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Abstract

Objective. Determine risk factors for failure to receive surgi-
cal treatment among patients with obstructive sleep apnea.

Study Design. Population-based observational longitudinal cohort
study.

Setting. Population-based database.

Methods. Multivariate analysis of 500,792 individuals with obs-
tructive sleep apnea from Optum’s deidentified Clinformatics
Data Mart database (2004-2018).

Results. Black race, increased age, diabetes, atrial fibrillation,
obesity, and congestive heart failure were independently
associated with a decreased rate of surgery for obstructive
sleep apnea. Asian race, hypertension, arrhythmias other
than atrial fibrillation, pulmonary disease, and liver disease
were independently associated with an increased rate of sur-
gery for obstructive sleep apnea.

Conclusion. Racial disparities in health outcomes related to
health care access and in economic resources have an enor-
mous impact on public health and social equity. We found dif-
ferences in rates of surgery for obstructive sleep apnea based
on race. These data are consistent with others demonstrating
disparities in medical treatment of sleep apnea with positive
pressure and underline a need for a change in awareness and
treatment in these populations.
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R
acial and ethnic disparities in health were brought

recently to the forefront of public consciousness due

to the disproportionate toll that the COVID-19 pan-

demic has taken on African American individuals1,2 and the

Black Lives Matter movement. However, these disparities are

deep rooted in American society, originating from extensive

social and structural inequities. Over hundreds of years,

racism and discrimination have resulted in vast economic and

educational disadvantages for African American individuals

that result in decreased health care access and quality, ulti-

mately leading to poorer health outcomes. We are now begin-

ning to understand the scope of the issue.

Obstructive sleep apnea (OSA) is an enormous public health

challenge that disproportionately affects African American indi-

viduals. Moderate to severe OSA (apnea-hypopnea index�15)

affects approximately 10% of US adults and is strongly associ-

ated with increased cardiovascular disease, diabetes, neurocog-

nitive disease, and death. These health consequences are

mitigated or prevented with treatment3; however, an alarming

80% to 90% of those who have OSA remain undiagnosed.4

Disturbingly, African American adults and children have a

higher prevalence of OSA5-12 and a decreased rate of treat-

ment as compared with White people.13-20 A recent study

demonstrated moderate or severe OSA in 24% of African

American adults, while just 5% of those had a prior diagno-

sis.21 It is well known that the path to diagnosis and treatment

for OSA can be tedious and fraught with opportunities to fall

through the cracks, and African American patients are espe-

cially susceptible. One study found that only 38% of African

American patients referred by their primary care providers

eventually received an evaluation by a sleep clinician; 91% of

those evaluated were diagnosed with OSA.22 African

American patients self-refer for sleep-disordered breathing at

lower rates vs White patients23 and have increased OSA severity

at diagnosis.24 Treatment does indeed reduce mortality among

African American patients with OSA.19 However, once a diag-

nosis has been made, data show decreased continuous positive

airway pressure (CPAP) usage among African American indi-

viduals13-19 (although others found no difference23,25).

There is no organic, scientifically valid explanation for

these disparities across race. In contrast, socioeconomic
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factors account for many disparities. It has been proposed,

with limited data, that the increased prevalence of OSA

among African American adults vs White adults can be

explained by a higher rate of obesity.6,7,26,27 The cause of the

latter trend, though, is clear. Abundant data demonstrate that

these increased rates of obesity are explained by socioeco-

nomic factors, such as decreased access to affordable and

healthy dietary options, access to health care, vocation, and

walkability of neighborhoods.28-31 While data exist showing

disparities in diagnosis and treatment of OSA, to date there

are limited data on demographic variables or comorbidities

affecting rates of surgical treatment for OSA.

Methods

This study was approved by the Stanford Institutional Review

Board (IRB-40974).

Data Source

All data were sourced from Optum’s Clinformatics Data Mart

administrative claims database, which contains the longitudi-

nal health care records of commercially insured enrollees cov-

ered by qualifying health care plans from a health care

insurance provider. Diagnoses can be queried through ICD-9/

10 codes (International Classification of Disease, Ninth and

Tenth Revision), while procedures were inferred from Current

Procedural Terminology (CPT) codes. As this data source

parsed race/ethnicity as White, Black, Asian, and Hispanic,

we refer to Black race rather than African American individu-

als for the remainder of this article. We acknowledge that

White, Black, and Asian are races, while Hispanic vs non-

Hispanic refers to ethnicity; we nevertheless present the vari-

ables set by our database.

Cohort Identification

Adult patients (.18 years) with OSA were identified from

Optum’s Clinformatics Data Mart database (2014-2018),

which is derived from a database of deidentified administra-

tive health claims for members of large commercial and

Medicare Advantage health plans.

Criteria for inclusion were initiation of CPAP therapy

with either a formal diagnosis code corresponding to apnea

or a polysomnogram within 1 month of CPAP initiation

(Figure 1). Development of this search strategy was

required given the previously discovered low sensitivity of

using only diagnosis codes for OSA for case identification.32

The index diagnosis date was defined by the first OSA-

related encounter (the first occurrence of CPAP initiation,

polysomnogram within 1 month of CPAP initiation, or an

apnea diagnosis within 1 month of CPAP initiation).

Additionally, patients were required to have at least 1 year of

continuous preindex follow-up. Comorbidities were defined

per the Charlson Comorbidity Index. Additional comorbid-

ities included hypertension, atrial fibrillation, increased

body mass, and other cardiac arrhythmias. The primary out-

come of interest was time to surgical intervention following

OSA diagnosis. Eligible procedures were uvulopalatophar-

yngoplasty, septoplasty, tonsillectomy, turbinate reduction,

hyoid myotomy, and genioglossus advancement.

Maxillofacial surgery was not included. Other features in

our analysis were demographic (age, sex, and race) and

socioeconomic (income, education, and number of depen-

dents in the household). An overall 500,792 patients were

included in analysis, with demographic data for this cohort

presented in Table 1.

Statistical Analyses

Broadly, nonparametric approaches were used for 2-sample

comparisons of continuous and categorical variables (Mann-

Whitney U test and chi-square test of independence,

respectively). A time-varying multivariable Cox regression

approach, including all demographic and medical covariates

(Tables 2 and 3), was used to interrogate the primary

outcome of interest (presence of surgical treatment for

OSA). Comorbidities were analyzed either as static variables

or with time-varying analysis. Whereas static variables

are associated with a patient only if they have been entered

in the patient’s chart at the time of initial OSA diagnosis,

time-varying analysis incorporates any new diagnosis during

the time between OSA diagnosis and the endpoint (surgery).

Time-varying covariates were selected a priori and in-

cluded diabetes mellitus (with or without chronic compli-

cations), myocardial infarction, cerebrovascular disease,

hypertension, atrial fibrillation, and other arrhythmias.

Particularly over an extended period of follow-up, time-

varying models can account for changes in a patient’s current

condition and their effects on the outcome of interest (in this

case, undergoing surgery for OSA relief). Medical treatment

of OSA has been shown to reduce morbidity and mortality

and/or improve biomarkers associated with these conditions;

thus, a new diagnosis of OSA may indicate a need for earlier

surgery.33-38 We limited the time-varying feature set to avoid

increasing model complexity, which limits the model’s

applicability to new data by overfitting on the existing data.

The time interval for the analysis began at the date that

patients met inclusion criteria. These patients were followed

until a surgical intervention for OSA or for as long as data

Figure 1. Inclusion criteria. Algorithm for inclusion of patients with
OSA through available administrative data; adapted from McIsaac et al.32
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were continuously available in our database, with a minimum

interval of 1 year. All demographic and medical comorbidities

were combined in the same analysis.

All analyses were conducted on all variables at the same

time (survival package, R version 4.0.0; R Project for

Statistical Computing). Statistical significance was met below

a 2-tailed P value of .05.

Results

Our analysis comprised 500,792 insured patients with a diag-

nosis of OSA based on our inclusion criteria. All variables in

our multivariate analysis are presented in Tables 2 and 3. We

included patient data from 2004 to 2018. The age range was

18 to 90 years at diagnosis, with a median of 54. Median

follow-up postdiagnosis was 872 days. As reported by the

database, this population had a racial/ethic breakdown of

White (391,506), Asian (12,140), Black (50,393), and

Hispanic (46,753). Our multivariable Cox regression included

all demographic and medical covariates.

Among demographic variables, increased age above the

18- to 29-year range (P \ .001) and Black race (P = .020)

were independently associated with decreased likelihood for

receiving surgery for sleep apnea. Asian race was associated

with increased likelihood of receiving surgery for sleep apnea

(P = .027). Neither annual income nor education level was sig-

nificantly associated with surgery for OSA, although yearly

income \$50,000 trended toward an association with a lower

likelihood for receiving surgical treatment (P = .064; Table 2).

Among prior comorbidities—which, for the purpose of our

analysis, were necessarily present at the time of OSA

diagnosis—obesity (P \ .001) and congestive heart failure

(P \ .001) were independently associated with decreased

likelihood for receiving surgery for sleep apnea. Pulmonary

disease (P\ .001) and liver disease (P\ .01) were associated

with increased likelihood of receiving surgery for sleep

apnea. No association was found between surgical treatment

for OSA and those who are overweight or those diagnosed

with diseases associated with OSA, such as dementia and pul-

monary disease (Table 3).

Among comorbidities analyzed in a time-varying analysis,

which accounted for new diagnosis of a disease between the

time of OSA diagnosis and the endpoint, diabetes associated

with chronic complications (P = .022) and atrial fibrillation

(P\ .01) were associated with decreased likelihood of surgery

for sleep apnea. Hypertension (P \ .01) and other arrythmias

(P\ .001) were associated with increased likelihood of surgery

for sleep apnea. Neither diagnosis of uncomplicated diabetes nor

having a heart attack or stroke during the follow-up period was

associated with subsequent surgery to treat OSA (Table 3).

Limitations

Our data were derived from a large database of insured

patients, which introduces several limitations. All demo-

graphic and health information was extrapolated from insur-

ance codes. Furthermore, the study population includes only

insured persons, which limits its applicability to the general

population. However, as Black Americans are at higher risk

of being uninsured than their White counterparts and as unin-

sured people have reduced access to health care, our findings

likely underestimate any disparity in care.

Discussion

Our analysis reveals insight into the management of OSA and

the population of patients who receive surgical treatment. Our

Table 1. Demographics.a

No. %

Age, yb 54.6 13.6

Sex

Male 313,801 62.7

Female 186,991 37.3

Race/ethnicity

Asian 12,140 2.4

Black 50,393 10.1

Hispanic 46,753 9.3

White 391,506 78.2

Income, $

\50,000 108,560 21.7

50,000-100,000 153,534 30.7

.100,000 156,226 31.2

Unknown 82,472 16.5

Education

High school diploma or less 136,065 27.2

Some college or associate degree 282,165 56.3

Bachelor degree or higher 82,562 16.5

Weight

Normal 375,183 74.9

Overweight 11,283 2.3

Obese or morbidly obese 114,326 22.8

Comorbidites (at siagnosis)

Hypertension 288,611 57.6

Atrial fibrillation 35,353 7.1

Other arrhythmia 58,889 11.8

Myocardial infarction 17,091 3.4

Cerebrovascular disease 34,200 6.8

Diabetes mellitus: uncomplicated 112,531 22.5

Diabetes mellitus: complicated 45,328 9.1

Congestive heart failure 35,401 7.1

Peripheral vascular disease 32,819 6.6

Dementia 861 0.2

Pulmonary disease 95,239 19.0

Rheumatic disease 13,028 2.6

Peptic ulcer disease 4418 0.9

Liver disease 23,241 4.6

Plegia/paresis 3104 0.6

Renal disease 28,865 5.8

Malignancy nonskin 26,292 5.3

Metastatic tumor 2423 0.5

AIDS/HIV 14,125 2.8

aDemographic data for 500,792 patients with obstructive sleep apnea from

Optum’s deidentified Clinformatics Data Mart database.
bMean (SD).
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data do not shed light on CPAP adherence for which there are

known disparities.13 Surgery was avoided in patients with

medical comorbidities that might increase the risk of general

anesthesia, such as heart disease, obesity, and diabetes with

chronic complications. In contrast, hypertension, pulmonary

disease, and arrythmias (with the exception of atrial fibrilla-

tion) were associated with increased rates of surgery.

Considering that treating OSA with CPAP is known to reduce

blood pressure37 and recurrence of arrythmias,33 our results

suggest that surgery for sleep apnea may be performed in the

interest of optimizing health and reducing cardiovascular and

pulmonary risk factors. The association seen in several other

variables is more difficult to explain. The reduced incidence

of surgery in patients with atrial fibrillation may be related to

hesitance to stop the anticoagulation that may be prescribed,

or it may be confounded by inconsistencies with coding (if

coded as other arrythmia). Indeed, the main limitation of our

analysis lies in the sourcing of data through insurance codes.

Asian race corresponded to an increased likelihood of sur-

gical treatment of OSA. This may be explained by lower rates

of obesity in Asian communities as compared with Caucasian

communities. While obesity is a risk factor for OSA among

all ethnicities, including Asian, surgical treatment may be

more commonly offered in those with lower body mass

index.39 For example, Lam et al found that Asian individuals

had more severe OSA, partly due to a more crowded posterior

oropharynx,40 suggesting that Asian patients with OSA may

be more amenable to surgical intervention. There are limited

data on the role of access to health care among Asian

Americans.

The finding on which we are choosing to focus our discus-

sion is that Black race is a risk factor for failure to receive sur-

gical treatment of OSA, independent of all other demographic

variables and comorbidities. In other words, insured Black

individuals are less likely to receive surgery for sleep apnea

than their White counterparts, independent of income, wealth,

and comorbid health conditions. These findings raise the

question of why.

One historical explanation pertains to craniofacial anat-

omy, in which there are known racial and ethnic variabilities,

some of which have greater association with OSA.6,41

Whereas White individuals with OSA have differences in

bony and soft tissue cephalometric measures as compared

with White controls, differences in bony structures do not pre-

dispose to OSA in Black individuals.

In contrast, increased tongue area and increased soft palate

length are associated with increased risk of OSA in Black

individuals.41 This may explain some of the disparities in

rates of maxillofacial surgery. However, these surgical proce-

dures are relatively rare and are typically performed after fail-

ure of less invasive surgery for OSA; moreover, maxillofacial

surgery was excluded from our analysis.

Table 2. Demographic Variables.a

Variable (reference) Hazard ratio 95% CI P value

Age at diagnosis, y (18-29 y)

30-39 0.566006 0.48099-0.666 7.18E-12b

40-49 0.394572 0.33648-0.4627 \2e-16b

50-59 0.295984 0.25077-0.3494 \2e-16b

60-69 0.164186 0.13551-0.1989 \2e-16b

70-79 0.084367 0.06549-0.1087 \2e-16b

�80 0.056831 0.02985-0.1082 \2e-16b

Race/ethnicity (White)

Asian 1.286962 1.02849-1.6104 .027418c

Black 0.858251 0.7542-0.9767 .020439c

Hispanic 0.988592 0.87486-1.1171 .854022

Annual income, $ (.100,000)

\50,000 0.896209 0.79824-1.0062 .063555

50,000-100,000 0.937798 0.8525-1.0316 .186847

Unknown 1.194491 1.06762-1.3364 .001922

Education (bachelor degree or higher)

High school diploma or less 0.912073 0.80446-1.0341 .150802

Some college degree 0.939278 0.8474-1.0411 .23297

No. of children in household 1.03334 0.98432-1.0848 .18596

Abbreviation: OSA, obstructive sleep apnea.
aMultivariate logistic regression of the impact of demographic variables on receiving surgery for OSA. Among patients with OSA, Black race (vs a reference

race of White) and increasing age (vs a reference age of 18-29 years) were associated with a decreased rate of OSA surgery. Asian race was associated with

an increased rate of OSA surgery.
bP \.001.
cP \.05.
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We cannot discount mistrust of physicians as a factor

explaining our result. The US medical system has a long his-

tory of mistreating Black people. Notable examples include

forced sterilizations of Black women and the Tuskegee syphi-

lis study, which withheld treatment from hundreds of Black

men. As a result, this community has developed significant

medical mistrust, which pervades the health care system. A

November 2020 study by the Pew Research Center found that

42% of Black individuals intended to receive the COVID-19

vaccine, in contrast to 61% of White individuals (83% of

Asian individuals).42 This intention played out in reality, and

as of December 13, 2021, just 51% of Black Americans have

received at least 1 COVID-19 vaccine dose, in contrast to

58% of White Americans (77% of Asian Americans).43 This

mistrust developed and persisted because of systemic and

overt racism, and it must be addressed rather than dismissed if

we wish to decrease disparities in health. Indeed, OSA is

emblematic of a much broader trend in public health.

To correct this and move toward a more equitable and

healthy society, we must direct our attention and resources

toward addressing racial and ethnic health disparities in our

approach to future diagnostic and therapeutic interventions for

OSA. Clinicians must educate and counsel patients in a tailored

manner, sensitive to the justified mistrust as well as to the dis-

parities in health literacy and exposure to the health system.

Ultimately, this is a population health issue that is likely best

addressed at the level of community outreach and policy.

Research has demonstrated that culturally tailored approaches

toward education, evaluation, and treatment of OSA, as devel-

oped with the input and approval of the targeted communities,

can significantly improve outcomes. Specifically engaging

community leaders, working through community centers and

faith-based organizations, and developing tailored websites

may help effectively reach minority populations.44-46 In 2010,

the World Health Organization published a document outlining

policy approaches toward achieving gender equality and health

equity.47 We assert that similar policy recommendations

should be developed for race and ethnicity. Clinicians, compa-

nies, and policy makers must be ready and willing to open their

eyes, ears, and minds to the perspectives of the underserved for

us to dismantle the systemic barriers and gaps that perpetuate

racial and ethnic health disparities in this country.

Table 3. Comorbid Variables.a

Hazard ratio 95% CI P value

Time-varying conditions

Hypertension 1.167635 1.0516 to 1.2965 .003706b

Atrial fibrillation 0.614105 0.45198 to 0.8344 .001822b

Other arrhythmia 1.396211 1.20382 to 1.6193 1.02E-05c

Myocardial infarction 1.147804 0.85349 to 1.5436 .361793

Cerebrovascular disease 1.136432 0.91483 to 1.4117 .247828

Diabetes mellitus: uncomplicated 0.893512 0.75673 to 1.055 .184104

Diabetes mellitus: complicated 0.744218 0.57789 to 0.9584 .022076d

Prior comorbidities

Overweighte 1.2281 0.92003 to 1.6393 .16322

Obesee 0.692717 0.92003 to 0.8034 1.20E-06c

Congestive heart failure 0.655525 0.51088 to 0.8411 .000899c

Peripheral vascular disease 0.992792 0.79238 to 1.2439 .949862

Dementia 0.36392 0.0512 to 2.5865 .312387

Pulmonary disease 1.203652 1.09152 to 1.3273 .000203c

Rheumatic disease 0.618996 0.19425 to 1.9725 .417278

Peptic ulcer disease 0.629782 0.34805 to 1.1395 .12646

Liver disease 1.259623 1.05943 to 1.4976 .008956b

Plegia/paresis 0.738615 0.36875 to 1.4795 .39264

Renal disease 0.850543 0.64936 to 1.114 .239745

Malignancy nonskin 0.994339 0.80655 to 1.2258 .957601

Metastatic tumor 1.01315 0.48207 to 2.1293 .972497

AIDS/HIV 1.805257 0.58122 to 5.6071 .30699

Abbreviation: OSA, obstructive sleep apnea.
aMultivariate logistic regression of the impact of health on receiving surgery for OSA. Among patients with OSA, diagnosis of diabetes, atrial fibrillation, obe-

sity, and congestive heart failure were associated with a decreased rate of OSA surgery. Diagnoses of hypertension, other arrhythmias, pulmonary disease,

and liver disease were associated with an increased rate of OSA surgery.
bP \.01.
cP \.001.
dP \.05.
eBody mass index: overweight, 25-29.9; obese, .30.
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