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Study Objectives: We estimated rates of cardiometabolic disease, pain conditions, and psychiatric illness associated with Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5) insomnia disorder (current and in remission) and habitual short sleep (fewer than 6 h), and examined the roles of 
insomnia and short sleep in racial disparities in disease burden between black and non-Hispanic white Americans.
Methods: This epidemiological survey study was cross-sectional. The community-based sample consisted of 3,911 subjects (46.0 y ± 13.3; 65.4% female; 
25.0% black) across six sleep groups based on DSM-5 insomnia classification (never vs. remitted vs. current) and self-reported habitual sleep duration 
(normal vs. short). Vascular events, cardiometabolic disease, pain conditions, and psychiatric symptoms were self-reported.
Results: Short sleeping insomniacs were at elevated risk for myocardial infarction, stroke, treated hypertension, diabetes, chronic pain, back pain, 
depression, and anxiety, independent of sex, age, and obesity. Morbidity profiles for insomniacs with normal sleep duration and former insomniacs, 
irrespective of sleep duration, were similar with elevations in treated hypertension, chronic pain, depression, and anxiety. Regarding racial disparities, 
cardiometabolic and psychiatric illness burden was greater for blacks, who were more likely to have short sleep and the short sleep insomnia phenotype. 
Evidence suggested that health disparities may be attributable in part to race-related differences in sleep.
Conclusions: Insomnia disorder with short sleep is the most severe phenotype of insomnia and comorbid with many cardiometabolic and psychiatric 
illnesses, whereas morbidity profiles are highly similar between insomniacs with normal sleep duration and former insomniacs. Short sleep endemic to black 
Americans increases risk for the short sleep insomnia phenotype and likely contributes to racial disparities in cardiometabolic disease and psychiatric illness.
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INTRODUCTION
This report aims to present representative estimates of car-
diometabolic disease (CMD), pain conditions, and psychiatric 
illness associated with Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5)1 insomnia disorder 
and habitual short sleep duration (i.e., fewer than 6 h) assessed 
in the Evolution of Pathways to Insomnia Cohort (EPIC) study. 
In addition, we examine the role of sleep in racial disparities in 
disease burden between black and white Americans.

While elevated rates of medical and psychiatric morbidities 
have been demonstrated in insomniacs and short sleepers,2–6 
these estimates are based on either prior conceptualizations 
of insomnia (e.g., DSM-IV7) or study specific operationaliza-
tions (e.g., moderate to severe difficulty initiating/maintaining 
sleep). More recently, diagnostic criteria for insomnia dis-
order have been standardized per empirical findings on clini-
cally significant thresholds for the chronicity and frequency 
of symptoms.8 There is now nearly perfect overlap between 
major diagnostic systems such as the DSM-5 and the ICSD-39; 
discrepancies between earlier iterations of these systems 
yielded highly variable prevalence estimates of insomnia and 
associated morbidity.10 Consistent with the ICSD-3, DSM-5 in-
somnia stipulates that symptoms occur for at least three nights 
a week for three months, whereas the DSM-IV required only 
one month of symptoms. Morbidity estimates based on older 
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Significance
Insomnia disorder with habitual short sleep duration represents a critical health crisis in the United States. In our study, DSM-5 insomnia with short sleep 
was strongly associated with risk for cardiometabolic disease and psychiatric illness. Critically, black Americans endorsed high rates of short sleep and 
insomnia disorder with short sleep, as well as poorer cardiometabolic and mental health. Important evidence suggested that these racial differences 
in sleep may contribute to the disproportionate disease burden for black Americans. Future research on disease morbidity associated with short sleep 
insomnia should be directed toward identifying shared risk factors giving rise to comorbidity with cardiometabolic and psychiatric illnesses, as well as 
explore further the potential role of short sleep insomnia in racial health disparities.

diagnostic systems may therefore be misleading. As such, there 
is a critical need to establish rates of medical and psychiatric 
illnesses associated with insomnia consistent with current di-
agnostic guidelines and practices. In addition, recent research 
suggests that a subset of insomniacs stop meeting diagnostic 
criteria despite continued sleep disturbance.11 “Remission” in 
such cases is attributable to reduced daytime distress/sleep dis-
satisfaction. What remains unclear, however, is whether mor-
bidity rates are elevated among former insomniacs similar to 
current insomniacs.

Short or insufficient sleep has been linked to poor medical 
and mental health outcomes in the general population and in 
insomniacs.2,5,6,12–16 The synergistic effects of sleep distur-
bance and insufficient sleep on cardiometabolic dysfunction 
have received growing attention. Insomnia with short sleep 
duration has been characterized as the most biologically se-
vere insomnia phenotype, owing to evidence that this in-
somnia subtype confers the greatest risk for CMD and early 
mortality.2,13,17 Recent studies have classified insomniacs as 
having short sleep based on a single night of polysomnog-
raphy (PSG) defined sleep duration of fewer than five or six 
hours (see Vgontzas et al. for review2). Though this research 
has benefited from gold-standard objective sleep measurement, 
the reliability of single-night PSG-defined sleep duration is 
unsubstantiated and may not represent habitual sleep duration 
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outside the laboratory. This concern is particularly relevant to 
individuals vulnerable to sleep disturbance while sleeping in 
laboratory environments.18 Therefore, replicating prior find-
ings using estimates of habitual nightly sleep duration under 
normal conditions would provide ecologically valid support 
for the inimical relationship between short sleep insomnia and 
CMD, and would serve to rule out potential laboratory con-
founds such as adverse sleep response to PSG or sleeping away 
from home among individuals sensitive to such challenges.

Research on race-related disparities in sleep have reliably 
shown that Black or African American (henceforth, “black”) 
individuals have shorter objective and self-reported habitual 
sleep duration than White or Caucasian (henceforth, “white”) 
individuals.19 Though social and environmental disadvan-
tages and higher obesity rates influence disparities in health 
outcomes, short sleep endemic to black Americans has been 
suggested as a possible contributor to elevated rates of disease 
burden in this population.19–22 Blacks with sleep disturbances 
endorse greater health problems than poorly sleeping whites.23 
Moreover, by virtue of having shorter habitual sleep duration, 
black individuals with insomnia are likely at greater risk for 
the short sleep insomnia phenotype. However, this hypothesis 
has not been tested. Given racial differences in obesity, sleep 
duration, and burden of illness, it is crucial to explore the po-
tential roles of insomnia and short sleep in racial disparities in 
health outcomes between black and white Americans.

The primary aim of this study was to evaluate rates of CMD, 
pain conditions, and psychiatric illness associated with DSM-
5-based insomnia disorder and habitual short sleep duration 
(fewer than 6 h nightly). Because of sleep disturbance that 
often persists following remission of insomnia disorder,11 we 
included individuals with remitted insomnia in our comparison 
of never versus current insomniacs. Specifically, we compared 
morbidity rates across the following groups: 1, subjects with 
no lifetime history of insomnia and normal sleep duration (i.e., 
good sleeping controls); 2, subjects with short sleep duration 
but no history of insomnia; 3, former insomniacs with normal 
sleep duration; 4, former insomniacs with short sleep dura-
tion; 5, insomniacs with normal sleep duration; and 6, short 
sleeping insomniacs. Consistent with prior research,2,24 we pre-
dicted that rates of medical and psychiatric conditions would 
be greater across all poorly sleeping groups compared to good 
sleeping controls, and that short sleeping insomniacs would 
be at highest risk for medical and psychiatric morbidities. In 
exploration of racial health disparities, we compared rates of 
insomnia, short sleep, and medical and psychiatric illnesses 
between non-Hispanic white vs black subjects, i.e., the two 
most well-represented racial groups in our study comprising 
over 90% of the total sample.

METHODS

Participants
All subjects were recruited from a major statewide Health 
Maintenance Organization (HMO) database. The current 
sample derives from two highly similar protocols as part of the 
EPIC study, a large National Institute of Mental Health-funded 
investigation examining the etiology of and health morbidities 

associated with insomnia in a large community-based sample 
from southeast Michigan. The two protocols differed in sample 
characteristics such that subjects without a lifetime history of 
insomnia were recruited for the insomnia etiology arm of the 
EPIC study, whereas individuals with current and former in-
somnia were recruited for a hypertension-focused protocol. In 
the current study, we had data from 4,277 subjects enrolled in 
the EPIC study. Recruitment procedures and broader demo-
graphic statistics have been reported in detail elsewhere for 
both protocols.25,26 Data from a total of 363 individuals were 
excluded from analyses due to being identified as having high 
risk for sleep apnea, two individuals were excluded for missing 
data on age, and one individual was excluded from analyses as 
an age-related outlier (more than 3 standard deviations above 
the sample mean). These exclusionary criteria resulted in a 
sample size of 3,911 subjects.

Procedure
The current study was cross-sectional and involved the analysis 
of web-based survey data. All study procedures were approved 
by the Institutional Review Board at Henry Ford Hospital.

Assessments

Demographics
Subjects reported age, sex, race, and height and weight (used to 
calculate body mass index [BMI]). Subjects with a BMI ≥ 30 
were classified as obese.

Insomnia
Insomnia classification was based on DSM-5 criteria.1 Sub-
jects were classified as having insomnia if they reported 
experiencing one or more sleep conditions (e.g., “have you 
experienced difficulty falling asleep?”; “have you experienced 
difficulty staying asleep?”) for at least 3 nights a week for a 
period of 3 mo or longer. Further, positive insomnia classifi-
cation required endorsement of sleep-related daytime distress 
or impairment as measured by the following question: “to 
what extent do you consider your sleep problems to interfere 
with your daily functioning (e.g., daytime fatigue, ability to 
function at work/daily chores, concentration, memory, mood 
etc.)?” Responses to nocturnal and daytime items were coded 
on a Likert type scale ranging from “0” (“not at all”) to “4” 
(“very much interfering”). Subjects who reported a score of 

“2” (“somewhat”) or higher met that criterion. This technique 
has been validated against clinician-administered diagnostic 
interviews.27,28 Subjects who met diagnostic criteria at the time 
of assessment were classified as current insomniacs, whereas 
subjects who met diagnostic criteria for a past history of DSM-5 
insomnia but no longer met diagnostic criteria were classified 
as remitted/former insomniacs. Good sleeping controls with 
no history of insomnia were defined by not meeting diagnostic 
criteria for history of insomnia.

Habitual sleep duration
Total sleep time (TST) was assessed over an average weekday 
(“thinking about your average weekday, how long did you 
actually sleep each night?”), given the tendency to engage in 
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compensatory sleep (“sleeping in”) on the weekends. Subjects 
were classified as short sleepers if they reported fewer than 
6 h of average nightly sleep duration, whereas subjects who 
obtained 6 h or more of sleep were classified as having normal 
sleep duration.

Other sleep parameters
Sleep onset latency: “on average (including weekends and 
weekdays), how long did it take you to fall asleep?”; Wake-
time after sleep onset: “on average (including weekdays and 
weekends), how long are you awake during the night?” Risk 
for obstructive sleep apnea (OSA) was assessed using a self-
report version of the STOP-BANG questionnaire,29 though 
one item was omitted (neck circumference). A traditional cut-
point of 5 or greater indicates high risk of OSA; therefore, we 
used a cutoff of 4 to account for the omitted item in our study. 
Subjects screening positive for sleep apnea risk were excluded 
from analyses.

CMD and pain conditions
On a survey of medical conditions, subjects indicated “Yes” 
or “No” in response to items inquiring about past cerebrovas-
cular and cardiovascular events (myocardial infarction [MCI], 
cerebrovascular accidents, transient ischemic attacks), current 
cardiometabolic illnesses (high blood pressure/hypertension, 
antihypertensive medication use, high cholesterol/hyperlipid-
emia, diabetes), and pain conditions (chronic pain, back pain).

Depression
Subjects completed the 16-item version of the Quick Inventory 
of Depressive Symptomatology (QIDS-16).30 The QIDS-16 
has a total score range from 0 to 27, with higher scores indi-
cating greater depression severity. To reduce collinearity with 
insomnia and short sleep, the sleep disturbance items of the 
QIDS-16 were excluded. Total scores of 11 or higher indicate 
moderate depression symptoms. To account for the elimination 
of the sleep subscale, we used a prorated cutoff of QIDS ≥ 10 in 
the current study (see Endnote A).

Anxiety
Subjects self-reported anxiety levels using the Beck Anxiety 
Inventory,31 a 21-item questionnaire which measures the se-
verity of common anxiety symptoms. Responses are rated on 
a 4-point (0–3) Likert-type scale with higher scores indicating 
greater anxiety severity. Total scores of 22 or higher indicate 
moderate severity of anxiety.

Data Analysis
All statistical analyses were conducted using IBM SPSS Sta-
tistics for Windows – Version 20 (Armonk, NY). Contingency 
tables and chi-square analyses were used to compare rates of 
CMD, pain, and psychiatric illness across groups defined by 
sleep classification and race. For evaluating health disparities 
between races, we compared subjects who identified as non-
Hispanic White (n = 2,556, 65.4% of total sample) and Black 
or African American (n = 977, 25.0%) as representation among 
other racial groups was modest (each group < 5% of sample). 
Dummy coded logistic regression was used to compare 

associations across the problematic sleeping groups against 
good sleeping controls as the reference group, while control-
ling for demographic characteristics.

RESULTS

Sample Characteristics
Subject ages ranged from 18–67 y, with most in middle adult-
hood (46.0 y ± 13.3). Women comprised 65.3% (n = 2,557) 
of the sample. More than 90% of subjects identified as white 
(n = 2,557, 65.3%) or black (n = 979, 25.0%). Differences across 
sleep classifications were found in age, sex, and obesity rates, 
and thus were used as covariates in the logistic regression 
models to follow (see supplemental materials for group com-
parisons of demographic characteristics). See Table 1 for full 
sample characteristics.

Disease Rates by Sleep Classification

Cardiometabolic disease
Rates of MCI, stroke, and CMD are reported in Table 2 for 
all sleep groups. The most prevalent cardiometabolic illnesses 
in the full sample were hypertension (25.9% per self-report, 
15.2% based on antihypertensive medication), hyperlipidemia 
(24.5%), and diabetes (8.3%), whereas rates of MCI (1.4%) 
and stroke (1.5%) were comparatively uncommon. Chi-square 
analyses revealed significant differences in disease rates 
across sleep groups for stroke, hypertension, and diabetes 
(Table 2), whereas there were no significant group differences 
for hyperlipidemia; chi-square analysis could not be performed 
for MCI due to insufficient representation of positive cases (i.e., 
fewer than five cases) in three of the six sleep groups. After 
evaluating CMD rates across groups, we used dummy-coded 
logistic regression to predict odds of having CMD for groups 
of problematic sleepers in comparison to the never insomnia, 
normal sleep duration controls (i.e., as the reference group), 
while controlling for age, sex, and obesity.

Overall, short sleep insomnia was most strongly and robustly 
associated with CMD (see Table 3 for full results), independent 
of any age-, sex-, and obesity-related effects. Short sleeping 
insomniacs were at more than threefold odds of endorsing 
MCI (odds ratio [OR] = 3.23, P < 0.01) and stroke (OR = 3.79, 
P < 0.001) than good sleeping controls, and were approximately 
twice as likely to report antihypertensive medication use 
(OR = 2.13, P < 0.001) and diabetes (OR = 1.83, P < 0.01). No-
tably, all current and remitted insomnia groups, irrespective of 
sleep duration, were more likely to report hypertension treat-
ment than controls (ORs = 1.65–2.13, P < 0.01), though short 
sleepers without history of insomnia did not differ (P = 0.52). 
Insomniacs with normal sleep duration were at elevated odds 
of endorsing hyperlipidemia (OR = 1.40, P < 0.01), though no 
other problematic sleep group differed from controls.

Pain conditions
Overall rates of chronic pain and back pain were 13.0% and 
20.9% in the sample, respectively (full rates are reported in 
Table 4 for all sleep groups). Chi-square analyses revealed sig-
nificant group differences in rates of chronic pain and back 
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Table 1—Sample characteristics for each sleep classification.

Never insomnia,
TST ≥ 6 h
n = 2,301

Never insomnia,
TST < 6 h
n = 444

Remitted 
insomnia,
TST ≥ 6 h

n = 282

Remitted 
insomnia,
TST < 6 h

n = 78

Insomnia,
TST ≥ 6 h

n = 384

Insomnia,
TST < 6 h
n = 422

Age, mean ± SD, range 46.3 ± 13.6, 18–67 46.1 ± 12.3, 18–66 46.4 ± 13.2, 19–66 50.4 ± 11.3, 19–65 45.0 ± 13.4, 19–66 43.8 ± 12.2, 19–66
Female, n (%) 1,404 (61.0) 285 (64.2) 200 (70.9) 54 (69.2) 301 (78.4) 312 (73.9)
BMI, mean ± SD, % obese 27.6 ± 6.1, 28.1% 29.1 ± 6.7, 38.3% 28.7 ± 6.1, 34.4% 29.9 ± 7.0, 44.9% 27.4 ± 6.0, 29.2% 29.5 ± 7.6, 39.3%
Ethnicity, n (%)

White
Black
Asian or Pacific Islander
Hispanic or Latino
Middle Eastern or Indian
Other

1,554 (67.5)
506 (22.0)
119 (5.3)
35 (1.5)
57 (2.5)
27 (1.2)

234 (52.7)
169 (38.1)

17 (3.8)
9 (2.0)

10 (2.3)
5 (1.2)

210 (74.5)
50 (17.7)
10 (3.5)

3 (1.1)
7 (2.5)
2 (.7)

38 (48.7)
29 (37.2)

5 (6.4)
2 (2.6)
1 (1.3)
3 (3.9)

279 (72.7)
69 (18.0)

5 (1.3)
14 (3.6)
10 (2.6)

7 (1.9)

241 (57.1)
154 (36.5)

9 (2.1)
5 (2.1)
6 (1.4)
7 (1.7)

Total sleep time 7 h 10 m ± 56 m 5 h 3 m ± 32 m 6 h 54 m ± 49 m 5 h 0 m ± 32 m 6 h 43 m ± 50 m 4 h 44 m ± 37 m
Sleep latency 22.6 m ± 16.3 32.8 m ± 23.3 31.0 m ± 25.1 m 42 m ± 25 m 40 m ± 24 m 60 m ± 37 m
Wake after sleep onset 11.8 m ± 9.4 22.6 m ± 21.7 19.2 m ± 17.4 m 27 m ± 23 m 33 m ± 31 m 34 m ± 25 m
Sleep quality 0.8 ± 0.6

Fairly good
1.3 ± 0.7

Fairly good
1.1 ± 0.5

Fairly good
1.3 ± 0.6

Fairly good
1.6

Fairly good/bad
2.0 ± 0.6

Fairly bad
QIDS, mean ± SD 4.1 ± 3.0 5.5 ± 3.6 5.5 ± 3.7 6.2 ± 3.5 8.0 ± 4.3 9.0 ± 4.0
BAI, mean ± SD 4.5 ± 5.4 5.8 ± 6.1 6.3 ± 6.6 7.1 ± 6.8 10.5 ± 8.7 10.8 ± 9.3

BAI, Beck Anxiety Inventory; BMI, body mass index; BMI obesity ≥ 30; QIDS, Quick Inventory of Depressive Symptomatology; SD, standard deviation; 
TST, total sleep time, i.e., sleep duration.

Table 2—Prevalence of cardiovascular events and cardiometabolic illness by sleep classification.

Sleep Classification
Negative Positive % Affected χ2, P value Negative Positive % Affected χ2, P value
Myocardial infarction (n = 53/3,911; 

1.4%)
n/a a Stroke (n = 57/3,911; 1.5%) 17.83,

< 0.01
Never insomnia, normal TST 2,272 29 1.3% 2,277 24 1.0%
Never insomnia, short TST 440 4 0.9% 436 8 1.8%
Remitted insomnia, normal TST 277 5 1.8% 280 2 0.7%
Remitted insomnia, short TST 76 2 2.6% 76 2 2.6%
Insomnia disorder, normal TST 380 4 1.0% 378 6 1.6%
Insomnia disorder, short TST 413 9 2.1% 407 15 3.6%

Hypertension (n = 1,013/3,911; 25.9%) 11.53,
0.04

Hypertension meds (n = 596/3,911; 15.2%) 53.93,
< 0.001Never insomnia, normal TST 1,697 604 26.2% 2,003 298 13.0%

Never insomnia, short TST 333 111 25.0% 390 54 12.2%
Remitted insomnia, normal TST 215 67 23.8% 226 56 19.9%
Remitted insomnia, short TST 47 31 39.7% 51 27 34.6%
Insomnia disorder, normal TST 298 86 22.4% 308 76 19.8%
Insomnia disorder, short TST 308 114 27.0% 337 85 20.1%

Hyperlipidemia (n = 957/3,911; 24.5%) 4.96,
0.42

Diabetes (n = 323/3,911; 8.3%) 11.18,
< 0.05Never insomnia, normal TST 1,734 567 24.6% 2,116 185 8.0%

Never insomnia, short TST 341 103 23.2% 409 35 7.9%
Remitted insomnia, normal TST 212 70 24.8% 262 20 7.1%
Remitted insomnia, short TST 54 24 30.8% 68 10 12.8%
Insomnia disorder, normal TST 282 102 26.6% 360 24 6.2%
Insomnia disorder, short TST 331 901 21.6% 373 49 11.6%

χ2 = chi-square model significance. P value = statistical significance. a Unable to perform chi-square analysis due to more than 20% of cells have counts 
of fewer than 5. CVA = cerebrovascular accident; TIA = transient ischemic attack; TST = total sleep time. Never insomnia = no lifetime history of insomnia. 
Remitted insomnia = Prior history of insomnia, but no longer meets diagnostic criteria. Insomnia disorder = meets diagnostic criteria for DSM-5 insomnia. 
Normal TST ≥ 6 nightly hours of total sleep time. Short TST < 6 nightly hours of TST.
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pain, with the highest rates of pain conditions observed for 
insomniacs with normal sleep duration (chronic pain: 22%, 
back pain: 26%) and short sleeping insomniacs (chronic pain: 
25%, back pain: 31%), whereas the lowest rates were observed 
among individuals with normal sleep duration and no in-
somnia history, i.e., good sleeping controls (chronic pain: 9%, 
back pain: 18%).

When controlling for age, gender, and obesity, dummy coded 
logistic regression showed that nearly all problematic sleep 
groups were more likely to endorse chronic pain than controls 
(see Table 5 for full results). Current insomniacs with normal 
sleep duration were at nearly three-fold odds of chronic pain 
than controls (OR = 2.95, P < 0.001), and risk was even higher 
for insomniacs with short sleep duration (OR = 3.61, P < 0.001). 
Remitted insomniacs with normal sleep duration were more 
likely than controls to report chronic pain (OR = 1.56, P = 0.02), 
as were short sleepers with no history of insomnia (OR = 1.58, 
P < 0.01). A relationship between short sleeping remitters and 
chronic pain approached significance (OR = 1.78, P = 0.06). In 

comparison, only short sleeping insomniacs were at elevated 
risk for back pain (OR = 3.79, P < 0.001) after accounting for 
the effects of age, gender, and obesity, whereas no other sleep 
group differed from controls.

Psychiatric illness
Rates of depression (14%) were notably higher than anxiety 
prevalence (4%; full rates are reported in Table 4 for all sleep 
groups). Chi-square analyses revealed significant group differ-
ences in rates of depression and anxiety, with short sleeping 
insomniacs screening positive for depression (41%) and anx-
iety (12%) at the highest rates, whereas the lowest rates of psy-
chiatric illness were observed among individuals with normal 
sleep duration and no history of insomnia (depression: 6%, 
anxiety: 2%). Logistic regression showed that, even after con-
trolling for age, gender, and obesity, all groups of poor sleepers 
were more likely to screen positive for depression than never 
insomniacs with normal sleep duration. Current insomniacs 
were at greatest likelihood of a positive depression screen 

Table 3—Dummy-coded logistic regression comparing problematic sleep groups against good sleeping controls (as reference group) on risk for 
cardiovascular events and cardiometabolic disease.

Predictors Beta OR 95% CI P value Beta OR 95% CI P value
Myocardial infarction χ2 = 89.00, P < 0.001 CVA/TIA χ2 = 35.50, P < 0.001

Age 0.12 1.12 1.08–1.17  < 0.001 0.05 1.05 1.03–1.08  < 0.001
Male sex 1.38 3.99 2.20–7.25  < 0.001 −0.33 0.72 0.39–1.32 0.29
BMI obesity 0.82 2.28 1.30–3.98  < 0.01 0.33 1.40 0.82–2.39 0.23
Never insomnia, short TST −0.23 0.79 0.27–2.30 0.67 0.55 1.73 0.77–3.89 0.19
Remitted insomnia, normal TST 0.56 1.75 0.65–4.67 0.27 −0.45 0.64 0.15–2.72 0.54
Remitted insomnia, short TST 0.61 1.85 0.42–8.16 0.42 0.69 1.99 0.46–8.64 0.36
Insomnia disorder, normal TST 0.36 1.43 0.49–4.21 0.52 0.42 1.52 0.61–3.79 0.37
Insomnia disorder, short TST 1.17 3.23 1.45–7.21  < 0.01 1.33 3.79 1.94–7.42  < 0.001

Hypertension χ2 = 685.97, P < 0.001 Hypertension Medication χ2 = 497.88, P < 0.001
Age 0.08 1.08 1.07–1.09  < 0.001 0.09 1.09 1.08–1.10  < 0.001
Male sex 0.16 1.17 0.99–1.38 0.06 −0.21 0.81 0.66–0.99 0.04
BMI Obesity 1.10 3.00 2.55–3.54  < 0.001 0.87 2.40 1.98–2.90  < 0.001
Never insomnia, short TST −0.14 0.87 0.68–1.13 0.30 −0.11 0.90 0.65–1.24 0.52
Remitted insomnia, normal TST −0.21 0.81 0.59–1.12 0.20 0.50 1.65 1.18–2.33  < 0.01
Remitted insomnia, short TST 0.31 1.36 0.82–2.24 0.24 1.05 2.85 1.69–4.80  < 0.001
Insomnia disorder, normal TST −0.09 0.91 0.69–1.21 0.53 0.67 1.96 1.45–2.65  < 0.001
Insomnia disorder, short TST 0.20 1.22 0.94–1.59 0.13 0.76 2.13 1.59–2.85  < 0.001

Hyperlipidemia χ2 = 514.48, P < 0.001 Diabetes χ2 = 260.31, P < 0.001
Age 0.07 1.08 1.07–1.08  < 0.001 0.07 1.07 1.05–1.08  < 0.001
Male gender 0.52 1.68 1.43–1.98  < 0.001 0.43 1.54 1.21–1.97  < 0.01
BMI Obesity 0.33 1.39 1.81–1.64  < 0.001 1.23 3.43 2.69–4.36  < 0.001
Never insomnia, short TST −0.05 0.96 0.74–1.23 0.73 −0.10 0.91 0.62–1.35 0.64
Remitted insomnia, normal TST 0.08 1.08 0.80–1.47 0.62 −0.16 0.85 0.52–1.40 0.52
Remitted insomnia, short TST 0.12 1.12 0.67–1.88 0.66 0.22 1.25 0.61–2.53 0.55
Insomnia disorder, normal TST 0.34 1.40 1.08–1.83 0.01 −0.08 0.93 0.59–1.46 0.74
Insomnia disorder, short TST 0.10 1.10 0.84–1.44 0.49 0.61 1.83 1.28–2.62  < 0.01

χ2 = chi-square for overall regression model significance. b = beta regression coefficient. OR = odds-ratio. 95% CI = 95% confidence interval of the odds-
ratio. P = significance value; TST = total sleep time. Never insomnia = no lifetime history of insomnia. Remitted insomnia = Prior history of insomnia, but 
no longer meets diagnostic criteria. Insomnia disorder = meets diagnostic criteria for DSM-5 insomnia. Normal TST ≥ 6 nightly hours of total sleep time. 
Short TST < 6 nightly hours of TST.
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Table 4—Prevalence of pain complaints and psychiatric illness by sleep classification.

Sleep Classification Negative Positive % Affected χ2, P value Negative Positive % Affected χ2, P value
Pain Complaints

Chronic Pain (n = 509/3,911; 13.0%) 119.45,
< 0.001

Back Pain (n = 817/3,911; 20.9%) 46.45,
< 0.001Never insomnia, normal TST 2,097 204 8.9% 1,889 412 17.9%

Never insomnia, short TST 384 60 13.5% 354 90 20.3%
Remitted insomnia, normal TST 242 40 14.2% 215 67 23.8%
Remitted insomnia, short TST 64 14 17.5% 62 16 20.5%
Insomnia disorder, normal TST 298 86 22.4% 284 100 26.0%
Insomnia disorder, short TST 317 105 24.9% 291 131 31.0%

Psychiatric Illness
Depression (n = 558/3,911; 14.3%) 477.50,

< 0.001
Anxiety (n = 157/3,914; 4.0%) 11.53,

0.04Never insomnia, normal TST 2,157 144 6.3% 2,263 38 1.7%
Never insomnia, short TST 378 66 14.9% 431 13 2.9%
Remitted insomnia, normal TST 246 36 12.8% 271 11 3.9%
Remitted insomnia, short TST 65 13 16.7% 74 4 5.0%
Insomnia disorder, normal TST 259 125 32.6% 343 41 10.7%
Insomnia disorder, short TST 248 174 41.2% 372 50 11.8%

χ2 = chi-square model significance. P value = statistical significance. * = unable to perform chi-square analysis due to > 20% of cells have counts of fewer 
than 5. CVA = cerebrovascular accident. TIA = transient ischemic attack. Never insomnia = no lifetime history of insomnia. Remitted insomnia = Prior history 
of insomnia, but no longer meets diagnostic criteria. Insomnia disorder = meets diagnostic criteria for DSM-5 insomnia. Normal TST ≥ 6 nightly hours of 
total sleep time. Short TST < 6 nightly hours of total sleep time. TST = total sleep time.

Table 5—Dummy coded logistic regression comparing problematic sleep groups against good sleeping controls (as reference group) on risk for pain 
conditions and psychiatric illness.

Predictors Beta OR 95% CI P value Beta OR 95% CI P value
Pain Complaints

Chronic Pain χ2 = 282.41, P < 0.001 Back Pain χ2 = 150.15, P < 0.001
Age 0.05 1.05 1.04–1.06  < 0.001 0.05 1.05 1.03–1.08  < 0.001
Male sex −0.71 0.49 0.39–0.62  < 0.001 −0.33 0.72 0.39–1.32 0.29
BMI obesity 0.39 1.47 1.21–1.80  < 0.001 0.33 1.40 0.82–2.39 0.23
Never insomnia, short TST 0.46 1.58 1.15–2.17  < 0.01 0.55 1.73 0.77–3.89 0.19
Remitted insomnia, normal TST 0.45 1.56 1.08–2.27 0.02 −0.45 0.64 0.15–2.72 0.54
Remitted insomnia, short TST 0.58 1.78 0.97–3.28 0.06 0.69 1.99 0.46–8.64 0.36
Insomnia disorder, normal TST 1.08 2.95 2.21–3.95  < 0.001 0.42 1.52 0.61–3.79 0.37
Insomnia disorder, short TST 1.28 3.61 2.74–4.76  < 0.001 1.33 3.79 1.94–7.42  < 0.001

Psychiatric Illness
Depression χ2 = 474.44, P < 0.001 Anxiety χ2 = 156.19, P < 0.001

Age −0.03 0.98 0.97–0.98  < 0.001 −0.04 0.97 0.95–0.98  < 0.001
Male sex −0.25 0.78 0.62–0.97 0.02 −0.34 0.71 0.49–1.05 0.08
BMI obesity 0.36 1.43 1.17–1.75  < 0.01 −0.07 0.93 0.65–1.33 0.70
Never insomnia, short TST 0.94 2.55 1.86–3.49  < 0.001 0.61 1.83 0.96–3.48 0.07
Remitted insomnia, normal TST 0.76 2.14 1.45–3.16  < 0.001 0.89 2.43 1.22–4.82 0.01
Remitted insomnia, short TST 1.15 3.16 1.69–5.91  < 0.001 1.35 3.84 1.32–11.78 0.01
Insomnia disorder, normal TST 1.94 6.97 5.29–9.20  < 0.001 1.90 6.71 4.23–10.65  < 0.001
Insomnia disorder, short TST 2.28 9.73 7.49–12.63  < 0.001 2.02 7.54 4.85–11.74  < 0.001

χ2 = chi-square for overall regression model significance. b = beta regression coefficient. OR = odds-ratio. 95% CI = 95% confidence interval of the odds-
ratio. P = significance value. BMI Obesity = Body Mass Index ≥ 30. Never insomnia = no lifetime history of insomnia. Remitted insomnia = Prior history of 
insomnia, but no longer meets diagnostic criteria. Insomnia disorder = meets diagnostic criteria for DSM-5 insomnia. Normal TST ≥ 6 nightly hours of total 
sleep time. Short TST < 6 nightly hours of total sleep time. TST = total sleep time.
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such that the odds for short sleeping insomniacs meeting 
threshold for depression were nearly 10 times higher than con-
trols (OR = 9.73, P < 0.001), whereas insomniacs with normal 
sleep duration were at seven times the odds for depression 
than good sleepers (OR = 6.97, P < 0.001). Follow-up post-hoc 
comparison of short sleeping insomniacs and insomniacs with 
normal sleep duration revealed short sleeping insomniacs to 
be at greater risk for depression (OR = 1.39, 95% CI = 1.03–
1.86, P = 0.03). The odds for depression were two- to three-fold 
odds greater than controls for short sleepers without insomnia 
(OR = 2.55, P < 0.001) and remitted insomniacs with normal 
(OR = 2.14, P < 0.001) or short sleep duration (OR = 3.16, 
P < 0.001). A similar trend was observed for anxiety. Insom-
niacs with short sleep (OR = 7.54, P < 0.001) and normal sleep 
duration (OR = 6.71, P < 0.001) were at the greatest odds of 
screening positive for anxiety compared to controls. Notably, 
remitted insomniacs, irrespective of sleep duration, were more 
likely to screen positive for anxiety, though the effect was 
larger among short sleeping remitters (OR = 3.84, P = 0.01) 
than remitters with normal sleep duration (OR = 2.14, P = 0.01). 
An association between anxiety and short sleep with no in-
somnia approached significance (OR = 1.83, P = 0.07).

Race-Related Health Disparities
We first compared demographic characteristics between sub-
jects who racially identified as white versus black. We ob-
served a greater proportion of women among black subjects 
(74.5%) than white subjects (62.4%), χ2 = 45.77, P < 0.001). 
Blacks in our sample were also modestly younger than whites 
(44.20 y ± 12.88 vs. 47.26 y ± 13.12, t = −6.23, P < 0.001, Cohen 
d = 0.23) and had higher rates of BMI-defined obesity (46.7% 
vs. 27.4%), χ2 = 118.50, P < 0.001, relative risk [RR] = 1.70.

Next, we ran a 2 × 6 chi-square analysis to evaluate sleep clas-
sification proportions between blacks and whites (χ2 = 104.34, 
P < 0.001). Comparisons of column proportions revealed dis-
parities in proportions of blacks versus whites across all sleep 
classifications (Table 6). Overall, blacks were more likely than 
whites to be classified as short sleepers, irrespective of in-
somnia status (36.2% vs. 20.1%, RR = 1.80, collapsed across 
all insomnia groups). Importantly, the elevated rates of short 
sleep among blacks were not attributable to the higher rates of 
obesity in these subjects (see Endnote B). Notably, comparison 
of current insomnia rates, irrespective of sleep duration, did 

not reveal any race-related differences. We then evaluated ra-
cial disparities in CMD, pain conditions, and psychiatric ill-
ness, which revealed overall greater disease burden for blacks 
as compared to whites in our sample (Table 7). After control-
ling for age effects, sex, and obesity, blacks were at greater risk 
for stroke (OR = 1.84, P = 0.03), hypertension (OR = 1.57–1.90, 
P < 0.001), diabetes (OR = 1.80, P < 0.001), and depression 
(OR = 1.28, P = 0.02), whereas whites were at greater risk for 
chronic pain (OR = 1.30, P = 0.03; Table S1 in the supplemental 
material).

Last, we examined how accounting for the effects of prob-
lematic sleep may change the relationship between race and 
negative health outcomes. To do so, we ran logistic regres-
sion estimating risk for CMD, pain, and psychiatric illness 
as predicted by race (black vs. white) while controlling sleep 
classification and demographic information (Table S2 in the 
supplemental material). Despite striking health disparities 
across medical and psychiatric conditions, racial differences 
in stroke, hypertension, and chronic pain became nonsignifi-
cant. Moreover, though black subjects remained at greater 
odds of endorsing diabetes (OR = 1.16, P < 0.01) and depres-
sion (OR = 1.08, P = 0.03), the effect sizes greatly diminished 
after controlling for problematic sleep.

DISCUSSION
Findings of the current study support prior description2 of in-
somnia with short sleep duration as the most biologically se-
vere phenotype of the disorder. Risk for CMD was markedly 
elevated among subjects with DSM-5 based insomnia with ha-
bitual sleep duration of fewer than 6 h per night. In addition, 
this study revealed that both former and current insomnia are 
robustly associated with pain conditions and psychiatric illness, 
but that the highest risk for chronic pain, back pain, depression, 
and anxiety was observed among short sleeping insomniacs. 
That remitted insomnia and insomnia with normal sleep dura-
tion were largely unassociated with CMD is consistent with 
prior evidence showing that persistent insomnia, without epi-
sodes of remission, is associated with shorter objective sleep 
duration and higher rates of CMD.2 In addition, striking racial 
disparities were observed between non-Hispanic white and 
black subjects in regard to sleep classification and health out-
comes. Though no race-related differences in insomnia rates 
were found, blacks reported higher rates of short sleep, obesity, 

Table 6—Sleep classification differences between white and black subjects.

White (% of Whites) Black (% of Blacks) RR
Never insomnia, normal TST 60.8% 51.7% White RR = 1.18*
Never insomnia, short TST 9.2% 17.3% Black RR = 1.88*
Remitted insomnia, normal TST 8.2% 5.1% White RR = 1.61*
Remitted insomnia, short TST 1.5% 3.2% Black RR = 2.13*
Insomnia disorder, normal TST 10.9% 7.0% White RR = 1.56*
Insomnia disorder, short TST 9.4% 15.7% Black RR = 1.67*

Proportions differ significantly from each other at P < 0.05. Never insomnia = no lifetime history of insomnia. Remitted insomnia = Prior history of insomnia, 
but no longer meets diagnostic criteria. Insomnia disorder = meets diagnostic criteria for DSM-5 insomnia. Normal TST ≥ 6 nightly hours of total sleep time. 
Short TST < 6 nightly hours of total sleep time. RR = relative risk; TST = total sleep time.
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CMD, and psychiatric illness than whites, thus highlighting 
the devastating disease burden for this disadvantaged popula-
tion in the United States.

Insomnia with Short Sleep: The Most Severe Insomnia 
Phenotype
Prevalence rates of vascular events and CMD suggested that 
disruptions to the cardiovascular and metabolic systems may 
be associated with insomnia and short sleep. Even so, likely 
owing to etiological complexity, no clear pattern emerged from 
disease rates alone. It was not until the effects of age, gender, 
and obesity were accounted for that short sleeping insomniacs 
were revealed to be at highest risk for MCI, stroke, treated hy-
pertension, and diabetes in comparison to good sleeping con-
trols with normal sleep duration and no insomnia history. In 
comparison, insomniacs with normal sleep duration were only 
at greater risk for hyperlipidemia and treated hypertension 
than controls. These results are highly consistent with prior 
research by Vgontzas et al. highlighting the increased risk 
for CMD and related mortality for short sleeping insomniacs 
compared to good sleepers, insomniacs with normal sleep 
duration, and short sleepers without insomnia.2 Importantly, 
results from the present study in which sleep duration was self-
reported lends ecologically valid support to findings of studies 
that based sleep duration on one night of in-lab PSG moni-
toring,2 and are consistent with a prior investigation showing 
increased rates of mortality in insomniacs with short self-rated 
sleep duration.13

Alarmingly high rates for pain conditions (chronic: 25%, 
back: 31%) and psychiatric illness (depression: 41%, anxiety: 
12%) were also observed among short sleeping insomniacs. 
Insomnia with short sleep was the only sleep group to be at 
greater risk for back pain than controls. Moreover, though in-
somniacs, irrespective of sleep duration, were much more likely 

to be depressed than good sleeping controls, short sleeping 
insomniacs were at greater depression-risk than insomniacs 
with normal sleep duration. This finding is consistent with re-
cent evidence showing short sleepers with insomnia to be at 
highest risk for incident depression.32 Risk for chronic pain and 
anxiety did not differ between normal versus short sleeping 
insomniacs. Even so, given the stronger associations of back 
pain and depression with short-sleep insomnia, our data sup-
port short sleep insomnia as the most severe phenotype of in-
somnia disorder.

Remitted Insomnia: Evidence for Elevated Rates of Pain and 
Psychiatric Illness
Former insomniacs, largely irrespective of habitual sleep dura-
tion, were more likely than good sleepers to endorse treated 
hypertension, chronic pain, depression, and anxiety. Notably, 
the morbidity landscape for remitted insomnia was similar to 
that of current insomnia with normal sleep duration, though 
the relationships between insomnia and psychiatric illness 
tended to be less strong among remitters. These data are con-
sistent with prior investigations highlighting elevated risk for 
mood pathology even after insomnia remission.24 Recent re-
search has shown that insomnia remission does not typically 
reflect normalization of nocturnal sleep parameters.11 Thus, it 
is possible that insomnia has a scarring effect evident after re-
mission such that insomnia-related nocturnal flotsam and el-
evated rates of pain and psychiatric symptoms are reflective 
of unameliorated perturbations to shared systems modulating 
mood, pain, and sleep.

Short Sleepers without Insomnia History
Even without any lifetime history of insomnia, short sleepers 
were more likely to endorse chronic pain and depression than 
never insomniacs with normal sleep length, independent of 

Table 7—Race-related health disparities between white and black subjects.

Negative Positive % Affected Model & Relative Risk Negative Positive % Affected Model & Relative Risk
Myocardial infarction χ2 = 0.001, P = 0.97 CVA/TIA χ2 = 3.85, P = 0.05

White 2,519 37 1.4% 2,522 34 1.3%
Black 963 14 1.4% 955 22 2.3% RR = 1.77

Hypertension χ2 = 31.34, P < 0.001 Hypertension Meds χ2 = 11.79, P < 0.001
White 1,934 622 24.3% 2,180 376 14.7%  
Black 648 329 33.7% RR = 1.39 787 190 19.4% RR = 1.32

Hyperlipidemia χ2 = 13.90, P < 0.001 Diabetes χ2 = 15.54, P < 0.001
White 1,876 681 26.6% RR = 1.29 2,377 179 7.0%
Black 776 201 20.6% 869 108 11.1% RR = 1.59

Chronic Pain χ2 = 2.62, P = 0.11 Back Pain χ2 = 4.74, P = 0.03
White 2,194 362 14.2% 1,989 567 22.2% RR = 1.81
Black 859 118 12.1% 793 184 18.8%

Depression χ2 = 19.03, P < 0.001 Anxiety χ2 = 4.18, P = 0.04
White 2,234 322 12.6% 2,466 90 3.5%
Black 798 179 18.3% RR = 1.45 928 49 5.0% RR = 1.43

χ2 = chi-square value. P value = significance. RR = relative risk of positive disease, only reported when proportions of % Affected differs between racial 
groups at P < 0.05 and presented in same row as the greater at-risk group. CVA = cerebrovascular accident. TIA = transient ischemic attack.
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demographic differences and obesity effects. These results 
emphasize the relationship between insufficient sleep and psy-
chological wellbeing even in the absence of subjective sleep 
complaints. Important to note is that it is unclear to what ex-
tent insufficient opportunity versus biological inability to sleep 
longer contributed to short sleep in this group. Though obesity 
rates were elevated among short sleepers, other influences in-
cluding biological and environmental factors (e.g., work sched-
ules, family obligations) may contribute to short sleep in this 
group and confer risk for depression and chronic pain.

Racial Health Disparities between Blacks and Whites
Higher rates of obesity, habitual short sleep duration, CMD, 
and psychiatric illness were observed in black subjects com-
pared to whites. Reflecting prior findings, blacks were nearly 
twice as likely as whites to suffer from obesity and short 
sleep.22,33 It is notable, however, that the higher rate of short 
sleep among blacks was not entirely attributable to differences 
in obesity between races, which is also consistent with prior 
research.22 Despite the higher rates of a wide variety of car-
diometabolic illnesses, depression, and anxiety among black 
subjects, many race-related health disparities became nonsig-
nificant after accounting for racial differences in problematic 
sleep. Interestingly, the only illness disparities to remain after 
controlling for these factors showed blacks to be at greater risk 
for diabetes and depression, though the observed effect sizes 
for race were very modest. Consistent with prior research,19 
these results suggest that disparities in CMD and psychiatric 
illness between whites and blacks are at least partly attribut-
able to racial differences in sleep and obesity.

Limitations and Future Directions
The current study should be interpreted in light of certain 
limitations. First, we must acknowledge the potential threats 
to validity due to the use of self-report instruments. Future 
investigations on short sleep insomnia may consider utilizing 
both sleep diaries and actigraphy over a 1- to 2-w periods to 
capture objectively and subjectively defined habitual sleep du-
ration, particularly when PSG administration is not feasible. It 
is noteworthy, however, that our results for insomnia with self-
reported short sleep and CMD are consistent with studies as-
sessing sleep duration with PSG,2 and that self-reported short 
sleep among poor-quality sleepers has been shown to be asso-
ciated with increased mortality13 and depression risk.34 Second, 
the STOP-BANG screener for OSA was modified in our study 
(neck circumference item not administered), which may have 
affected the predictive validity of the measure. Third, the 
QIDS is often used as a diagnostic tool in clinical samples and 
may be less sensitive to capture subclinical symptoms in the 
general population. Additionally, our group of short sleeping 
remitted insomniacs consisted of just 78 subjects owing to in-
clusion/exclusion criteria of the parent study, which may limit 
the generalizability of findings and morbidity rates for this 
group. Last, because the sample for the current study was the 
product of two recruitment efforts with specific and separate 
insomnia eligibility criteria, the total sample may not represent 
population proportions for insomnia prevalence and should not 
be interpreted as such.

Owing to high risk for CMD, pain conditions, and psychi-
atric illness among short sleeping insomniacs, our findings 
support short sleep insomnia as the most severe phenotype 
of the disorder. This study had many strengths: Though prior 
research has shown that risk for CMD development and mor-
tality is elevated for short sleeping insomniacs,2,13 this study 
was the first to evaluate morbidity rates and associations using 
DSM-5 insomnia diagnostic criteria coupled with habitual 
short sleep. Further, this study was the first to report mor-
bidity rates for former insomniacs with short versus normal 
sleep. Critically, we thoroughly examined racial disparities 
across a wide range of morbidities associated with insomnia 
and short sleep. Although blacks were at overall higher risk 
for medical and psychiatric illnesses, these health disparities 
were attributable in large part to race-related differences in 
sleep, such as higher rates of sleep deprivation and short sleep 
insomnia among black Americans. Thus, short sleep insomnia 
represents an especially burdensome health crisis for the black 
population in the US. Future prospective investigations should 
test whether the development of short sleep and insomnia 
mediates racial differences in risk for cardiometabolic and 
psychiatric illnesses.

Although relationships among sleep and medical and mental 
health have received growing attention, much of what is known 
centers on inter-illness transactions such as the effects of in-
somnia on psychiatric illness and the cardiometabolic system. 
However, given risk factor mutuality,2,15,35–37 efforts should be 
directed toward better understanding the transdiagnostic roles 
of shared biological vulnerabilities underlying these condi-
tions. Perturbations to neurobiological systems modulating 
sleep, mood, and cardiometabolic function may give rise to 
disease co-occurrence; ergo highly vulnerable individuals may 
be marred by diathetic fragility of these systems. A key com-
ponent of the risk relationships among short sleep insomnia, 
mood pathology, pain, and CMD may involve persistent over-
activation or heightened reactivity of physiological arousal 
systems governing stress response (e.g., hypothalamic-pitu-
itary-adrenal axis hyperactivity, parasympathetic-deficient 
autonomic imbalance, cortical arousal). Indeed, insomnia has 
been characterized as a sleep disorder marked by 24-h hyper-
arousal with deficient downregulation of wake-promoting pro-
cesses,35,38 and hyperarousal, rather than sleep loss, is complicit 
in the development of CMD2 and mood pathology.39,40 Thus, 
co-occurring disease expressions may reflect destabilized 
or corroded neurobiological systems in potentiated manifest. 
Advancement of nosological frameworks and comorbidity re-
search would benefit from directed exploration and character-
ization of these transdiagnostic risk factors.

ENDNOTES
A. �The range of scores on the QIDS-16 is 0 to 27. Thus, a cutoff 

of ≥ 11 corresponds to the 40.74th %ile of the scale’s total 
27 points. After removing the sleep subscale, the maximum 
score possible is 24. The 40.74th %ile then corresponds to 
a score of 9.78, which we rounded to ≥ 10 to create our ad-
justed cutoff for moderate depression.

B. �As obesity rates were higher in blacks than whites, we ran a 
2 × 2 chi-square analysis comparing rates of normal vs. short 
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sleepers between whites and blacks among nonobese sub-
jects (BMI < 30). Chi-square analysis revealed significant 
group differences (χ2 = 66.99, P < 0.001) such that nonobese 
blacks had higher rates of short sleep (n = 181/520, 34.8%) 
than nonobese whites (n = 335/1,855, 18.1%), RR = 1.92.
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