findings,7 African Americans had signifi-
cantly shorter sleep duration (> 30minutes shorter onweekdays
and nearly an hour shorter on weekends as measured by
actigraphy). There was no difference in wake time on weekdays
or weekends regardless of measurement technique. This sug-
gests that the difference in sleep duration is predominantly
driven by a delayed bedtime. Based on our results, African
Americans obtain nearly 5 hours less sleep per week than do
Whites. Given that sleep restriction associated with delayed
sleep onset of 30minutes per day over a 5-day period decreased
performance on neurocognitive testing,32 this trend may con-
ceivably lead to significant adverse cognitive effects. Con-
versely, because sleep extension of 30minutes has also been
shown to improve cognitive performance,32 it is conceivable

that the potential cognitive impact of delayed sleep phase may
be reversible.

In our study, contrary to prior results in the United Kingdom
Biobank study showing a morning chronotype in Blacks, there
was no difference in self-reported chronotype between African
Americans and Whites.3,4 Note that the MESA participants
included in this study are approximately 15 years older than the
sample reported on in theBiobank study, so it is conceivable that
there may be an African American tendency toward a morning
chronotype relative toWhites that decreases with increased age
and the general tendency toward a morning chronotype in older
adults.33 Similarly, a prior study showing a shorter tau inAfrican
Americans included participants much younger than seen in our
study, with an age range of 20–43 years.1 Consistent with our
hypothesis that this chronotype difference may be age-
dependent, in the prior study measuring tau,1 17% of White
participants reported a morning chronotype on the MEQ
compared with 69% of White participants in the current study.
Forty-two percent of African Americans in the prior study1

reported a morning preference, compared with 67% in the
current study. This finding suggests that age-related changes in
chronotype may explain why no difference in chronotype was
seen in this study but was present in studies with younger
populations. Previous research has shown that ethnic differ-
ences in sleep timing and duration changewith age in children,34

further supporting this hypothesis. Figure 2 displays the re-
ported chronotype by age and race across the prior 2 studies1,4

and this study.
In the stratified analysis, we found that African American

participantswere significantlymore likely to have delayed sleep
phase comparedwithWhite participants if theyhad amorningor
intermediate chronotype, but there was no difference in sleep
timing between African American and White participants with
an evening chronotype. African American individuals with a
morning or intermediate chronotype may be driven by other
factors toward a later sleep schedule than they would otherwise
choose based on their chronotype, whereas African American
individuals with an evening chronotype may maintain a
schedule more typical of their chronotype. In addition, the
differences in sleep timingwere still present after adjustment for
household income. This finding suggests that at least this
measure of socioeconomic status is not a significant driver in
the observed differences in sleep timing.

Table 5—DSP and depressive symptoms stratified by race.

CES-D Score
African American White

DSP− DSP+ P DSP− DSP+ P

Unadjusted self-reported DSP 4 (2–9) 3 (2–10) .7 4 (2–9) 5.5 (2–11.8) .1

Adjusted self-reported DSP 6.4 (5.3–7.4) 8.0 (6.5–9.5) .08 7.2 (6.4–7.9) 9.3 (7.3–11.4) .049a

Unadjusted actigraphic DSP 3.5 (2–9) 3.5 (2–9) .4 4 (2–9) 5.5 (2–12) .003a

Adjusted actigraphic DSP 6.6 (5.5–7.7) 6.9 (5.5–8.2) .7 6.7 (5.9–7.6) 9.8 (8.3–11.2) < .001a

Self-reported DSP is defined as a reported bedtime of midnight or later. Actigraphic DSP is defined as a time asleep of midnight or later. Unadjusted data
are presented as median (interquartile range). Adjusted analysis was performed using linear regression with adjustment for household income, age, sex,
BMI, smoking, AHI, alcohol use, and caffeine consumption. Adjusted values are presented as mean (95% confidence interval). aIndicates P <.05. BMI = body
mass index, CES-D = Center for Epidemiologic Studies Depression scale, DSP = delayed sleep phase.
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Other potential factors that may contribute to the relative
delayed sleep phase inAfricanAmerican participants compared
with White participants may include social factors such as
neighborhood, job-related stresses, or social stresses. Prior
work has shown that poor neighborhood andhousing conditions
are associated with decreased sleep quality and short sleep
duration.35 Studies have also shown racial/ethnic differences in
the likelihood of short sleep by occupation, with evidence that
African American individuals are more likely to have short
sleep duration than are White individuals as professional re-
sponsibility increases.36 Similarly, racial/ethnic discrimination,
one form of social stress, has been associated with short sleep
duration and insomnia.37Unfortunately, these prior studies have
not evaluated delayed sleep phase, but given prior findings that
delayed sleep phase was closely associated with short sleep
duration,7 a similar effect is likely present. Many of these prior
studies have included actigraphy, which means that data related
to sleep timing would be available for future secondary ana-
lyses. Future work is needed to determine the underlying eti-
ology of delayed sleep phase in African American individuals
compared with White individuals.

Previous research has identified that delayed sleep phase is
associated with an increased risk of depression, although this
finding was limited by the lack of a validated questionnaire for
depression.7 In a prior study, there were no differences in this
association in African American participants as compared with
White participants, but the Sleep Heart Health Study cohort
used for that study was not specifically designed to measure
racial or ethnic differences in outcomes and did not have a

balancedrecruitmentofAfricanAmericanandWhiteparticipants.7

In our current study, using a cohort designed to evaluate racial
and ethnic differences in outcomes, we again found an asso-
ciation between delayed sleep phase and depression. However,
unlike many sleep-related health disparities that are more
significant in African American individuals,38 we found that the
relationship between delayed sleep phase and depression was
only significant in White participants. In this cohort, African
American participants seemed to not be at increased risk of
depression in the setting of delayed sleep phase.

Prior research using the American Time Use Survey has
shown that African Americans and Whites with short sleep
duration spent their increased wake time engaged in different
activities.27 Although no analysis has specifically examined this
difference in regard to delayed sleep phase, given the high
association of delayed sleep phasewith short sleep duration, it is
conceivable that this same associationmay be present inAfrican
Americans with delayed sleep phase compared with Whites
with delayed sleep phase. It is possible that the different ac-
tivities chosenmay have protective effects against depression in
AfricanAmerican individuals, butwe are unable to evaluate this
hypothesis in the current article. More research is needed to
better understand the effects of race and ethnicity on health
disparities. In particular, further research to understand the
resilience of African American participants that mitigated the
association between delayed sleep phase and depression seen in
White participants in the MESA cohort may shed a light on
possible targets for interventions to improve sleep-related
health disparities in African American individuals.

Figure 2—Self-reported chronotype of African Americans and Whites across the lifespan.

Data for young adults (mean age 33 years for African Americans and 30 years forWhites) and adults (mean age 52 years for African Americans and 57 years for
Whites) are derived from prior studies1,4 and data for older adults (median age 69 years for African Americans and 70 years for Whites) are from the
current study.
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Our study hasmultiple strengths. Although theMESAcohort
was not originally designed specifically to evaluate sleep
measures, it was explicitly designed to assess racial and ethnic
differences in health. We were therefore able to evaluate a
sample that included similar numbers of African Americans
(41%) andWhites (59%). In addition, unlike the prior study that
used the Sleep Heart Health Study,7 actigraphy was used to
obtain objective sleep measures in addition to self-reported
measures. We were also able to evaluate the role of chronotype
because of the inclusion of a self-reported measure of chro-
notype, theMEQ. Finally, we were able to include the covariate
of household income as a measure of socioeconomic status and
its effect on racial differences in sleep timing, and unlike in
previous research, we were able to use the CES-D, a validated
epidemiologic measure of depression.17

Our study has limitations aswell. The use of linear regression
for adjusted analysis in our sample likely had reduced statistical
efficiency and consequently larger (less significant) P values as
compared to the unadjusted nonparametric analysis. This detail
may explain the differences in some of the P values in the
adjusted vs the unadjusted analysis, which resulted in some
outcomes having statistical significance in the unadjusted
analysis but not in the adjusted analysis. However, our use of
this approach for the adjusted analysis allowed a direct com-
parison to the prior study of delayed sleep timing in African
Americans relative to Whites in the Sleep Heart Health Study.7

In addition, we used a self-reported measure of chronotype, the
MEQ, rather than the direct measurement of tau to objectively
determine circadian rhythm. However, given the high partici-
pant burden associated with study protocols to directly measure
tau, it is unlikely that the measurement of tau would be feasible
in a large multisite community cohort such as the MESA.
Furthermore, although we provide information on midsleep
differences, data on the use of alarm clocks were not available.
Given that alarm clock use may advance calculated midsleep
timing by leading to an earlier wake time than chronotype
would predict, midsleep timing results in this cohort may not
be an accurate reflection of true midsleep timing. In particular,
given the delayed bedtime and shorter sleep duration in Af-
rican American participants compared withWhite participants
but no difference in wake time, it is possible that the difference
in midsleep time was smaller than what it may have been if
participants had midsleep time assessed in the known absence
of an alarm. Finally, there is an important distinction between
race as a primary factor vs race as amarker of interest within the
context of other social, cultural, and environmental factors.

Note that we also focused on only African Americans and
Whites for this analysis and did not include Asian and Hispanic
MESAparticipants.We chose this approach becausewe felt that
a single analytic approach would not be appropriate for com-
parisons between all 4 ethnic groups included in the MESA
study. Specifically, certain covariates such as acculturation (as
measured by language or other metrics) are highly relevant to
Asian and Hispanic participants but are not relevant to African
American or White participants. Similarly, for Hispanic par-
ticipants, information on place of origin (eg, Mexico, Puerto
Rico) may be an important covariate to include that does not
have any direct correlates for African American participants.

Future analyses are needed to examinewhether there are similar
disparities in sleep timing in Asian and Hispanic participants in
the MESA cohort.

CONCLUSIONS

African Americans were more likely to experience delayed
sleep phase and short sleep duration when compared with
Whites. Specifically, African American individuals with a
morning or intermediate chronotype seemed specifically more
likely to have a delayed sleep phase than did White individuals
with the same chronotype. We also found that delayed sleep
phase was associated with depression, but this relationship was
only significant in White participants. These results highlight
the need for further research to better understand sleep and
health disparities that vary by race/ethnicity.

ABBREVIATIONS

AHI, apnea-hypopnea index
aOR, adjusted odds ratio
BMI, body mass index
CES-D, Center for Epidemiologic Studies Depression scale
CI, confidence interval
MEQ, modified Horne-Östberg Morningness-

Eveningness Questionnaire
MESA, Multi-Ethnicity Study of Atherosclerosis
OR, odds ratio
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