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Study Objectives: Black individuals are disproportionately affected by diabetes, cardiovascular disease, obesity, and OSA. Adherence to PAP therapy
has been reported to be lower among black individuals. This study seeks to examine associations between black race and PAP adherence among
veterans with OSA.
Methods: This was a retrospective study. Veterans newly diagnosed with OSA at a single Department of Veterans Affairs sleep center who were prescribed a
modem-enabled PAP device between January 2015 and November 2017 were enrolled. PAP adherence was defined as ≥ 4 hours nightly usage for at least 70% of
nights measured at 30 days from PAP setup. We examined the relationship between race and adherence, controlling for sex, marital status, age, socioeconomic
status, residual apnea-hypopnea index), and mask leak.
Results: Of 3013 patients identified with OSA, 2571 (85%) were newly started on PAP therapy (95% male, aged 59 years ± 14 years, 45% married, 8% with
neighborhood socioeconomic disadvantage). Twenty-five percent of participants were black, and 57%were white. PAP adherence at 30 days was 50% overall (42%
among blacks, 53% among nonblacks). Black race was associated with reduced 30-day PAP adherence in unadjusted (P <.001) and adjusted logistic regression
models (odds ratio = 0.64; 95% CI, 0.53 – 0.78; P < .001).
Conclusions: Among veterans with OSA, black race was associated with reduced PAP adherence. These findings suggest health inequality among black
individuals in the treatment of OSA.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Race is a known contributor to health disparities. Prior studies examining the relationship between black race and
positive airway pressure adherence looked at small cohorts of patients or used single-measure proxies for socioeconomic status (ie, zip code, education
level, or household income).
Study Impact: This study is the largest to date that examines the relationship between black race and positive airway pressure adherence in the treatment of
obstructive sleep apnea, while utilizing objective cloud-based adherence data and adjusting for neighborhood socioeconomic disadvantage based on
multiple domains, including income, education, employment, and housing quality. This study provides strong evidence of health inequality among black
veterans with obstructive sleep apnea.

INTRODUCTION

OSA is a chronic disease that causes intermittent hypoxia and
sleep fragmentation.1 Untreated OSA has been associated with
an increased risk for automobile or workplace accidents, hy-
pertension, diabetes, and cardiovascular events such as stroke
or myocardial infarction.2–7 The prevalence of OSA has been
documented to be up to 69% in certain cohorts of veterans, who
overall comprise nearly 10% of the American population.8–10

Positive airway pressure (PAP) is the first-line treatment for
OSA.1 Clinical studies and insurance companies generally
define PAP adherence as a minimum of 4 hours of nightly usage
for 70% of nights during a consecutive 30-day period.11 Yet,
adherence to PAP therapy for OSA remains poor. Over 15% of
patients discontinue treatment after a few nights of use, and
approximately 50% abandon therapy within 1 year.12–15

Many factors have been correlated with PAP usage, in-
cluding but not limited to race, sex, marital status, age, so-
cioeconomic status, residual AHI, and mask leak.16–22 Black
individuals with OSA may have reduced PAP adherence, but
prior studies examining this relationship have been limited
by small sample sizes, reliance on self-reported adherence, or
lack of full adjustment for potential confounders such as
socioeconomic status.16,22–29

Detecting racial health inequalities in PAP therapy is an
important first step in reducing health disparities among indi-
viduals with OSA. In a conceptual framework developed by
Department of Veterans Affairs researchers, the three phases of
disparities research are (1) detecting (eg, define vulnerable
populations, measure disparities in vulnerable populations,
consider confounding factors), (2) understanding (eg, identify
determinants of health disparities at the level of patients,
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provider, clinical encounter, and health care system), and (3)
reducing (ie, intervene, evaluate, translate and disseminate, and
change policy).30

As an initial step toward reducing health disparities, we
sought to detect racial health inequalities at our institution.With
the large-scale use in our sleep center of modem-enabled PAP
devices that transmit objective PAP adherence data to cloud-
based servers, we were provided a unique opportunity to
evaluate patterns of PAP use in a large and racially diverse
veteran population within the context of a closed medical
system. We hypothesized a priori that black race would be
associated with worse PAP adherence at 30-day follow-up
among veterans with OSA.

METHODS

Overall design and data sources
This was a retrospective cohort study utilizing PAP therapy
information stored in a cloud-baseddatabase and patient records
housed within the Veterans Health Administration Corporate
Data Warehouse, which is a secure collection of databases
containing demographic, clinical, and utilization information
that can be accessed via theVeterans Informatics and Computing
Infrastructure. Local institutional review board approval was
obtained (PCC 2018-100999).

Participants
We included individuals aged ≥ 18 years who had been diag-
nosed with OSA via home sleep apnea testing or in-lab poly-
somnography and were newly setup with modem-enabled PAP
therapy between January 1, 2015 and December 31, 2017 at
the Veterans Affairs Greater Los Angeles Healthcare System.
Patients who had previously received PAP therapy were ex-
cluded from the study. Veterans referred for a sleep study at our
institution were screened by sleep clinicians for contraindica-
tions to home sleep apnea testing in accordance with American
Academy of Sleep Medicine guidelines, and those with con-
traindications to home sleep apnea testing underwent attended
polysomnography. Obstructive sleep apnea was diagnosed
based on American Academy of SleepMedicine 1A guidelines.
Each veteran with OSA was contacted by a sleep clinician
about the OSA diagnosis and was offered a next-available
appointment for PAP device setup. A Philips Respironics
DreamStation Auto CPAP (initial settings typically 6–16 cm
H2O) was issued, and education about PAP use was provided
by a trained respiratory therapist during a standardized face-
to-face visit.

Measures
The primary outcome was adherence at 30 days following PAP
initiation and was defined as ≥ 4 hours of PAP use on 70% of
nights in a consecutive 30-day period. A 30-day window pre-
vented the introduction of confounders, specifically telemedi-
cine visits by our sleep therapy–trained respiratory therapists,
which were scheduled after this time period to evaluate ad-
herence and support veteran PAP use. The primary predictor,
black race, was extracted from the Corporate Data Warehouse.

We identified, based on the published literature, relevant
covariates that could confound the relationship between black
race andPAP adherence.16–22Device-calculated parameters (eg,
minutes of usage, residual AHI, and leak) were exported from a
cloud database that stored the patient’s nightly therapy data.
Additional demographic and clinical information (eg, age,
sex, marital status) were also obtained from the Corporate
Data Warehouse.

Neighborhood socioeconomic statuswas estimated using the
area deprivation index (ADI) as a surrogate measure. Single
measures of socioeconomic status suffer from methodological
issues such as unreliability, difficulty with data collection, vari-
ation over a lifetime, inadequate classification of unemployed
or retired individuals, and lack of concordance between individ-
ualmeasures (eg, income and education).31 Therefore, composite
measures may be more appropriate and accurate in capturing
socioeconomic status.32 Due to the retrospective nature of this
study, comprehensive individual-level factors could not be
ascertained and therefore a validated neighborhood-level
composite index was used. The ADI is a publicly available
composite score generated from 17 socioeconomic variables
collected in the 2013 American Community Survey and mea-
sures neighborhood disadvantage via social factors such as
education, employment, income, and housing quality.33,34 The
ADI has been shown previously to correlate with clinical
outcomes such as chronic disease management success and
hospital readmissions.35,36 Veteran mailing addresses were ob-
tained via Veterans Informatics and Computing Infrastructure
andwere geocoded to the census blockgroup (ie, neighborhood)
level. The geocoded records were merged with the 2013 ADI
data from the University ofWisconsin, School of Medicine and
Public Health (www.neighborhoodatlas.medicine.wisc.edu) to
obtain anADI score for each address. Those in the first percentile are
considered the least disadvantaged, and those in the 100th per-
centile are the most disadvantaged. The presence of neigh-
borhood disadvantage was defined as the top 15% of ADI
percentiles, based on prior analyses showing increased read-
mission risks at this cutoff.33

Statistical analyses
All statistical analyses were performed with RStudio (version
1.1.456; RStudio Inc, Boston, MA). Continuous variables were
reported as mean plus or minus standard deviation (± SD). We
compared demographic and clinical characteristics across
groups using t tests, χ2 tests, and correlation coefficients, as
appropriate. Multicollinearity was assessed using the Farrar-
Glauber F-test and variance inflation factor. Multiple logistic
regression models were fit with predetermined covariates:
sex, marital status, age, socioeconomic status represented by
ADI,mean residual AHI, andmean residualmask leak.We used
an alpha level of .05 for all statistical tests.

RESULTS

A total of 3013 individuals were identified, of whom 2571
(85%) were newly started on PAP therapy. The demographic
characteristics of the sample are presented inTable 1. The study
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population was predominantly middle-aged men (95% male,
mean age 59 ± 14 years). Black veterans made up 25% of the
study population. At 30 days following initial PAP setup, the
overall adherence was 50% (n = 1289) with 242 ± 163 minutes

(4.0 ±2.7 hours) of nightly use. Compared to nonblack veterans,
black veterans were younger with a lower likelihood of being
married. Black veterans also had reduced 30-day PAP adher-
ence (42%versus 53%) and nightly usage (216 ±135 versus 251

Table 1—Participants’ characteristics.

Variables Study Population (n = 2571) Black Race (n = 644) Nonblack Race (n = 1927) P-value

Male 95% 93% 96% < .01

Marital Status

Never married 22% 24% 21% .12

Married 45% 35% 49% < .001

Divorced 30% 39% 26% < .001

Widowed 2% 2% 2% .63

Unknown 1% .5% 1% .12

Age (years) 59 ± 14 61 ± 23 59 ± 15 < .001

Area deprivation index percentile (mean) 33 33 33 .99

Residual AHI (events/h) 4.7 ± 5.2 4.7 ± 26.3 4.8 ± 5.4 .68

Mask leak (liters/min) 40.8 ± 23.9 41.0 ± 24.0 40.8 ± 24.2 .88

≥ 4-h PAP use for ≥ 70% of days, at 7 days 48% 41% 51% < .001

Average nightly use (min), at 7 days 232 ± 169 207 ± 163 241 ± 171 < .001

≥ 4-h PAP use for ≥ 70% of days, at 30 days 50% 42% 53% < .001

Average nightly use (min), at 30 days 242 ± 163 216 ± 135 251 ± 166 < .001

Figure 1—Distribution of area deprivation index percentiles among veterans with obstructive sleep apnea receiving care at the
Veterans Affairs Greater Los Angeles Healthcare System.

Socioeconomic status was estimated by an area deprivation index, which ranks neighborhoods at the level of the census block-group and accounts for
income, education, employment, and housing quality. Those in the first percentile are considered the least disadvantaged, and those in the 100th percentile are
the most disadvantaged. The vast majority of study participants did not live in a disadvantaged neighborhood, based on the published cutoff that the most
disadvantaged neighborhoods are represented by the top 15% national ADI.
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± 166 minutes). Additionally, reduced PAP adherence in black
veterans was apparent as early as 1 week after treatment ini-
tiation (41% versus 51%, P < .001).

Figure 1 shows the distribution of neighborhood socio-
economic disadvantage. ADI percentiles ranged from 1% to
100%,with amean of 33%and amedian of 26%.Only 8%of the
cohort resided in the most disadvantaged neighborhoods, based
on the published cutoff that the most disadvantaged neigh-
borhoods are represented by the top 15% national ADI.33

Table 2 presents 30-day PAP adherence, stratified by the
adherence factors. In univariate regression, PAP adherence was
associatedwith race (black versus nonblack race), marital status
(married state versus not married), age, neighborhood socio-
economic status (represented by ADI percentile), residual AHI,
and mask leak. Although black veterans represented 25% of the
total study population, they represented 21% of adherent and
29% of nonadherent patients (P < .001). In the adjusted logistic
regression model, black race remained a significant predictor
of reduced PAP adherence at 30 days (odds ratio = 0.64; 95%
confidence interval, 0.53–0.78; P < .001).

There was no significant difference in PAP adherence
with respect to other racial subgroups (eg, Asian, Hawaiian/
Pacific Islander, and American Indian) (Table S1 in the
supplemental material).

DISCUSSION

To our knowledge, this is the largest real-world analysis of the
relationship between race and PAP adherence that controls for
socioeconomic status and utilizes objective measures of PAP
adherence. Among 2571 veterans with OSA who were newly

started on PAP therapy, we found reduced PAP adherence
among individuals who self-reported black race. Even after
adjusting for potential confounders such as neighborhood so-
cioeconomic disadvantage, black race was associated with a
36% reduction in PAP adherence.

The significant correlation between black race and PAP
adherence that was seen in our large cohort is supported by other
studies. Among patients diagnosed with OSA during preop-
erative screening or following inpatient hospitalization for
decompensated congestive heart failure, CPAP adherence was
reduced among black individuals; however, socioeconomic
factors were not assessed.24,27 At the Miami Veterans Affairs
sleep clinic, black individuals had 1 hour less of nightly PAPuse
compared to whites when adjusted for education level.28

Similarly, in another study, reduced adherence was seen
among African American veterans, although zip code (spe-
cificallymedian household income for zip code) was used as the
measure of socioeconomic status.37 A randomized controlled
trial across 5 cities in theUnited States of home versus lab-based
diagnosis of OSA found that both black race and lower eco-
nomic status (again based on zip code) predicted poor PAP
adherence, but zip codes can encompass a variety of neigh-
borhoods with different socioeconomic statuses.16

Our study’s findings are strengthened by our use of a large
data set inclusive of all veterans receivingmodem-enabled PAP
therapywithin our enrollmentwindow.Device parameterswere
directly obtained from a secure cloud-based system, which
provided more accurate and complete usage assessments than
did prior studies inwhich individuals self-reported adherence or
whose data were lost along with follow-up clinic visits. In
contrast with other large-scale retrospective analyses in which
adherence of the study population was enriched by virtue of

Table 2—Outcome of PAP adherence at one month (≥ 4h PAP use for ≥ 70% of days) in unadjusted and adjusted logistic
regression models.

Variables Unadjusted Odds Ratioc [95% CI] Unadjusted P-value Adjusted Odds Ratioc [95% CI] Adjusted P-value

Race

Nonblack racea Reference Reference

Black race 0.66 [0.55–0.79] <.001 0.64 [0.53–0.78] <.001

Sex

Female Reference Reference

Male 1.04 [.72–1.51] .90 0.94 [0.63–1.39] .66

Marital status

Not marriedb Reference Reference

Married 1.61 [1.38–1.89] <.001 1.39 [1.18–1.64] <.001

Age 1.01 [1.01–1.02] <.001 1.02 [1.02–1.03] <.001

Area deprivation index percentile 1.00 [1.00–1.01] .02 1.00 [1.00–1.01] .03

Residual AHI (events/h) 0.96 [0.95–0.98] <.001 0.97 [0.94–0.97] <.001

Mask leak (liters/min) 0.98 [0.97–0.98] <.001 0.98 [0.97–0.98] <.001

a IncludesWhite, Asian, Native Hawaiian/Pacific Islander, American Indian, Not Stated. b Includes Never Married, Divorced, Widowed, Unknown. c Odds ratios
for continuous variables (age, area deprivation index percentile, AHI, and mask leak) can be interpreted as the change in the odds of 30-day PAP adherence
for every unit increase in the variable. Odds ratios for categorical variables (black race, male sex, married state, and 7-day adherence) represent the change in
odds of 30-day PAP adherence if the variable were true. CI = confidence interval.
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payor and insurance requirements,38 our study examined PAP
adherence essentially among all-comers willing to engage
with PAP treatment. Many of our patients have no or minimal
out-of-pocket costs associated with their sleep studies, PAP
equipment, and clinic visits, which greatly reduces financial
barriers that would otherwise be encountered outside the VA
healthcare system. Such a financially optimized system
permits the examination of adherence above and beyond usual
cost factors. Furthermore, we were able to adjust for patients’
socioeconomic status, which can mediate the outcomes seen in
studies of minority health, by using a validated and compre-
hensivemetric of neighborhooddisadvantage.33Additionally, it
may be ideal to determine the relationship between black race
and OSA treatment in veterans given that a greater proportion
of individuals identify as black or African American in the
veteran population compared to the general United States
population (52% versus 32%).39

Our study has some limitations. Because our patients
consisted predominantly of male veterans, our conclusions
may not be generalizable to all individuals with OSA. Also,
we did not examine PAP adherence over a longer time period.
Multiple studies, however, have shown correlation between
adherence from as early as 3–7 days with later adherence at
1, 3, and 6 months, and 1 year.23,40–42 Finally, although we
identified an association between black race and PAP ad-
herence, the retrospective study design did not allow us to
determine the basis for the observed relationship. Studies
have shown a higher prevalence of insomnia and short sleep
duration among black adults,43,44 and it is unknown if these
factors or other confounders explain the racial disparity that was
seen. We also do not have data on important behavioral de-
terminants of PAP use, such as self-efficacy, knowledge, and
social support.

CONCLUSION

Race is a known contributor to health disparities. This study is
the largest to date that examines the relationship between black
race and PAP adherence in the treatment of obstructive sleep
apnea, while adjusting for socioeconomic status and utilizing
objective cloud-based adherence data. We have shown that
black race is associated with reduced PAP adherence among
veterans with OSA. The basis for this relationship needs to be
explored in future studies so that steps can be taken to reduce
racial health inequalities in the treatment of OSA.

ABBREVIATION

ADI, Area deprivation index
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