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Abstract

Rationale: Prior work suggests that Black patients have more
severe obstructive sleep apnea (OSA) upon clinical presentation.
However, the extent to which this may reflect differences in
symptoms or other standard measures of OSA risk is unclear.

Objectives: We assessed for racial disparities in OSA
characteristics at time of initial clinical diagnosis.

Methods: Data from 890 newly diagnosed patients with OSA at
an urban academic sleep center were included in this analysis. All
patients completed a standardized questionnaire on
demographics and sleep-related symptoms and underwent
laboratory polysomnography. Symptom severity at the time of
evaluation was compared across race and sex.

Results: Black men were underrepresented in the sleep lab,
making up only 15.8% of the cohort and 31.3% of Black
participants (P <0.001). Despite this, Black men had the
most severe OSA with a mean apnea hypopnea index of
52.4 = 39.4 events/hour, compared with 39.0 * 28.9 in White

men, 33.4 * 32.3 in Black women, and 26.2 = 23.8 in White
women (P <0.001 for test of homogeneity). Black men also
had the greatest burden of OSA symptoms with the highest
mean Epworth Sleepiness Scale score (12.2 £ 5.9 versus

9.4 = 5.2 in White men, 11.2 £5.9, in Black women, and

9.8 = 5.6 in White women; P < 0.001). Compared with White
men, Black men were 1.61 (95% CI [1.04-2.51]) times more
likely to have witnessed apneas and 1.56 (95% CI
[1.00-2.46]) times more likely to have drowsy driving at the
time of OSA diagnosis.

Conclusions: At the time of clinical diagnosis, Black men have
greater disease severity, suggesting delay in diagnosis. Further,
the greater burden of classic OSA symptoms suggests the delayed
diagnosis of OSA in Black men is not due to atypical
presentation. Further research is needed to identify why
screening methods for OSA are not equitably implemented in the
care of Black men.
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ORIGINAL RESEARCH

Obstructive sleep apnea (OSA) is one of the
most common respiratory diseases, and the
prevalence of OSA continues to rise with the
worsening obesity epidemic (1). Beyond its
impact on daytime sleepiness and quality of
life, OSA is an independent risk factor for
hypertension, congestive heart failure, and
stroke (2). A wealth of evidence
demonstrates that Black individuals are
disproportionately impacted by these
cardiovascular diseases (3) and so stand to
benefit to a much greater extent from early
identification and treatment of underlying
OSA. In fact, preliminary studies suggest that
treatment of OSA may help reduce the
disparity in hypertension between Black and
White individuals (4, 5). The importance of
accurately diagnosing OSA in Black
individuals is further highlighted by evidence
that Black individuals are at higher risk for
developing OSA compared with White
individuals (6, 7).

The process of obtaining an OSA
diagnosis in the U.S. healthcare system can
be cumbersome, and evidence suggests
80-90% of people with moderate to severe
OSA are undiagnosed (8). Most primary care
providers do not routinely screen for OSA in
their clinical practice (9, 10). Whether these
barriers disproportionately impact Black
individuals—even though they potentially
have the most to gain from diagnosis and
treatment—is unclear. However, structural
factors including access to health insurance,
transportation to the sleep clinic and sleep
lab, ability to take time off from work for
medical care or find childcare to undergo
overnight sleep study, along with mistrust in
the healthcare system due to a legacy of
medical mistreatment that create barriers to
sleep medicine care are all known to
disproportionately impact Black individuals
over White individuals in U.S. society.

We assumed that more severe disease at
the time of clinical presentation reflect delays
in clinical diagnosis. Thus, we sought to
evaluate differences in OSA severity,
symptoms, and co-morbidities by race at the
time of initial clinical diagnosis at an urban
academic sleep center.

Methods

All adult patients referred to the University
Hospitals Cleveland Medical Center sleep
laboratories between February 2007 and
December 2010 were approached to
participate in a research study evaluating
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genetic risk factors for sleep disorders, the
results of which have been previously
published (11). This analysis includes the
subset of the cohort who were diagnosed
with obstructive sleep apnea (apnea
hypopnea index [AHI] = 5 events/hour) via
polysomnography and who self-identified as
either Black or White. Participants with
central sleep apnea (defined as the presence
ofan International Classification of Diseases,
Ninth Revision (ICD-9) diagnosis code for
central sleep apnea [327.21, 327.22, or
327.27] on the polysomnogram or a central
apnea index > 5 events/hour with the central
apnea index > obstructive apnea index) were
excluded from the study. This work was
approved by the University Hospitals
Cleveland Medical Center Institutional
Review Board. All participants provided
written informed consent.

Demographics, social history, medical
history, sleep habits, and symptoms were
obtained from a standardized questionnaire
completed by all participants, which included
the Epworth Sleepiness Score (ESS) (12).
Body mass index (BMI) was calculated using
measured height and weight.

Participants were asked about the
presence and frequency of snoring, witnessed
apneas, drowsy driving, and unrefreshing
sleep using the Berlin Questionnaire (13).
Participants were asked if they had been told
if they snore and given choices of yes, no, or
unsure. A positive response was compared
with a negative response or being unsure.
Patients reported frequency of snoring and
feeling tired or fatigued after sleep in
categories of never or nearly never, 1-2 times
amonth, 1-2 times a week, 34 times a week,
or nearly every day. Responses were
categorized as regular snoring or
unrefreshing sleep if symptoms occurred at
least 3-4 times a week. The questions
regarding witnessed apnea or drowsy driving
had binary (yes/no) choices. Comorbid
conditions including hypertension, diabetes,
depression, coronary heart disease, and
congestive heart failure were documented
using self-report of a physician diagnosis.

Overnight polysomnography was
performed using the Rembrandt
polysomnographic system. The recording
montage included (F4-M1, C4-M1, O2-Ml,
F3-M2, C3-M2, and O1-M2) bilateral
electrooculography, submental and bilateral
anterior tibial electromyography, thoracic
and abdominal respiratory inductance
plethysmography, and finger pulse oximetry.
Nasal airflow and nasal pressure were

measured using an oro-nasal thermistor and
a nasal cannula, respectively.
Polysomnography was performed according
to American Academy of Sleep Medicine
(AASM) standards with sleep scored
manually in 30-second epochs, and
respiratory events were scored using AASM
criteria. Apnea was defined as cessation of
airflow for 10 seconds, and hypopnea was
defined as a =50% reduction in airflow
accompanied by a =3% drop in
oxyhemoglobin saturation and/or arousal as
per the alternative criteria in the 2007 AASM
scoring manual (14).

Statistical Analysis

The cohort was stratified into four groups by
race and sex. No imputation was performed
for missing data. Comparisons across groups
were performed using analysis of variance for
continuous variables across all four groups or
t test within each sex, while chi-squared tests
were used for categorical variables.
Univariate logistic regression was used to
estimate the relative risk of witnessed apnea
and drowsy driving in Black men compared
with White men. All analyses were
conducted in SAS version 9.4.

Results

A total of 1,141 individuals presenting for
evaluation of sleep disorders were enrolled
into the study (Figure 1). Of these, 951 (83%)
participants had an elevated AHI based on
polysomnography. We excluded 29
participants with central sleep apnea. This
analysis was restricted to 890 participants
after excluding 32 participants who self-
reported a racial identity other than Black or
White or who did not report their race.

The mean age of the study participants
was 51.4 * 14.5 years and mean AHI was
36.4 = 32.1 events/hour. As expected in a
clinical population of patients with OSA,
BMI was elevated with a mean of 37.5 £ 9.9
kg/m®. Over 50% of the cohort had
hypertension, and diabetes mellitus was
present in just under one quarter. The cohort
was fairly equally split between Black (50.6%)
and White participants (49.4%). Among
White participants, 56% with OSA were
male, while among Black participants, only
31% with OSA were male (P < 0.001). Thus,
the overall demographics of patients with
OSA was 15.8% Black men (n=141), 27.9%
White men (n =248), 34.7% Black women
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1,141 Patients Underwent a
Polysomnogram

951 Patients Diagnosd with
Sleep Apnea

890 Black and White Patients
with Obstructive Sleep Apnea
Enrolled in the Study

Figure 1. Study flow diagram.

(n=309), and 21.6% White women
(n=192).

The demographic characteristics of
participants stratified by race and sex are
displayed in Table 1. Black participants were
on average 5 years younger than White
participants, with mean age ranging from
48.1 * 13.9 years in Black men to 54.9 + 13.3
years in White women (P < 0.001 for global

Table 1. Demographics of participants

61 Patients Excluded
29 Patients with Predominantly
Central Sleep Apnea

32 Patients Self-Reported Being
Neither Black nor White

comparison). BMI also differed across race
and sex; mean BMI ranged from 33.9 = 8.3
kg/m” in White men to 41.4 + 9.8 kg/m” in
Black women (P < 0.001 for global
comparison). Hypertension and diabetes
were more common in Black participants
compared with White participants, while
coronary artery disease was more common
in men compared with women. In fact, Black

women had the highest prevalence of
diabetes (28.3%) while White women had
the lowest (17.8%, P =0.008). Depression
prevalence varied substantially, ranging from
24.6% in Black men to 50.3% in White
women (P < 0.001 for global comparison).

Despite their younger age, Black men
had the greatest AHI, arousal index, and
percent time with oxygen saturation <
90%, as well as the lowest minimum
oxygen saturation at time of diagnosis
(Table 2). Among Black men, mean AHI
was 52.4 = 39.4 events/hour compared
with 39.0 = 28.9 events/hour in White
men, 33.4 £ 32.3 events/hour in Black
women, and 26.2 = 23.8 events/hour in
White women (P < 0.001 for global
comparison). When categorized, similar
proportions of Black men and White men
had severe OSA (58.2% versus 52.8%,
P=0.31, Figure 2). However, severe OSA
was more prevalent in Black women
compared with White women (38.2%
versus 28.1%, P=0.02).

Black men also had the greatest burden
of OSA symptoms (Table 1). Mean Epworth
Sleepiness Scale score was highest in Black
men at 12.2 * 5.9 followed by Black women
at 11.2 = 5.9, White women at 9.8 + 5.6, and
White men (9.4 = 5.2, P < 0.001 for global
comparison). Both witnessed apneas and

Men

Black
(n =141, 15.8%)

Characteristic

White
(n = 248, 27.9%)

Age (years) 48.1 £13.9 53.2+14.5
(n = 890)

Body mass index (kg/m?) 38.0+96 33.9+83
(n = 888)

College degree 23 (17.2%) 129 (52.7%)
(n = 872)

Employed 85 (65.9%) 172 (70.8%)
(n = 850)

Regular bed partner 80 (60.6%) 163 (68.8%)
(n = 846)

Co-morbid condition

Depression 33 (24.6%) 74 (30.1%)
(n = 873)

Hypertension 82 (59.0%) 115 (46.4%)
(n = 878)

Diabetes 29 (21.0%) 46 (18.6%)
(n = 883)

Coronary artery disease 13 (9.6%) 30 (12.5%)
(n = 864)

Heart failure 18 (13.1%) 20 (8.1%)
(n = 873)

Women

(n = 309, 34.7%)

White
(n = 192, 21.6%)

Black

49.2+14.8 54.9+13.3

414+98 35.7+10.2
38 (12.6%) 90 (47.1%)
134 (45.4%) 115 (62.8%)

116 (39.6%) 108 (58.7%)

107 (35.4%) 96 (50.3%)

195 (64.4%) 88 (46.8%)
87 (28.3%) 34 (17.8%)
20 (6.7%) 11 (5.9%)

34 (11.3%) 13 (6.8%)

Values provided as mean = standard deviation or number (percentage).
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Table 2. Obstructive sleep apnea severity and symptoms

Men Women
Black White Black White Global
(n =141, 15.8%) (n =248,27.9%) P Value (n =309, 34.7%) (n=192,21.6%) P Value P Value
AHI, events/h 52.4+39.4 39.0+28.9 < 0.001 33.4+32.3 26.2 +23.8 0.004 <0.001
(n =890)
Arousal index, 39.7 = 30.0 31.4+20.7 0.005 24.6 = 20.1 23.4+154 0.47 <0.001
events/h
(n = 847)
Minimum Spo,, % 78 =11 82+7 <0.001 81+8 83+7 0.01 <0.001
(n = 859)
Total sleep time with 14.8+24.4 9.2+16.7 0.02 6.3+ 14.6 7.5+16.7 0.44 <0.001
Spo, <90%, %
(n =832)
Epworth Sleepiness 122+59 9.4+52 <0.001 11.2+59 9.8+56 0.009 <0.001
Scale score
(n =831)
Snores 125 (90.6%) 225 (92.2%) 0.58 279 (91.2%) 158 (82.3%) 0.003 0.004
(n = 880)
Regular snoring 108 (87.1%) 174 (84.5%) 0.51 214 (82.3%) 120 (81.6%) 0.86 0.58
(n=737)
Witnessed apnea 93 (68.4%) 138 (57.3%) 0.03 143 (47.5%) 66 (35.5%) 0.009 <0.001
(n = 864)
Unrefreshing sleep 97 (72.4%) 165 (67.9%) 0.37 218 (71.9%) 145 (76.7%) 0.24 0.25
(n = 869)
Drowsy driving 49 (35.5%) 63 (26.0%) 0.05 63 (20.7%) 40 (20.9%) 0.94 0.005
(n = 876)

Definition of abbreviations: AHI = apnea hypopnea index; SD = standard deviation; Spo, = oxygen saturation as measured by pulse oximetry.
Values provided as mean * SD or number (percentage). P values presented both comparing values within each sex and for a global test of

homogeneity.

drowsy driving were more common in Black
men than in the other three groups.
Compared with White men, Black men had
roughly 60% greater odds of reporting
witnessed apneas (OR 1.61, 95% CI
[1.04-2.51]) and drowsy driving (OR 1.56,
95% CI [1.00-2.46]) at the time of OSA
diagnosis.

Discussion

In this large cohort study of newly diagnosed
patients of an urban academic medical
system with OSA, we found significant
differences across race and sex in both
symptoms and severity of OSA. In terms of
disease severity, Black men had not only the
highest AHI but also the greatest level of
sleep fragmentation and the greatest degree
of hypoxemia. However, despite a high
burden of disease, Black men were the least
represented among the four subgroups. In
addition, Black women were 1/3 more likely
to have severe OSA at the time of diagnosis
compared with White women. These
findings suggest that there is a substantial
delay in diagnosing and evaluating OSA
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among both Black men and women
compared with their White counterparts.

The delay in clinical diagnosis cannot be
ascribed to atypical clinical presentation in
that classic OSA symptoms were highly
prevalent in both Black men and women.
While snoring was near universal across
groups, Black individuals, and particularly
Black men, had greater levels of sleepiness,
drowsy driving, and witnessed apneas. Racial
disparities in excessive daytime sleepiness
and drowsy driving have been well described
(15, 16), and may relate in part to other
contributors such as greater rates of
shiftwork and shorter sleep durations (17). In
terms of comorbidities, Black participants
had higher rates of those comorbidities most
closely associated with OSA, including
greater severity of obesity and higher
prevalence of hypertension. Given the greater
symptom burden and greater comorbidities,
the clinical suspicion for OSA would be
expected to be much greater for Black
participants in our cohort, raising the
question why they were not evaluated and
initiated on treatment earlier.

This interpretation that greater disease
severity at diagnosis means greater delay in

diagnosis assumes that OSA severity both
based on physiologic indices and by
symptoms progresses over time. While long-
term natural history studies of untreated
OSA are lacking, epidemiologic data do
indicate that OSA severity increases as
individuals age, in part due to increasing
obesity over time (18, 19). In addition, short
term studies do support the notion that
untreated OSA worsens (20, 21).

Our findings are consistent with that of
prior research. In a cohort of patients with OSA
who presented to an academic sleep center in
Detroit, Black patients were also found to have a
higher mean AHI compared with White
patients at the time of diagnosis. Black men
younger than 39 years of age and between 50
and 59 years of age were found to have higher
AHI than White men of the same age ranges
(22).In addition to confirming the effects of
race and sex on OSA, our study expands upon
this work by further exploring the effect of race
and sex on OSA symptoms at the time of
diagnosis. Similarly, a prior study demonstrated
greater OSA severity and symptoms at the time
of clinical diagnosis in a safety-net sleep clinic as
compared with a clinic serving a middle-class
population with health insurance (23).
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Figure 2. Severity of obstructive sleep apnea by race and sex.

The greater symptoms of OSA and
higher severity of disease on
polysomnography among Black participants
compared with White participants suggests a
referral bias may be present rather than a
difference in clinical presentation between
the two groups. The Cleveland Family Study
enrolled family members of both Black and
White individuals with known sleep apnea
along with family members of their
neighbors. Black individuals were found to
have greater sleep apnea severity at a younger
age than White individuals (6). These results
suggest that symptoms of OSA among Black
patients are present long before they arrive at
sleep laboratories for evaluation.

One explanation for our findings may be
that Black patients are not being referred for
clinical sleep evaluation as frequently as White
patients. Recent work suggests that Black
patients experience more barriers in seeing
their primary care physicians compared with
White patients (24) that may prevent them
from being fully assessed. Primary care
physicians also refer their Black patients to
specialists less frequently than their White
patients (25). A national survey of outpatient
physician visits found the percentage of visits
in 2007-2010 related to sleep apnea was 25%
lower among Black patients compared with
White patients (26). Prior work examining
primary care referrals to polysomnography
among high-risk individuals did not show a
difference between Black and White patients
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(9). However, only 19% of all of the high-risk
patients underwent referral (compared with
63% for mammograms and 83% for
endoscopies), suggesting a need for
improvement in recognition of the
importance of OSA screening across the
board. The study was conducted in a safety-
net hospital system where there may have
been greater awareness of the effects of race,
socioeconomic factors, and social
determinants of health on patient outcomes.

A study examining a convenience sample
of 105 independent community physicians
practicing in a single large metropolitan area
reported a high level of recognition of the
need for OSA evaluation and a high referral
rate of patients with OSA (75%) (27). Neither
race, nor age, nor physician specialty was
associated with referral. However, the factor
most strongly associated with referral was
patient inquiry about OSA, which increased
referral odds more than 9-fold. Thus, since
physicians appear to rely on patients to
stimulate referral, not asking the physician
about OSA due to such reasons as lack of
awareness about it or feeling it inappropriate
or uncomfortable to bring up the topic—may
lead to delayed diagnosis. Studies of Black
patients suggest knowledge gaps about sleep
apnea are common (28-30), which makes it
incumbent upon physicians to take the
initiative on matters related to referral while
being sensitive to biases that may be
preventing them from doing so.

Knowledge gaps about the importance of
OSA may also lead to uncompleted referrals.
Black patients may be less likely to follow up
for polysomnography after a referral is made:
In a retrospective study of a hospital-based
sleep clinic in New York City, only 38% of
Black patients referred by their physicians
arrived at the sleep clinic (31). However,
among those patients who underwent
polysomnography, 91% were diagnosed with
OSA severe enough to require treatment.

Many people remain confused about
OSA, including its diagnosis and
management. A survey of Black and White
couples attending a health fair in Chicago
found that Black participants were more likely
to believe that snoring was normal while their
bed partners were less likely to report having
to leave the room due to snoring (32). A focus
group study conducted in Brooklyn, New
York found that many Black participants
considered OSA to be a form of age-
associated insomnia caused by some bedtime
activities (29). Regarding the sleep laboratory,
many participants expressed concerns
regarding being watched while they slept and
sleeping in an unfamiliar environment.

Many systematic and structural barriers
may also prevent patients from seeking testing
for OSA (33). Nighttime access to the sleep lab
when public transportation options are often
limited, obtaining overnight child or eldercare
to pursue overnight testing, and taking time
off from work, particularly for shift workers,
can all limit access. In addition, many people
may feel unsafe sleeping away from home.
The rise of portable monitoring has facilitated
home-based diagnosis of OSA. With similar
accuracy to in-laboratory polysomnography,
portable monitoring may increase adherence
to diagnostic sleep testing among diverse
populations by removing many of the barriers
people presently experience. In a study of
Black patients in Chicago who underwent
both home and in-lab testing, home portable
testing was the preferred diagnostic modality
in 87% of patients (34). Unfortunately, this
diagnostic modality remains unavailable for
many patients.

Strengths of the study include its large
sample size of Black and White participants,
ascertainment of race through participant self-
report, and detailed collection of
polysomnographic data. In addition, the study
population was broadly reflective of the
underlying referral population—our cohort
was 50.6% White and 49.4% Black while the
city of Cleveland is 40.0% White and 48.8%
Black.
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Limitations to this study should be
considered in interpreting our results. This
was a cohort study of patients referred to
sleep laboratories of an urban academic
medical center. The results may not be
reflective of patients attending sleep
laboratories of other healthcare systems.
However, the results closely align with those
of other investigators. Although the criteria
for scoring hypopneas used in this study are
outdated, a recent meta-analysis comparing
the criteria used with the currently
recommended scoring criteria found

extremely similar diagnostic performance
(35). In addition, we did not exclude patients
with OSA who had comorbid obesity
hypoventilation syndrome due to a lack of
reliable information about this diagnosis.
Comorbid conditions were noted by self-
report and may have been subject to recall
bias. Only Black and White participants were
included in this analysis. It is unclear how
other races and ethnicities are affected by
OSA. Our study focused on classic
symptoms of OSA and did not assess
different clusters of OSA symptoms (36, 37).

Conclusions

Black individuals present with greater
symptoms of OSA on clinical presentation
and more severe OSA on polysomnography.
Future work should determine the reasons
behind delayed diagnoses and test
interventions to mitigate these delays to
achieve health equity. Such interventions
will need to be effective among both women
and men. M

Author disclosures are available with the
text of this article at www.atsjournals.org.
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