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Abstract

Biological evidence suggests that ethno-racial differences in morning—evening type are possible,
whereby Blacks may be more likely to be morning type compared to Whites. However,
population-level evidence of ethno-racial difference in morning—evening type is limited. In an
earlier study, we reported that morning type was more prevalent in Blacks compared to Whites in
the United Kingdom (UK) Biobank cohort (N = 439 933). This study aimed to determine if these
ethno-racial differences persisted after accounting for an even broader range of social,
environmental and individual characteristics and employing an analytic approach that simulates
randomization in observational data, propensity score modeling. Data from UK Biobank
participants whose self-identified race/ethnicity was Black/Black British or White; who did not
report daytime napping, shift work or night shift work; who provided full mental health
information; and who were identified using propensity score matching were used (N = 2044).
Each sample was strongly matched across all social, environmental and individual characteristics
as indicated by absolute standardized mean differences <0.09 for all variables. The prevalence of
reporting nocturnal short, adequate and long sleep as well as morning, intermediate and evening
type among Blacks (7= 1022) was compared with a matched sample of Whites (7= 1022) using
multinomial logistic regression models. Blacks had a 62% greater odds of being morning type
[odds ratio (OR) = 1.620, 95% confidence interval (CI): 1.336-1.964, p < .0001] and a more than
threefold greater odds of reporting nocturnal short sleep (OR = 3.453, 95% CI: 2.846-4.190, p<.
0001) than Whites. These data indicate that the greater prevalence of morning type and short
nocturnal sleep in Blacks compared to Whites is not fully explained by a wide range of social and
environmental factors. If sleep is an upstream determinant of health, these data suggest that ethno-
racially targeted public health sleep intervention strategies are needed.
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Introduction

Stagnant and widening gaps in health equity between Blacks and Whites persist despite
significant efforts to reduce these disparities (DeFranco et al., 2016; U. S. Department of
Health and Human Services, 2014). Narrowing this gap requires novel, targeted, population-
based approaches that improve social and environmental conditions, as well as individual
behavior (Beaudreault, 2015; Heiman & Artiga, 2015). Within this broad framework, sleep
has been considered an upstream determinant to health (Grandner et al., 2016).

Several related, yet distinct dimensions of sleep, such as restricted sleep (Buxton et al.,
2010; Spiegel et al., 1999), short sleep (Cappuccio et al., 2010; Malone et al., 2016), late
chronotype (Merikanto et al., 2013) and irregular sleep times (Taylor et al., 2016; Wong et
al., 2015) have been associated with cardio-metabolic diseases. Hypertension is more
prevalent in persons reporting short sleep (<6 h), independent of socioeconomic status
(Stranges et al., 2010). Impaired glucose tolerance and reduced resting metabolic rates are
caused by restricting sleep to <6 h in healthy adults (Buxton et al., 2010). Both short and
restricted sleep have critical implications for Blacks who have been demonstrated to gain
more weight and to have higher C-reactive protein associated with these sleep habits than
other ethno-racial groups (Grandner et al., 2013; Spaeth et al., 2015). Yet, Blacks are more
likely to report short sleep from infancy through adulthood and the prevalence of short sleep
in Blacks continues to increase and exceed the prevalence of short sleep reported by Whites
(Jean-Louis et al., 2015; Pena et al., 2016). Moreover, social and environmental conditions
that contribute to short sleep are more likely borne by Blacks than Whites (e.g. shift work,
job-related stress, urban living) (Ertel et al., 2011; Golden, 2001; Jackson et al., 2013). This
collective evidence, along with evidence that cardio-metabolic diseases disproportionately
impact Blacks (Golden et al., 2012), implies that short sleep and restricted sleep may be
contributing factors to ongoing health disparities.

Another dimension of sleep that is associated with health is morning—evening type, or
individual preferences for morning or evening activities, including sleep—wake times (Adan
etal., 2012). Morning-type persons have earlier sleep—wake times; evening-type persons
have later sleep—wake times (Horne & Ostberg, 1976). These differences have important
implications for metabolic health, beyond that of sleep duration (Leproult et al., 2014;
Merikanto et al., 2013). For example, evening-type persons with type 2 diabetes have poorer
glucose control compared to their morning-type counterparts (Reutrakul et al., 2013). This
suggests that targeting sleep duration alone may be ineffective in fully mitigating health
risks posed by short sleep. Sleep intervention strategies must also be informed by differences
in morning—evening type. Yet, little is known about ethno-racial differences in morning—
evening type at the population level.

We have reported that morning type is more prevalent in Blacks compared to Whites in the
United Kingdom (UK) Biobank cohort (V=439 933) (Malone et al., 2016). This is
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congruous with laboratory evidence that Blacks have shorter circadian periods than Whites
(Eastman et al., 2012; Smith et al., 2009) because shorter and longer circadian periods are
associated with morning and evening types, respectively (Duffy et al., 1999; Jones et al.,
1999). Laboratory data also show that exposure to morning light causes Blacks to advance
their sleep—wake times three times greater than Whites, whereas exposure to evening light
causes Blacks to delay their sleep—wake times only half as much as Whites (Eastman et al.,
2015). These ethno-racial differences in circadian periods and light—dark cue responsiveness
imply that Blacks may be more likely to have a morning time preference. However, it
remains unknown whether this laboratory evidence translates to ethno-racial differences in
morning—evening type in community-dwelling adults after accounting for an even broader
range of social, environmental and individual characteristics (i.e. Do Blacks have a greater
morning sleep timing preference than Whites?). See Figure 1.

To address this gap, propensity score modeling was used to determine if nocturnal sleep
duration and morning—evening type differed in a sample of Black and White adults from the
UK Biobank cohort study. Propensity score matching simulates randomization in
observational data by making two groups (Blacks and Whites, in this study) as comparable
as possible with respect to relevant confounding variables (Williamson & Forbes, 2014).
Thus, ethnicity/race (Black versus White) was the independent variable; nocturnal sleep
duration and morning—evening type the dependent variables. Blacks and Whites were
matched on a broad range of factors known to impact the ability to obtain sleep or to
influence sleep—wake timing. This included sociodemographic characteristics (age, sex,
attending college, employment) (Dahlgren et al., 2005; Hagen et al., 2016; Hale and Phuong,
2007; Johnson et al., 2016; Lane et al., 2016), environmental characteristics (time outdoors,
urban living, season of birth, season of assessment) (Allebrandt et al., 2014; Hale and
Phuong, 2007) and individual characteristics (chronic health conditions, smoking, physical
activity, caffeine, computer/TV time) (Lane et al., 2016). Should ethno-racial differences in
morning—evening type and sleep duration be observed from this rigorous, population-level
analysis, there would be a platform to suggest that ethno-racially targeted public health sleep
intervention strategies are needed.

Study design and population

Data from the UK Biobank, a large cohort study, were used for these analyses. From 2006 to
2010, 502 642 adults registered with the National Health Services and living within a 25-
mile radius of a UK Biobank assessment center were recruited for baseline assessments. The
UK Biobank Project’s methodology, surveys and procedures are available on the UK
Biobank Project website (UK Biobank). The UK Biobank approved all protocols and each
participant gave an informed consent (UK Biobank). This study was approved by the
University of Pennsylvania Institutional Review Board.
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Participants responded to the touchscreen question “What is your ethnic group?” with one of
the following eight options: (1) White (British, Irish or other White background), (2) Black
or Black British (Caribbean, African or any other Black background), (3) Asian or Asian
British (Indian, Pakistani, Bangladeshi or any other Asian background), (4) Chinese, (5)
Mixed (White and Black Caribbean, White and Black African, White and Asian or any other
Mixed background), (6) other ethnic group, (7) do not know or (8) prefer not to answer. For
this analysis, only participants whose self-identified ethnicity was White or Black/Black
British were included.

Nocturnal sleep duration

Sleep duration was assessed with the touchscreen survey item “About how many hours of
sleep do you get in every 24 hours? (Please include naps)”. Responses were given as integers
and categorized as short (<6 h), adequate (7-8 h) and long (=9 h) (Grandner et al., 2014). To
align with this categorization for nocturnal sleep duration described by Grandner et al.
(2014), we excluded individuals reporting daytime naps. Self-reported sleep duration is
correlated with actigraphy-estimated sleep duration (Cespedes et al., 2016; Lauderdale et al.,
2008).

Morning—evening type

Morning—evening type was measured by a single touchscreen survey item “Do you consider
yourself to be ... definitely a morning person, more a morning than evening person, more an
evening than a morning person, or definitely an evening person?” Response options included
(1) definitely morning (coded as morning), (2) more a morning than evening person (coded
as intermediate), (3) more an evening than morning person (coded as intermediate) and, (4)
definitely evening (coded as evening). This single question explains the greatest variance in
sleep—wake time preferences (Taillard et al., 2004).

Sociodemographic, environmental and individual characteristics associated with sleep
duration or morning—evening type were also included. Current sociodemographic
characteristics were derived from responses to touchscreen survey questions including (1)
age (years), (2) sex (male/female), (3) attended college (coded as yes/no), (4) employment
(coded as employed/unemployed/retired), (5) shift work (coded as yes/no) and (6) night shift
work (coded as yes/no). Environmental and individual characteristics were derived from
responses to touchscreen survey questions including (1) daytime naps (coded as yes/no), (2)
insomnia (coded as yes/no), (3) narcolepsy (coded as yes/no), (4) currently smoking (coded
as yes/no), (5) caffeine consumption (coded as “no” for decaffeinated coffee, coded as “yes”
for instant coffee, ground coffee and other types of coffee), (6) physical activity (minutes per
week walking, moderate, vigorous), (7) computer use (h/day), (8) TV (h/day), (9) time spent
outdoors in summer (h/day), (10) time spent outdoors in winter (h/day), (11) home density
population (coded as urban/rural), (12) season of assessment (spring/summer/winter/fall)
and (13) season of birth coded as spring (March, April, May), summer (June, July, August),
fall (September, October, November), winter (December, January, February). For all
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questions, “prefer not to answer” and “do not know responses” were coded as missing.
Participants who reported daytime napping, shift work or night shift work were excluded
from this analysis.

Participants also responded to several touchscreen survey questions about physical and
mental health. Physical health diagnoses queried included hypertension, angina, heart attack,
stroke and diabetes (coded as yes/no/don’t know). Measured height and weight was used to
calculate body mass index (BMI) (kg/m?2) (Keys et al., 1972). Participants with a BMI =25
kg/m?2 were classified as overweight/obese (Centers for Disease Control and Prevention).
Mental health diagnoses queried included bipolar and major depression status (coded as
bipolar disorder or depression (yes/no)). Only participants that had full information available
to accurately assess their mental health status were included in this analysis. Touchscreen
survey questions and response options for each item can be found on the UK Biobank
website (UK Biobank).

Data analysis

Cross-sectional data from 502 642 participants were obtained. Participants that provided full
mental health information whose self-identified ethnicity was White or Black/Black British
and did not report daytime napping, shift work or night shift work were included leaving 53
420 participants in the final sample prior to matching. Continuous variables were described
using means and standard deviations, categorical variables as frequencies and percentages.

Several steps were taken to match Black and White participants on a propensity score so that
ethno-racial differences in morning—evening type, nocturnal sleep duration and morning—
evening type/nocturnal sleep duration combinations could be examined. First, three logistic
regression models were used to estimate a propensity score using variables known to be
associated with morning—evening type or nocturnal sleep duration. These variables included
age, sex, college attendance, employment, insomnia, narcolepsy, current smoking, caffeine
intake, physical activity, computer and TV use, time spent outdoors (summer and winter),
home density population, season (assessment and birth), bipolar and major depression status,
overweight/obesity, comorbidities (diabetes, hypertension, angina, heart attack, stroke) and
sleep disorders (narcolepsy, insomnia) for all propensity score-matched analyses. Nocturnal
sleep duration was added as a matching variable to test ethno-racial differences in morning—
evening type (Model 1). Morning—evening type as added as a matching variable to test
ethnic differences in nocturnal sleep duration (Model 2). Nocturnal sleep duration and
morning—evening type were both excluded as matching variables to test ethno-racial
differences in morning—evening type/nocturnal sleep duration combinations (Model 3).

Second, the propensity scores from the logistic regression models were used to match each
Black participant to a White participant with the closest propensity score on a ratio of 1:1
using a nearest neighbor approach with no replacements. Absolute standardized mean
differences (ASMDs) were used as a balance statistic for individual covariates, where an
ASMD below 0.20 is desirable for all variables (Cohen, 1988).
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Third, the association between morning—evening type and ethnicity/race (Model 1),
nocturnal sleep duration and ethnicity/race (Model 2) and morning—evening type/nocturnal
sleep duration combinations (Model 3) with ethnicity/race were analyzed using multinomial
logistic regression models in each appropriate matched sample. These final multinomial
logistic regression models were unadjusted as all matching variables demonstrated balance
according to the ASMD estimates. To account for multiplicity, statistical significance was
considered at the 0.05/3 = 0.017 level (Wright, 1992, December).

Propensity score and matching procedures were conducted using the Matchlt package in R,
which required no missing values in the data before matching (Ho et al., 2011). Missingness
was 41% for vigorous activity, 22% for moderate activity, 21% for caffeine intake, 13% for
college and no more than 1% of the final sample for all other matching variables. In order to
deal with missing entries, the mode was replaced for missing categorical variables and the
mean for missing continuous variables prior to matching (Little & Rubin, 1987). All other
analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC).

Unmatched sample

Baseline characteristics of participants in the unmatched sample—Analyses
were restricted to participants reporting White or Black/Black British ethnicity providing
full mental health status information and reporting no daytime napping, shift work or night
shift work. This reduced the baseline sample from 502 642 to an unmatched sample of 53
420 (see Figure 2). In the unmatched sample, 98% were White with a mean age of 56 (SD =
8) years, 61% were female, 37% attended college and 58% were employed. For nocturnal
sleep duration, 24% reported short sleep, 71% reported adequate sleep and 5% reported long
sleep. For morning—evening type, 26% reported morning type, 65% reported intermediate
type and 8% reported evening type. Table 1 displays all baseline characteristics of the
unmatched and matched Black and White participants.

Matched sample

Characteristics of participants in the matched samples—Each propensity score-
matched sample included 2044 participants (1022 Blacks, 1022 Whites). The final sample of
1022 Blacks was matched to 1022 Whites with a similar propensity score for each
appropriate model (Model 1: not matched on morning—evening type, Model 2: not matched
on nocturnal sleep duration, Model 3: morning—evening type/nocturnal sleep duration
combination). Before matching, there were differences in the proportion of Blacks and
Whites across all morning—evening and nocturnal sleep duration categories (see Table 1
Unmatched sample). To obtain closely matched samples for each model, 2875 different
White participants were matched to 1022 Black participants. Although the number of White
participants that were the same for all three models was low (0.4%), the descriptive statistics
in Table 1 do not suggest that these different participants were very different from one
another and excellent matching was achieved by using this approach. In sum, Blacks and
Whites were balanced on all baseline characteristics for each appropriate model after
matching (see Table 1 Matched sample). In the matched samples, all ASMD estimates were
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below 0.09 indicating Blacks and Whites were well-matched. See Figure 3A-3C. Please
note that an ASMD below 0.20 is an indicator of balance between groups (Cohen, 1988).

Association between morning—evening type and ethnicity/race in the matched
sample (Model 1)—After matching on variables associated with morning—evening type
(including nocturnal sleep duration), morning type was reported by 36.8% Blacks and 26.8%
Whites; intermediate type was reported by 53.7% Blacks and 63.4% Whites; and evening
type was reported by 9.5% Blacks and 9.8% Whites. Compared to Whites, Blacks had a
62% increased odds of being a morning than an intermediate type [odds ratio (OR) = 1.620,
95% confidence interval (CI): 1.336-1.964, p < .0001]. No significant ethnic differences
between intermediate and evening types were observed after matching (Table 2).

Association between nocturnal sleep duration and ethnicity/race in the
matched sample (Model 2)—After matching on variables associated with sleep duration
(including morning—evening type), nocturnal short sleep was reported by 50% Blacks and
23% Whites, nocturnal adequate sleep was reported by 46% Blacks and 72% Whites and
nocturnal long sleep was reported by 4% Blacks and 5% Whites. Compared to Whites,
Blacks had a more than threefold increased odds of reporting nocturnal short than adequate
sleep (OR = 3.453, 95% ClI: 2.846-4.190, p < .0001). No significant ethnic differences
between nocturnal adequate and long sleep were observed after matching (Table 2).

Associations between morning—evening type/nocturnal sleep duration groups
and ethnicity/race in the matched sample (Model 3)—Across all morning—evening
preferences, Blacks had a greater odds of reporting nocturnal short sleep than Whites.
Compared to Whites, Blacks had over a fourfold increased odds of reporting morning type/
nocturnal short sleep, (OR = 4.596, 95% CI: 3.381-6.248, p < 0.001), an almost fourfold
increased odds of reporting intermediate type/nocturnal short sleep (OR = 3.676, 95% ClI
2.831-4.774, p< 0.001) and an over a threefold increased odds of reporting evening type/
nocturnal short sleep (OR = 3.358, 95% CI 2.171-5.194, p < 0.001) combinations than
intermediate type/nocturnal adequate sleep combinations. Compared to Whites, Blacks also
had a 63% increased odds of reporting morning type/nocturnal adequate sleep (OR = 1.627,
95% Cl: 1.260-2.102, p =0.0002) than intermediate type/nocturnal adequate sleep
combinations (Table 2).

Discussion

This study investigated ethno-racial differences in nocturnal sleep duration and morning—
evening type in a population sample of Black and White adults across sociodemographic,
environmental and individual characteristics known to contribute to variation in sleep
duration and morning—evening type. The novel finding was that morning type was
significantly more prevalent in Blacks compared to Whites in this fully matched population
sample. As expected, nocturnal short sleep was more prevalent in Blacks than Whites across
all morning—evening categories. Blacks report greater morning-type preferences than
Whites. Greater prevalence of morning type reported by Blacks compared to Whites at the
population level corroborates our earlier finding (Malone et al., 2016) and extends it by
showing that this relationship is retained even when the Black and White cases in the
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analytic sample are strongly matched for sociodemographic, environmental and individual
factors. The implication of this finding is that Black and White differences in morning-
evening type cannot be attributed to these external variables, and perhaps give rise to greater
consideration of biological hypotheses. Such biological hypotheses may consider the
mechanisms of circadian periods and genetic factors. Shorter circadian periods in Blacks
compared to Whites have been reported (Eastman et al., 2012, 2015; Smith et al., 2009),
which would converge with the current data showing Blacks more likely to be morning type.
While we relied on self-reports to determine ethno-racial groups in this study, some of these
earlier studies relied on genetic ancestry (Eastman et al., 2015). In our sample, Black
participants self-reported their ethnic backgrounds as Caribbean (71%), African (27%) and
other Black ethnicity (2%); White participants self-reported their ethnic backgrounds as
British (91%), Irish (4%) and other White ethnicity (5%). Thus, our participants’ ethnic
backgrounds may differ from the sub-Saharan African ethnicity and European ethnicity
determined using genetic ancestry of participants in earlier studies (Eastman et al., 2015).
However, genetic correlates of morning—evening type have been reported near core circadian
clock and light sensing pathways that influence sleep timing in persons with European
ancestry (Hu et al., 2016; Lane et al., 2016). The extent to which these genetic variants may
relate to ethno-racial differences in morning—evening type is not yet known.

Blacks report shorter nocturnal sleep than Whites

Self-reported short nocturnal sleep was more prevalent in Blacks than Whites in this strongly
matched sample of Black and White adults. These findings converge with earlier studies
demonstrating attenuated but persistent shorter sleep in Blacks than Whites after accounting
for socioeconomic factors (e.g. income, education, employment, household living
conditions) (Cunningham et al., 2015; Krueger & Friedman, 2009; Nunes et al., 2008;
Stamatakis et al., 2007). Our data imply that shorter nocturnal sleep in Blacks compared to
Whites is not fully explained by a wide range of social and environmental factors.

Our findings are inconsistent with evidence that ethno-racial differences in sleep duration
dissolve after accounting for social and environmental factors. These differences may stem
from a more nuanced relationship between race/ethnicity and sleep than previously
considered. Gamaldo et al. (2015) reported that Blacks were not more likely to report short
sleep than Whites when urban neighborhood characteristics, such as graffiti, drug dealers
and gang violence, were considered. Jackson et al. (2013) reported that higher educational
attainment and greater professional responsibility was associated with longer sleep in
Whites, but shorter sleep in Blacks. These differences suggest that perceived discrimination
and limited social support for Blacks in higher socioeconomic positions may underlie sleep
disparities (Tomfohr et al., 2012). Aggregated measures, such as urban versus rural living,
may fail to capture a more nuanced relationship between socioeconomic status and sleep.
This may include vast differences in urban neighborhoods, such as exposure to violence, or
individual perceptions, such as feelings of safety (Gamaldo et al., 2015). Advancing this
work at the population level includes identifying better estimates to capture nuanced
relationships between race/ethnicity, sleep and social determinants of sleep, as well as
determining whether Blacks reporting short sleep are sleep deprived.
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Blacks report short nocturnal sleep across all morning—evening-type preferences

Across all morning—evening-type categories, Blacks were more likely to report nocturnal
short sleep than Whites. Compared to Whites, morning type/nocturnal short sleep,
intermediate type/nocturnal short sleep and evening type/nocturnal short sleep were more
prevalent in Blacks compared to intermediate type/nocturnal adequate sleeping. Relative to
Whites, Blacks were also more likely to report morning type/nocturnal adequate sleep
compared to intermediate type/nocturnal adequate sleep. To our knowledge this is the first
report of ethno-racial differences in morning—evening type/nocturnal sleep duration
combinations and underscores the greater prevalence of morning type, as well as short
nocturnal sleep among Blacks compared to Whites. Hu et al. (2016) reported morning
persons of European ancestry are less likely to require >8 h of sleep per day and are less
likely to sleep soundly, albeit these associations have not been generalized to other ethno-
racial groups.

The current study findings have implications for informing population level health disparity
research. It is well documented that Blacks have earlier chronic disease onset, greater
disease severity and shorter life expectancy than Whites (Anderson et al., 2008; Arias, 2007;
Bibbins-Domingo et al., 2009; Hertz et al., 2005). A plethora of previous work has also
consistently demonstrated that adequate sleep duration and morning type is associated with
better health behaviors (Kanerva et al., 2012; Lakerveld et al., 2016; Patterson et al., 2016)
and outcomes (Anujuo et al., 2015; Jackowska & Steptoe, 2015; Merikanto et al., 2013).
That Blacks are significantly more likely than Whites to be morning type, but less likely to
have adequate sleep duration, suggests a complex paradigm between race/ethnicity, sleep
and health. 1t may be that Blacks fail to reap the health benefits associated with morning
type that have been widely reported by ourselves and others because of nuanced differences
in social and environmental factors that interfere with early sleep onsets (e.g. polluted sleep
environments, multiple jobs, job-related stress, discrimination). Important steps for
advancing this work include exploring ethno-racial differences in sleep related to more
nuanced social and environmental factors.

Data from the current study should be interpreted with consideration of several study
limitations. Our findings are limited by the cross-sectional nature of these data. Hence,
causation cannot be inferred. Our original sample size was significantly reduced after
excluding persons reporting daytime naps, shift work/night shift work and missing mental
health status data. However, a sample size of 2044 participants is one of the largest studies to
examine ethno-racial differences in morning—evening type. While we were interested in
estimating ethno-racial differences in nocturnal sleep duration, future work should determine
if there are ethno-racial differences in daytime napping. Other limitations include the self-
reported nature of these data, particularly morning—evening type and sleep duration.
Moreover, participants were asked to respond to one sleep duration question that did not
differentiate between workday and free day sleep. It has been reported that evening types
have shorter workday sleep durations and longer free day sleep durations. Thus, responding
to one question about sleep duration may have biased sleep duration self-reports, particularly
in evening type.
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Despite the aim of the morning—evening-type question to assess morning—evening
preference, responses may have been influenced by other lifestyle factors, such as
occupational demands. Hence, restricted work schedules impacting one’s adherence to
preferred morningness or eveningness may have led to misclassification for some persons.
Finally, we could not account for certain factors such as individual perceptions of
neighborhoods or violence within communities which may differ by race and may not be
fully captured by aggregated data, such as income and educational attainment.

Despite these limitations, these epidemiological data support ethno-racial differences in
morning—evening type, an issue that remains understudied but is important for optimizing
sleep and may play a role in advancing health equity. These data continue to support greater
prevalence of self-reported short sleep by Blacks compared to Whites. Designing approaches
that capitalize on the increased prevalence of morning type reported by Blacks and the
potential health benefits typically associated morning-type persons may be a particularly
novel step toward achieving health equity.
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Figure 1.
Environmental, social and individual characteristics associated with sleep.
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Multinomial logistic regression models for morning—evening type, nocturnal sleep duration and morning—
evening type nocturnal sleep duration combinations for a matched sample of Black and White participants (N

= 2044).

OR (95% ClI) p Value
Model 1: Morning—evening type
Morning 1.620 (1.336-1.964) <.0001
Intermediate REFERENCE
Evening 1.145 (0.847-1.548) 0.3791
Model 2: Nocturnal sleep duration
Short (<6 h) 3.453 (2.846-4.190) <.0001
Adequate (7-8 h) REFERENCE
Long (=9 h) 1.169 (0.768-1.781) 0.4666

Model 3: Morning—evening type/nocturnal sleep duration combinations

Morning type

Short sleep (<6 h) 4.596 (3.381-6.248)
Adequate sleep (7-8 h) 1.627 (1.260-2.102)
Long sleep (=9 h) 1.484 (0.736-2.992)
Intermediate type

Short sleep (<6 h) 3.676 (2.831-4.774)
Adequate sleep (7-8 h) REFERENCE
Long sleep (=29 h) 1.425 (0.816-2.487)
Evening type

Short sleep (<6 h) 3.358 (2.171-5.194)
Adequate sleep (7-8 h) 0.738 (0.467-1.166)
Long sleep (=9 h) 0.594 (0.119-2.961)

<.0001
0.0002
0.2700

<.0001

0.2132

<.0001

0.1928
0.5247

OR: odds ratio; CI: confidence interval
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