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Abstract

Objective: To determine whether continuous positive airway pressure (CPAP) adherence reduces health
careerelated costs or use in patients with obstructive sleep apnea (OSA) and comorbid cardiovascular
disease (CVD).
Patients: A total of 23 million patients with CVD were identified in the Medicare fee-for-service database.
Of the 65,198 who completed a sleep study between January 2016 and September 2018, 55,125 were
diagnosed as having OSA and 1758 were identified in the 5% Medicare durable medical equipment (DME)
database.
Methods: Patients with DME claims were categorized as adherent (AD, treatment evidenced �91 days
after CPAP initiation; n¼614) or nonadherent (nAD, n¼242) to CPAP therapy. In addition, 9881 in-
dividuals with CVD who were not diagnosed as having OSA after sleep testing and without CPAP initiation
were included as control patients. Propensity score matching balanced the groups for age, sex, and
comorbidities (eg, diabetes mellitus), resulting in 241 participants per cohort. Dependent variables
included total episode-of-care, inpatient, outpatient, skilled nursing, home health, and DME costs across
12 months.
Results: Total episode-of-care costs of AD participants ($6825) were lower than those of nAD ($11,312;
P<.05) and control ($8102) participants. This difference (D) was attributable to fewer outpatient expenses
(D$2290; P<.05) relative to the nAD group and fewer inpatient expenses (D$745) relative to the control
group because skilled nursing costs were comparable between groups (P¼.73).
Conclusion: Adherence to CPAP treatment reduces annual health careerelated expenses by 40% in
Medicare patients with CVD and OSA.
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O bstructive sleep apnea (OSA) is
among the fastest-growing chronic
conditions in the United States,1

with rates increasing consistently for the past
30 years.2 Although approximately 12% of
American adults have OSA, it is estimated
that 80% with OSA remain undiagnosed.3

The likelihood of developing OSA increases
with well-established, nonmodifiable cardio-
vascular disease (CVD) risk factors, such as
age,2 sex (male),4 and body mass,5 in addition
to genetic predispositions.6 Moreover, OSA is
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rg n ª 2022 THE AUTHORS. Published by Elsevier Inc on behalf of Ma

access article under the CC BY-N
3 times more prevalent in patients with
CVD7 and is commonly diagnosed concomi-
tant with hypertension,8 type 2 diabetes melli-
tus,9 heart failure,10 atrial fibrillation,11 and
stroke.12 Beyond clinical concerns, untreated
OSA is associated with significant costs13

and, overall, the condition places significant
financial strain on the health care system.14

More specifically, $150 billion in health
careerelated expenses have been attributed
to OSA, including cost of care, workplace
incidents, and automotive accidents, with
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CPAP ADHERENCE AND REDUCED HEALTH CARE COST IN OSA
expenses increasing $30 billion more once
CVD-related comorbidities are considered.3

Importantly, it is estimated that $100 billion
of this cost could be saved with timely diag-
nosis and adequate treatment.3

The deleterious effects of OSA are attrib-
uted to several mechanisms, namely, hypoxia-
normoxia cycling15; as such, airway patency is
the principle therapeutic target. Continuous
positive airway pressure (CPAP), considered
the gold standard treatment for OSA, prevents
nocturnal hypoxemia and provides beneficial
effects on various cardiometabolic outcomes,
including blood pressure,16 insulin sensi-
tivity,17 inflammation,18 oxidative stress,18

and vascular health.18 In addition, we recently
reported that older adults who adhere to
CPAP treatment have reduced cardiovascular19

and stroke20 risk, which translates into reduced
inpatient health care use among Medicare ben-
eficiaries with comorbid OSA and CVD21 and
overall positive economic benefits among pa-
tients with OSA.22 However, to date, there
have been no studies investigating the impact
of CPAP adherence on health care costs among
patients with high-cost comorbidities (eg, com-
bined OSA and CVD). Tangent to this,
numerous reports have found that less than
50% of patients with OSA adhere to CPAP
treatment,18,23,24 although this percentage is
fluid per the adherence criterion.25 Neverthe-
less, poor adherence negates the benefits of
CPAP18,26 and is associated with a near 5-fold
increase in preventable motor vehicle crashes.27

Furthermore, low adherence to CPAP likely
adds further economic strain to the health
care system, although this is understudied.
Therefore, the principle aim of this study was
to evaluate potential economic benefits associ-
ated with CPAP use in patients with OSA and
CVD. The secondary aim was to determine
whether health careerelated expenses differed
in patients adherent to CPAP treatment
compared with nonadherent patients during
the initial 12 months of treatment.
METHODS

Study Design
We retrospectively analyzed 2 data sets. The
first data set included 100% of patients in
the Medicare fee-for-service (FFS) program
(38 million members) using the Medicare
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Standard Analytical Files from January 1,
2016, through September 30, 2019. Because
CPAP use data are not available from the
Medicare FFS program, a second data set rep-
resenting a random 5% of Medicare patients
with durable medical equipment (DME) files
was searched from January 1, 2017, through
December 31, 2018. Different data retrieval
windows were used to exclude patients using
CPAP before entering the Medicare database,
ensuring that the inclusion and exclusion
criteria were met while allowing all patients
to be followed longitudinally across a 12-
month tracking period.

Participant Identification
The patient selection process is shown in
Figure 1. Because these analyses were conduct-
ed retrospectively on administrative claims
data, and identifiable health care information
was not used, neither institutional review board
approval nor informed consent was required
per 45 CFR 46.102.28 Potential participants
were identified via International Statistical Clas-
sification of Diseases, Tenth Revision (ICD-10)
codes as having atrial fibrillation, heart failure,
stroke, and/or hypertension up to 12 months
before completing overnight polysomnography
(PSG) or an at-home sleep apnea test (HSAT,
identified via Current Procedural Terminology
codes) from January 1, 2016, through
September 31, 2018. Patients diagnosed as hav-
ing OSA (per ICD-10 diagnosis codes) in the 12
months after the identified PSG or HSAT were
matched to a DME claims file (w5% of
sampled patients), representative of January 1,
2017, through December 31, 2018, to deter-
mine presence of CPAP claims (eg, CPAP de-
vice, supplies) using the Healthcare Common
Procedure Coding System, similar to our previ-
ous work.19,20,29 All codes used are reported in
the Supplemental Table, available online at
http://www.mayoclinicproceedings.org).

The study population was segmented
based on CPAP use. Patients were considered
adherent if, per DME data, there was evidence
of CPAP treatment or related supply fills on or
after day 91 of CPAP initiation, similar to our
previous work.13,29 Three cohorts were
derived for comparison: those with CVD and
OSA who were adherent to CPAP treatment
(AD), those with CVD and OSA who were
nonadherent (nAD), and those with CVD but
oi.org/10.1016/j.mayocpiqo.2022.01.002 167
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Medicare fee-for-service 
in 2018

38,665,082

No Dx OSA
9881 (15.2)

CVD diagnosis
23,383,979 (60.0)

PSG/HSAT
65,198 (0.3)

No DME claims* present
53,367 (96.8)

Remaining after 
exclusion criteria

9739 (98.6)

Dx OSA
55,125 (84.6)

CPAP
1351 (98.1)

CPAP
856 (63.4)

No CPAP
26 (1.9)

OSA Dx after index 
CPAP: 207

Treatment with bilevel 
PAP: 174 

DME claims: 142
Integration of the 

DME file

DME claims* present
1758 (3.2)

No ‘clean period’ 
within 12 mo before

PSG/HSAT: 495 

AD
614 (71.7)

nAd
242 (28.3)

Surgical OSA treatment: 61
Nonsurgical treatment: 131

Hospice: 0

No PSG/HSAT: 23,292,309
No CVD Dx within 12 mo before

PSG/HSAT: 26,472

FIGURE 1. Flow diagram of participant selection. Data are shown as number (% of next highest section).
Dashed lines indicate justification for exclusion; solid lines indicate remaining patients. AD ¼ patients
adherent to CPAP treatment; CPAP ¼ continuous positive airway pressure; CVD ¼ cardiovascular
disease; DME ¼ durable medical equipment; Dx ¼ diagnosis; HSAT ¼ at-home sleep apnea test;
nAD ¼ patients nonadherent to CPAP treatment; OSA ¼ obstructive sleep apnea; PSG ¼ poly-
somnography. *Patients identified in the DME file were considered to have DME claims present.
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not diagnosed as having OSA after PST/HSAT
(control). Patients with potentially confound-
ing factors were excluded, as were those
Mayo Clin Proc Inn Qual Out n April 2022
without qualifying CVD within the 12 months
preceding PSG/HSAT. Additional exclusion
criteria included diagnosis of OSA after
;6(2):166-175 n https://doi.org/10.1016/j.mayocpiqo.2022.01.002
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TABLE 1. Patient Demographic Data After Propensity Score Matchinga,b

Characteristic AD (n¼241) nAD (n¼241) Controlc (n¼241)

P value

AD vs nAD AD vs control

Age group
�65 y 41 (17.01) 41 (17.01) 40 (16.60)
65-69 y 79 (32.78) 81 (33.61) 80 (33.20)
70-74 y 62 (25.73) 61 (25.31) 63 (26.14) .99 .52
75-84 y 50 (20.75) 49 (20.33) 55 (22.82)
�85 y NR NR NR

Sex
Male 124 (51.45) 130 (53.94) 124 (51.45) .65 >.99
Female 117 (48.55) 111 (46.06) 117 (48.55)

Race
Black 13 (5.39) 12 (4.98) 14 (5.81) .93 .99
White 217 (90.04) 219 (90.87) 216 (89.63)
Otherd 11 (4.57) NR 11 (4.57)

Comorbidities
CAD 13 (5.39) 12 (4.98) 11 (4.56) >.99 .84
Diabetes 15 (6.22) 16 (6.64) 14 (5.81) >.99 >.99
Obesity NR 13 (5.39) 13 (5.39) .67 .67
COPD NR NR NR >.99 >.99
Oncologic disorders 0 NR 0 NR NR
Smoking NR NR NR >.99 NR

Cardiovascular conditions
Atrial fibrillation 50 (20.74) 62 (25.72) 58 (24.06) .24 .45
Heart failure 61 (25.31) 80 (33.19) 60 (24.90) .07 .07
Hypertension 230 (95.44) 235 (97.51) 228 (94.61) .32 .84
Stroke NR NR NR >.99 >.99

aAD ¼ patients with cardiovascular disease (CVD) and obstructive sleep apnea (OSA) who are adherent to continuous positive airway pressure (CPAP) therapy;
CAD ¼ coronary artery disease; COPD ¼ chronic obstructive pulmonary disease; nAD, patients with CVD and OSA who are not adherent to CPAP therapy; NR ¼ not
reported (sample size not adequate [n<11] to be reported from the Medicare data set).
bData are shown as number (percentage). Because patients may have had more than one of the cardiovascular conditions, cardiovascular indications do not sum to 100%.
cPatients with CVD but without OSA.
dOther race includes individuals of Hispanic and unknown descent.

CPAP ADHERENCE AND REDUCED HEALTH CARE COST IN OSA
CPAP initiation and an OSA diagnosis within
the 12 months before PSG/HSAT assessment.
To focus exclusively on CPAP, patients who
received surgical or nonsurgical alternative
(eg, bilevel positive airway pressure, mandib-
ular advancement device) treatments for OSA
were removed from analysis, as were patients
who received hospice care within the study
period. After applying all the inclusion and
exclusion criteria, 614 AD, 242 nAD, and
9739 control participants were identified.

Propensity Score Matching
We conducted Pearson c2 and Fisher exact
tests to examine baseline differences in demo-
graphic and clinical characteristics. The
Mayo Clin Proc Inn Qual Out n April 2022;6(2):166-175 n https://d
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propensity score match (PSM) was imple-
mented to ensure a more balanced sample
among the 3 comparators. The AD were
matched to nAD at a ratio of 1:1. Then, the
resulting matched AD cohort was matched to
patients in the unmatched control cohort at a
ratio of 1:1. The following criteria were used
in the PSM: age, sex, race, and high-cost
comorbidities (coronary artery disease [CAD],
chronic obstructive pulmonary disease, dia-
betes, oncologic disorders, obesity, and smok-
ing). High-cost comorbidities represent the
presence of each condition within the 30 days
before indexing. After PSM, each cohort con-
sisted of 241 patients balanced across all
matching criteria (P¼.07 to >.99) (Table 1).
oi.org/10.1016/j.mayocpiqo.2022.01.002 169
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TABLE 2. Total Health Care Costs for Facility Use per Cohorta,b

Facility AD (n¼241) nAD (n¼241) Controlc (n¼241)

Total cost 6825 (4940-8711) 11,312 (8554-14,067)d,e 8102 (6108-10,096)

Inpatient 3441 (2029-4852) 5100 (3641-6559) 4185 (2759-5611)

Outpatient 2857 (2131-3582) 5146 (3309-6984)d,e 2651 (2184-3118)

Skilled nursing 328 (86-570) 629 (142-1116) 605 (102-1107)

Home health 200 (77-323)e 437 (128-745) 661 (399-923)

Total cost with DMEd,f 7940 (6055-9826) 11,712 (8954-14,470) 8102 (6108-10,096)

aAD ¼ patients with cardiovascular disease (CVD) and obstructive sleep apnea (OSA) who are adherent to continuous positive airway pressure (CPAP) therapy;
DME ¼ durable medical equipment; nAD ¼ patients with CVD and OSA who are not adherent to CPAP therapy.
bGroup data are presented in dollars as mean (95% CI). Because controls were not diagnosed as having OSA and did not receive CPAP treatment they have no DME costs.
cPatients with CVD but without OSA.
dP<.05 vs AD.
eP<.05 vs control.
fIncludes the cost of DME for CPAP therapy, estimated based on the adjusted annual cost of the CPAP machine and supplies, in addition to the cost of each of the 4 facility
settings.
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Outcome Variables
We examined the total cost of inpatient,
outpatient, skilled nursing, and home health
services in the 12 months after either CPAP
initiation (AD and nAD) or PSG/HSAT (con-
trol), similar to other cohort cost analyses of
Medicare populations.30-32 Annual CPAP costs
were estimated based on a typical patient’s
CPAP machine and supply needs and were
adjusted for inflation. Episode-of-care (EOC)
cost was calculated as the sum of all costs asso-
ciated with the previously mentioned health
careerelated services. Costs reported herein
represent Medicare reimbursement. In addi-
tion, the use of each service setting and the
length of stay (LOS) of inpatient services
were assessed.
Data Analysis
Data are presented as mean cost difference (D),
percentage use, or percentage use difference
(D) where appropriate. Demographic data
were compared between groups using a Pear-
son c2 or Fisher exact test. Kruskal-Wallis 1-
way analysis of variance was used to compare
cost outcomes, including EOC, LOS, and
health care service use across groups. Use out-
comes were also analyzed using Pearson c2

and Fisher exact tests when appropriate. In
addition, an outlier analysis (Zk test statistic)
was performed to evaluate the impact of aber-
rant EOC costs on cohort differences.30-32 All
statistical analyses were performed using a
Mayo Clin Proc Inn Qual Out n April 2022
statistical software program (SAS Enterprise
Guide, Version 7.1; SAS Institute Inc), with
significance set a priori at a<0.05.
RESULTS

Participants
Of the 38 million Medicare FFS patients, more
than 23 million had a history of atrial fibrilla-
tion, heart failure, stroke, and/or hypertension.
Of these patients, only 65,198 had a unique
PSG or HSAT from January 1, 2016, through
September 30, 2018. Patients diagnosed as
having OSA after PSG/HSAT (n¼55,125)
were then matched to Medicare’s 5% DME
database to identify CPAP device and supply
claims. Of the 1758 patients matched to the
DME database, 856 met all the criteria for se-
lection, of which 614 were AD and 242 were
nAD (Figure 1). In addition, 9739 of the
65,198 patients who underwent PSG or
HSAT met all the criteria for selection in the
control group (PSG/HSAT, no OSA diagnosis,
and no CPAP initiation). After implementation
of PSM, 241 patients remained per cohort
(Table 1). Almost one-third of patients were
aged 65 to 70 years, and one-fifth were
younger than 65 years, with nearly all being
White. Approximately 5% of patients per
cohort had CAD, with similar prevalence rates
of diabetes (6%) and obesity (5%). After PSM,
there were no statistically significant differ-
ences between groups.
;6(2):166-175 n https://doi.org/10.1016/j.mayocpiqo.2022.01.002
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Health Care Costs
The EOC costs per cohort and place of service
are shown in Table 2, with costs relative to
control participants illustrated in Figure 2.
On average, costs were $4487 lower in the
AD cohort relative to the nAD cohort
(P¼.01), with significantly similar costs as
controls (D$1277; P¼.36). The attenuated
costs observed in AD were largely attributable
to $2290 less outpatient expenses than nAD
(P¼.02). Although inpatient costs seemed
lower in AD relative to nAD (D$1659) and
controls (D$745), there were no between-
group differences (Kruskal-Wallace P¼.09).
Skilled nursing costs were statistically similar
across groups (Kruskal-Wallace P¼.73) but
tended to be lower in AD relative to nAD
(D$301) and controls (D$277). Home
healtherelated expenses were also lower in
AD relative to controls (D$461; P¼.01),
although, statistically, AD and nAD did not
differ (D$237; P¼.16). In addition, the esti-
mated 12-month cost of DME expenses, based
on typical costs associated with CPAP use, was
$715 greater among AD than nAD ($1115 vs
$400, respectively).
Use of Health Care Network
Table 3 reports patient use rates for each place
of service. No between-group differences were
observed for inpatient admissions (Kruskal-
Wallace P¼.16); however, AD tended to
report 27% lower use than nAD (P¼.07) and
14% lower use than controls (P¼.44). Average
LOS tended to be 13% and 32% lower in AD
compared with nAD and controls, respectively
(Kruskal-Wallace P¼.05). Skilled nursing fa-
cility use was similar between cohorts (Krus-
kal-Wallace P¼.73). However, outpatient
facility use was 4% less by AD and 11% less
by nAD relative to controls, with AD using
these facilities 7% more than nAD (P<.0001-
.01). Whereas use of home health services
was similar between AD and nAD (D21%,
P¼.59), controls used these services 53%
more often than AD (P¼.01) and tended to
use them more than nAD (D41%; P¼.08).
DISCUSSION
The present retrospective data suggest that in
patients with CVD and OSA, adherence to
CPAP treatment reduces annual health care
Mayo Clin Proc Inn Qual Out n April 2022;6(2):166-175 n https://d
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expenses by $4486 (Figure 2). In addition, after
estimating annual cost of CPAP machines and
supplies, the total EOC cost associated with
AD continued to be lower ($3771) than that
for nAD. Despite not achieving statistical
significance, inpatient costs ($1659) and use
(D27%) were lower in AD relative to nAD,
which likely contributed to the principal find-
ings in Figure 2. This suggests that the increase
in routine outpatient management of AD
resulted in better health management and fewer
experiences of serious health events, including
hospital admissions and lower outpatient ser-
vice costs compared with nAD. Importantly,
PSM ensured that the prevalence of high-cost
comorbidities (eg, CAD and diabetes) were
similar among AD, nAD, and controls, mini-
mizing the influence of aberrant health care
expenses. In sum, the present data indicate
that patients with OSA and CVD have signifi-
cantly reduced health careerelated expenses
when adherent to CPAP treatment.

In addition to establishing the cost-benefit
of CPAP adherence, the present study high-
lights the continuing underdiagnosis of OSA
in the United States,33 particularly in patients
with CVD. In the present study population,
23 million of the 38 million Medicare patients
(w61%) were diagnosed as having at least 1 of
4 cardiovascular conditions associated with
OSA.7 Despite this population being at high
risk for OSA, only 65,198 patients with CVD
received a PSG/HSAT (0.3%). This finding
suggests that patients may not be tested or
routinely assessed for OSA or OSA comorbid-
ities at routine care visits or are unable to pay
for or access sites to undergo PSG/HSAT or
that additional barriers to care exist.3 In
addition, of the patients who completed a
PSG/HSAT, 85% had an OSA diagnosis. The
high rate of OSA among patients with CVD
underscores the fact that with or without
screening, the prevalence of OSA is high
among patients with CVD, indicating the
need for OSA screening to become a regular
part of cardiovascular care pathways. Further-
more, the cost-savings associated with CPAP
adherence observed in the present study
echoes the critical need for timely OSA diag-
nosis and treatment adherence to reduce eco-
nomic costs and health care use.

Frequently, patients with OSA are diag-
nosed as having diseases such as hypertension8
oi.org/10.1016/j.mayocpiqo.2022.01.002 171
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FIGURE 2. Health care costs in patients with obstructive sleep apnea and cardiovascular disease who were adherent (AD) and
nonadherent (nAD) to continuous positive airway pressure treatment relative to patients with cardiovascular disease but not
obstructive sleep apnea (control group). *P<.05 vs AD. DME ¼ durable medical equipment; EOC ¼ episode of care.
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and type 2 diabetes mellitus.9 To this point, the
Medicare FFS database is uniquely equipped to
study OSA because more than 80% of patients
in this population have multiple chronic condi-
tions, with hypertension being the most com-
mon in both men and women.33 Along these
lines, Buttorff et al33 reported that visits to
the emergency department as well as inpatient
and outpatient settings parallel the number of
chronic conditions. Similarly, the amount of
prescription medication also follows this trend
where patients with 5 or more chronic condi-
tions fill twice as many prescriptions as those
with 3 co-diagnoses.33 It is, therefore, evident
that annual health care spending increases
dramatically as more chronic conditions are
diagnosed, underscoring the importance of
effectively treating conditions such as OSA,
which facilitates the manifestation of other pa-
thologies. Although studies observed that less
than 50% of patients prescribed CPAP are
Mayo Clin Proc Inn Qual Out n April 2022
adherent,18,23 when adherence is achieved, pa-
tients experience a reduction in blood pres-
sure16 and improved insulin sensitivity,34

which co-contribute to the significant cost-
savings illustrated in Figure 2. When these re-
sults are considered with the approximate
$150 billion strain OSA places on the health
care network,3 placing greater emphasis on
diagnosing patients as having OSA and
achieving CPAP adherence would significantly
reduce health careeassociated financial strain.

Although the data in Table 2 and Figure 2
are outside the scope of this study, they could
indicate that nonadherence to CPAP therapy in-
creases more costly outpatient services, or that
patients adherent to treatment used preventive
services to a greater extent. This notion is sup-
ported by work from Truong et al35 who found
that AD were more than 3.5 times more likely
to be readmitted to the hospital within 30 days
relative to nAD. Similarly, Hoffman et al36
;6(2):166-175 n https://doi.org/10.1016/j.mayocpiqo.2022.01.002
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TABLE 3. Health Care Facility Use per Cohorta,b

Facility AD (n¼241) nAD (n¼241) Controlc (n¼241)

Inpatient 19.9 27.4 23.2
LOS, mean (95% CI) 5.42 (3.56-7.27) 6.26 (4.89-7.63) 7.98 (5.52-10.44)

Outpatient 95.9 89.2d,e 100.0d

Skilled nursing NR 4.6 4.6

Home health 6.2e 7.9 13.3

aAD ¼ patients with cardiovascular disease (CVD) and obstructive sleep apnea (OSA) who are adherent to continuous positive airway
pressure (CPAP) therapy; LOS ¼ length of stay; nAD ¼ patients with CVD and OSA who are not adherent to CPAP therapy;
NR ¼ not reported (sample size not adequate [n<11] to be reported from the Medicare data set).
bGroup data are reported as the percentage of patients using these facilities per cohort except where noted otherwise.
cPatients with cardiovascular disease but without obstructive sleep apnea.
dP<.05 vs AD.
eP<.05 vs control.

CPAP ADHERENCE AND REDUCED HEALTH CARE COST IN OSA
reported that truck drivers who used their
CPAP device more than 4 hours per night
had a 33% reduction in health careerelated ex-
penses across 2 years compared with a non-
OSA control cohort. In addition, AD in their
study also missed fewer workdays, augmenting
the financial benefits of treatment adherence.
Collectively, the financial benefits of CPAP
adherence extend beyond reductions in health
careerelated expenses.

Furthermore, the present study’s findings
reaffirm that adherence to CPAP therapy effec-
tively generates cost-savings among Medicare
populations with cardiovascular conditions.36

A recent study found that approximately 36%
of Medicare beneficiaries were enrolled in com-
mercial insurer Medicare Advantage (MA)
plans, nearly 3 times as many as reported in
200537; thus, these findings provide meaning-
ful insight for payers and providers treating
the growing MA population. Although there
are many similarities between the Medicare
(FFS) and MA populations, the latter have
lower or comparable rates of chronic condi-
tions, including hypertension, diabetes, and
kidney disease, which increase health care costs
despite similar average annual costs. With the
number of MA enrollees expected to rise, and
the similarity of costs and chronic conditions
with Medicare FFS, commercial plans should
inform their MA coverage decisions with clin-
ical and economic findings of Medicare popula-
tions, especially when the plan has a significant
MA enrollee population.37,38

We recognize that aspects of this study limit
interpretation and generalizability of the data.
Mayo Clin Proc Inn Qual Out n April 2022;6(2):166-175 n https://d
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Principally, CPAP adherence was indirectly
assessed by tracking of DME files; although
recorded device use would have been more
robust, these data were not collected, making
retrospective comparisons impossible. Howev-
er, we confirmed the appropriateness of the
90-day adherence definition with a DME
vendor in consultation with the official Centers
for Medicare and Medicaid Services guide-
lines.13,29 Furthermore, the analyzed Medicare
FFS DME database represents approximately
5% of the Medicare population, limiting
population-scale generalizability; however,
studying a sample of this size is commonplace
in cost-analysis studies of Medicare
enrollees.30-32,39-42 Moreover, due to DME
data availability, a full 12 months of tracking
of post-CPAP initiation DME costs was not
available; therefore, a standardized cost esti-
mate of DME, based on previous research, was
used to evaluate the total EOC cost inclusive
of DME costs. In addition, patients whose
PSG/HSAT OSA diagnosis occurred in 2016
who received CPAP treatment were not
included in the final study population due to
DME data availability being limited to 2017
and 2018. Because this study’s control cohort
was defined by the lack of OSA diagnosis after
PSG/HSAT, patients with other sleep disorders
may have been included during analysis and
may have influenced the findings. In addition,
62% of patients included in the present study
had essential hypertension as their inclusion
CVD diagnosis; thus, the present conclusions
may consequently not represent the full breadth
of all cardiovascular pathologies. Nearly all
oi.org/10.1016/j.mayocpiqo.2022.01.002 173
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patients studied were White (Table 1), which
may have introduced bias into the data set
because racial minorities have less access to
the health care system.43,44 Nearly one-fifth of
patients were younger than 65 years (Table 1),
which may also have biased the data and limits
generalizability of these findings because Medi-
care patients younger than 65 years have more
cognitive/mental impairments and poorer
health status, increasing expenses compared
with those older than 65 years.45 Last, the pre-
sent study did not require continuous Medicare
coverage; however, Medicare coverage is rarely
disrupted. Nevertheless, the present data indi-
cate that patients with OSA and CVD who are
AD save more than $4480 relative to nAD
largely attributable to reduced outpatient ex-
penses (Figure 2).

CONCLUSION
The present retrospective cohort analysis
examined the impact of CPAP adherence on
health care expenses among patients with
OSA and CVD and found that AD with OSA
and CVD observed significant reductions in
annual health care expenses compared with
nAD. In addition, AD experienced significantly
fewer inpatient admissions with shorter LOS
and fewer outpatient treatments than nAD.

SUPPLEMENTAL ONLINE MATERIAL
Supplemental material can be found online at
http://www.mayoclinicproceedings.org. Sup-
plemental material attached to journal articles
has not been edited, and the authors take re-
sponsibility for the accuracy of all data.
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continuous positive airway pressure treatment; CAD, coro-
nary artery disease; CPAP, continuous positive airway
pressure; CVD, cardiovascular disease; DME, durable medical
equipment; EOC, episode of care; FFS, fee-for-service;
HSAT, in-home sleep apnea test; ICD-10, International Sta-
tistical Classification of Diseases, Tenth Revision; LOS, length of
stay; MA, Medicare Advantage; nAD, patients nonadherent
to continuous positive airway pressure treatment; OSA,
obstructive sleep apnea; PSG, polysomnography; PSM,
propensity score matching
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