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Study Objectives: Obstructive sleep apnea (OSA) is prevalent among older adults. Although treatment with positive airway pressure (PAP) lowers
subsequent morbidity, PAP adherence is inconsistent. Socioeconomic disparities have been observed in OSA treatment, but regional differences in OSA care are
unknown. This study examined geographic variations in PAP treatment and adherence among older Americans.
Methods: This study utilized a representative 5% sample of all Medicare fee-for-service beneficiaries aged 65+ years. An OSA diagnosis, treatment, and PAP
adherence were confirmed with International Classification of Diseases, Ninth Revision, HCPCS (Health Care Common Procedure Coding System) codes, and ≥2
HCPCS claims for PAP supplies respectively. Descriptive statistics were used to examine proportions of Medicare beneficiaries who obtained and adhered to PAP.
Maps described the proportion of treated and adherent beneficiaries by state and hospital referral region.
Results: For state-level data, PAP treatment and adherence proportions among beneficiaries with an OSA diagnosis ranged between 54–87% and 59–81%,
respectively. Proportions of treated patients were higher in Midwest states (>80%), in comparison to Northwest, Northeast, and Southern states (<73%). Southern
states andCalifornia had lowest proportions of PAPadherence (<70%).Within-state variability in treatment patternswere apparent along the East andWest coasts.
Correlations of PAP treatment and adherence proportions were low in Washington, DC, New York, and New Jersey. Discordant treatment and adherence
proportions were observed in Alabama and Mississippi.
Conclusions: Significant state-level and regional disparities of PAP treatment and adherence among Medicare beneficiaries with OSA suggest gaps in delivery
of OSA care for older Americans.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Treatment of obstructive sleep apnea and treatment adherence have been associated with socioeconomic position
and demographic characteristics. Data on geographical differences in obstructive sleep apnea care are limited.
Study Impact: This study conducted spatial analyses to examine between- andwithin-state differences in proportions of positive airway pressure treatment and
treatment adherence in a representative sample of US older adults diagnosed with obstructive sleep apnea. Our findings suggest significant geographic
disparities in positive airway pressure treatment and treatment adherence and highlight regional gaps in delivery of obstructive sleep apnea care in older adults.

INTRODUCTION

Obstructive sleep apnea (OSA) affects at least one-quarter of
older adults in the United States1 and negatively impacts health
and quality of life.2,3 Although positive airway pressure (PAP)
treatment has potential to reduce subsequent morbidity,4–6 ad-
herence to PAP treatment is inconsistent.7,8 In older adults with
OSA, the proportions of PAP treated and PAP adherent are
estimated between 60% and 73%.9–11 Sociodemographic and
health factors have been linked to OSA treatment gaps,10,12,13 but
data on regional OSA disparities in the United States are scarce.14

Geographic differences have been reported in other chronic
conditions such as metabolic syndrome and stroke recurrence and
mortality, with the highest burden observed in central US states, the
Southeast, and the Northeast, respectively.15–17 Treatment of
cardiovascular disease and prostate cancer, as well as adherence

tohypertension,diabetes, andhyperlipidemia therapies, provide just
a few examples of apparent variations across US regions.18–21

Examination of regional patterns in OSA treatment and
subsequent adherence could identify gaps and inform strategies
to improve OSA care in the United States.

This study utilized the large and nationally representative
Medicare Fee-for-Service database to examine patterns of OSA
treatment, and adherence to treatment, among older adults by
state and hospital referral region.

METHODS

Study participants
A5% random sample ofMedicare beneficiaries (n = 2,758,197)
from the Medicare Beneficiary Summary File (2013) was used

Journal of Clinical Sleep Medicine, Vol. 17, No. 3 March 1, 2021421

https:/ /doi.org/10.5664/jcsm.8914
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

K
ir

st
en

 T
ay

lo
r 

on
 F

eb
ru

ar
y 

20
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

https://doi.org/10.5664/jcsm.8914


to identify US older adults, aged 65 years or older, who were
enrolled in Medicare fee-for-service. This sample was further
restricted to older adults who carried a diagnosis of OSA, de-
fined by at least 1 ICD-9 (International Classification of Dis-
eases, Ninth Revision) code in any position in the Medicare
carrier file (n = 102,618).

PAP treatment and adherence
Medicare beneficiaries were classified as treated with PAP if an
initial prescription for PAP equipment (at least 1 PAP HCPCS
[HealthCareCommonProcedureCodingSystem] code for PAP
machine or supplies) was present in the Medicare Durable
Medical Equipment file. These HCPCS codes are unique for
PAP equipment (Table S1 in the supplemental material).
Treatment adherence was defined by the presence of at least 2
HCPCS claims for PAP supplies (filters, cushions, masks, or
tubing) separated by at least 1 month over the course of the
claims study period. The definition of 2 or more equipment
claims across 3 years as adherence proxy aligns with the val-
idated threshold of 0.7 refills per year that discriminates between
adherent and nonadherent adults with OSA, using theMedicare
adherence definition of 4 or more hours per night, at least 70%
of nights.22

Statistical analysis
Descriptive statistics were used to examine the demographic
characteristics of Medicare beneficiaries with OSA. We esti-
mated state-specific proportions of Medicare beneficiaries with
OSAwho obtained PAP treatment, and of those who adhered to
their treatment. These proportions were described as quintile
categories in 2 maps created using procedures in ArcGIS
software (Esri, Redlands, California, USA). To examine more

granular regional variations, we created 2maps that represented
Hospital Referral Region (HRR)–specific proportions of treat-
ed beneficiaries among those diagnosed and adherent benefi-
ciaries among those treated. HRRs defined as regional health
care markets, are widely used in studies of geographic
variation.23,24 These regions cross borders of states, counties,
andmunicipalities.25 Finally,weused scatterplots to identify the
relationship between proportions of PAP treatment and ad-
herence, by state. All study procedures were approved by the
University of Michigan Institutional Review Board.

RESULTS

In this sample of 102,618 older adults with an OSA diagnosis,
57% were men and 43% were women. More than 60% were
younger than 75 years. Whites represented nearly 90% of the
sample (Table 1).

In state-level data, the proportion of PAP-treated and PAP-
adherent beneficiaries with an OSA diagnosis ranged between
54–87% and 59–81%, respectively. Higher proportions of
beneficiaries treated with PAP (>80%) were observed in the
Midwest states of North and South Dakota, Minnesota,
Nebraska, Iowa, as well as Wyoming and Hawaii. Of these
states, North Dakota had the highest proportion treated with
PAP (>87%). PAP treatment proportions were lower (<69%) in
western states and the Northeast, including California, Nevada,
Colorado, New Mexico, New York, and Alabama.

Adherence to PAP treatment showed somehow similar
geographic patterns, as higher proportions were noted in New
England and the Midwest and lower proportions in the mid-
Atlantic and southern states (Figure 1 and Figure 2).

Table 1—Demographic characteristics among 102,618 Medicare beneficiaries with obstructive sleep apnea, 2011–2013.

Demographic and Health Characteristics Total Sample (n = 102,618) PAP Treated (n = 74,737) PAP Adherent (n = 53,610)

Sex

Men 58,293 (57) 44,369 (59) 32,341 (60)

Women 44,325 (43) 30,368 (41) 21,269 (40)

Age

65–69 years 36,010 (35) 26,336 (35) 18,449 (34)

70–74 years 29,540 (29) 21,977 (29) 16,197 (30)

75–79 years 19,543 (19) 14,347 (19) 10,479 (20)

80–84 years 11,376 (11) 8,097 (11) 5,780 (11)

85–89 years 4,830 (5) 3,225 (4) 2,198 (4)

≥90 years 1,319 (1) 755 (1) 507 (1)

Race/ethnicity

Non-Hispanic White 91,040 (89) 67,031 (90) 48,855 (91)

Non-Hispanic Black 7,319 (7) 5,019 (7) 3,113 (6)

Hispanic 1,267 (1) 749 (1) 375 (1)

Asian 923 (1) 514 (1) 318 (1)

Other 2,069 (2) 1,424 (2) 949 (2)

Data are presented as n (%). Proportions are rounded to the nearest integer. “Other” race/ethnicity includes Pacific Islander and Native American.
PAP = positive airway pressure.
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Figure 1—State-level proportions of PAP treatment among Medicare beneficiaries with obstructive sleep apnea.

PAP = positive airway pressure.

Figure 2—State-level proportions of adherence to PAP treatment among Medicare beneficiaries with obstructive sleep apnea.

PAP = positive airway pressure.

Figure 3—HRR-level proportions of PAP treatment among Medicare beneficiaries with obstructive sleep apnea.

HRR = Hospital Referral Region; PAP = positive airway pressure.
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Analysis by HRR patterns of PAP treatment and treat-
ment adherence showed minimal within-state variability in
upper midwestern and mountain states, such as the Dakotas and
Montana. However, higher variations in PAP treatment and

treatment adherence were observed in eastern and southern
states, as well as in California (Figure 3 and Figure 4).

State-level scatterplots showed that PAP treatment and ad-
herence were linearly correlated. Montana and Vermont were

Figure 4—HRR-level proportions of adherence to PAP treatment among Medicare beneficiaries with obstructive sleep apnea.

HRR = Hospital Referral Region; PAP = positive airway pressure.

Figure 5—Scatterplot of PAP treatment and adherence proportions by state among Medicare beneficiaries with obstructive
sleep apnea.

PAP = positive airway pressure.

Journal of Clinical Sleep Medicine, Vol. 17, No. 3 March 1, 2021424

GL Dunietz, Y Yu, RS Levine, et al. Geographic disparities in PAP treatment and adherence
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

K
ir

st
en

 T
ay

lo
r 

on
 F

eb
ru

ar
y 

20
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



among the states with the highest proportion of Medicare
beneficiaries who were both treated for OSA and adhered to
PAP. The southern states of Mississippi and Alabama had the
highest discordance between proportions of treatment and
treatment adherencewith 80%of PAP treatment vs less than 70%
adherence. Concordantly, low proportions of PAP treatment and
adherence were apparent in Washington, DC (Figure 5).

DISCUSSION

This analysis of a nationally representative sample of Medicare
beneficiaries aged 65 and older with OSA suggests substantial
variation in both treatment and adherence, at the state and HRR
levels. A positive, linear correlation between state-level pro-
portions of OSA treatment and treatment adherence was ap-
parent. These data provide new insight into US regions that may
be vulnerable to gaps in OSA care for older Americans. For
example, in general, northern Midwest and central mountain
states had relatively high rates of treatment and adherence,
whereas southwestern states and some mid-Atlantic states had
relatively low rates.

To date, national-level patterns of PAP therapy and treatment
adherence among OSA-diagnosed patients have been largely
unexplored. The observed variations in PAP treatment patterns
in this study are a first step in understanding the greatest areas of
need to improve sleep health care delivery for older patients
with OSA.

Gaps in OSA care could be attributed to state-level demo-
graphic variations.While age distributionswere similar in states
with high and low treatment and PAP-adherence proportions,
racial differences were apparent. States with higher vs lower
proportions of PAP treatment patterns are predominantly
White, with lower racial and ethnic diversity. For example,
Medicare beneficiaries who reside in North Dakota,Wisconsin,
Maine, Montana, and Vermont—overwhelmingly White states
(95%)—had higher proportions of treatment and treatment
adherence in comparison tomore racially and ethnically diverse
areas such as Washington, DC, and Hawaii. Although socio-
economic position, urbanicity, and access to accredited sleep
centers could also explain variation inOSAcare, these datawere
not available for our analyses. Detailed nationwide study with
individual-level information is needed to examine the potential
influence of geographic variations in sociodemographic factors
and sleep care access on OSA treatment in older adults.

It should be noted that, while this sample is representative of
OSA-diagnosed Medicare beneficiaries, its racial/ethnic dis-
tribution differs in comparison to the general Medicare pop-
ulation. For example, White Medicare beneficiaries with an
OSA diagnosis accounted for 89% of the sample; yet, the
fraction ofWhites more generally in theMedicare population is
75%. Similarly, Hispanics with OSA represented 1% of this
sample vs 10% in the Medicare population. Prior reports have
identified rates of OSA among Hispanics in the United States
exceeding those of non-Hispanic Whites.26 Therefore, the
racial/ethnic differences between our sample and the general
Medicare population may well highlight racial/ethnic dispar-
ities in recognition of OSA among older adults as well.

The reported treatment proportions could be influenced by
underlying, state-specific OSA prevalence, and therefore may
not entirely reflect success in identification and treatment of
Medicare beneficiaries with OSA. In post hoc analyses, we
found state-specific prevalence of OSA to be extremely low,
less than 1% across the board, in comparison to estimated
prevalence of approximately 7% among older populations.27

This suggests that widespread underrecognition of OSA in
Medicare beneficiaries, a finding that we also observed in a
prior study,28 is likely a larger issue than is regional variation in
recognition of OSA.

This descriptive study has several limitations. First, the use of
2 or more Medicare claims for PAP equipment, as a surrogate
measure for treatment adherence, may not be sufficiently
specific. This could result in some overestimation of partici-
pants as adherent. Nonetheless, a study composed of 220 pa-
tientswithOSA found a PAP equipment claim rate of at least 0.7
claims per year to be a good predictor for long-term PAP
adherence.22 Conversely, beneficiaries who decided to seek
alternative treatments for OSA (such as a dental appliance or
surgery) or those who purchased PAP equipment out-of-pocket
could have beenmisclassified in our analyses as nonadherent. It
is also possible that some beneficiaries remained adherent but
did not refill their PAP supplies on a regular basis. A known
limitation of Medicare data is the lack of measurable socio-
economic indicators, cohabitation, or neighborhood charac-
teristics, linked to PAP treatment.29–32 Finally, this sample of
older adults was predominantly White (89%) and adjustment
for race/ethnicity would have minimal impact on the re-
ported findings.

This study has several strengths. Utilization of nationally
representative data ofMedicare beneficiaries allows description
of both state and HRR-level disparities in patterns of OSA
treatment among older adults with OSA. The high sensitivity of
ICD-9 codes for OSA diagnosis is another strength.33 Although
informative for national decision making, examinations of
state-level data create crude geographic aggregates that average
regionswithin a state with optimal and poor access to OSA care.
The present analysis of HRR-level PAP treatment and adher-
ence patterns provided more precise geographic information
and highlighted within-state variations in OSA care.

In short, significant state- and HRR-level geographic vari-
ations in PAP treatment and treatment adherence appear to exist,
at least among older Medicare beneficiaries with OSA. These
geographic disparities could inform future efforts to enhance
regional health care delivery for older adults in the United
States. Recent technological advances allow robust asynchro-
nous telemedicine monitoring for continuous positive airway
pressure adherence. These and other technological innovations
may offer opportunities to ameliorate regional disparities in
OSA treatment.

ABBREVIATIONS

HRR, Hospital Referral Region
OSA, obstructive sleep apnea
PAP, positive airway pressure
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