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Abstract

Rationale: The co-occurrence of obstructive sleep apnea and
chronic obstructive pulmonary disease, termed overlap
syndrome, has a poor prognosis. However, data on positive
airway pressure (PAP) treatments and their impact on outcomes
and costs are lacking.

Objectives: This retrospective observational study investigated
the effects of PAP on health outcomes, resource usage, and costs
in patients with overlap syndrome.

Methods: Deidentified adjudicated claims data for patients with
overlap syndrome in the United States were linked to objectively
measured PAP user data. Patients were considered adherent to
PAP therapy if they met Centers for Medicare and Medicaid
Services criteria for eight 90-day timeframes from device setup
through 2-year follow-up. Propensity score matching was used to
create comparable groups of adherent and nonadherent patients.

Healthcare resource usage was based on the number of doctor
visits, all-cause emergency room visits, all-cause hospitalizations,
and PAP equipment and supplies, and proxy costs were obtained.

Measurements and Main Results: A total of 6,810 patients
were included (mean age, 60.8 yr; 56% female); 2,328 were
nonadherent. Compared with the year before therapy, there were
significant reductions in the number of emergency room visits,
hospitalizations, and severe acute exacerbations during 2 years of
PAP therapy in patients who were versus were not adherent (all
P, 0.001). This improvement in health status was paralleled by a
significant reduction in the associated healthcare costs.

Conclusions: PAP usage by patients with overlap syndrome was
associated with reduced all-cause hospitalizations and emergency
room visits, severe acute exacerbations, and healthcare costs.
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Obstructive sleep apnea (OSA) is a common
condition estimated to affect up to 1 billion
people worldwide (1). OSA has important
neurocognitive and cardiovascular sequelae,
which are at least partially ameliorated by
therapeutic interventions (2–4). Chronic
obstructive pulmonary disease (COPD) is
also common and increasing in prevalence
because of exposures including nonsmoking
risk factors such as air pollution (5–8).
Current therapeutic strategies for COPD are
limited, although bronchodilators provide
symptomatic relief (5, 9, 10) and may
prevent exacerbations when given together
with inhaled corticosteroids.

The co-occurrence of OSA and COPD
is referred to as overlap syndrome, which is
associated with a higher burden of

comorbidities than either condition alone
and a poor prognosis (11, 12). However, the
treatment of overlap syndrome has not been
well studied, and the need for additional data
has been emphasized (13).

There has been debate about whether
COPD is a risk factor for OSA because
existing data are largely from patients with
mild COPD (8), and some studies have not
found a higher rate of patients with sleep
apnea with versus without obstructive airway
disease (14, 15). In contrast, 67% of a group
of patients with moderate to severe COPD
referred for pulmonary rehabilitation were
found to have OSA on polysomnography in
one study (6).

Mechanisms underlying OSA in
patients with COPD have been studied,
showing similar pathogenesis in individuals
with or without COPD (16, 17). However,
these findings will likely vary depending on
the COPD phenotype (e.g., chronic
bronchitis vs. emphysema). Observational
study data indicate that survival rates in
untreated patients with overlap syndrome
are poor compared with those receiving
treatment or who have COPD alone (18, 19).
Treatment with continuous positive airway
pressure (CPAP) not only improved survival
but also decreased hospitalizations for COPD
exacerbations (18, 19). A post hoc analysis of
an outpatient database also showed that the
use of CPAP reduced mortality in patients
with overlap syndrome (20, 21).

We and others have retrospectively
analyzed big data or real-world data to
investigate patterns of positive airway
pressure (PAP) usage in various sleep-related
breathing disorders and geographic areas
(22–25). These data have provided important
insights, but many of these studies have
lacked data on important health outcomes.
Although patients with overlap syndrome
have been shown to have higher healthcare
usage and costs than those with COPD alone
(26–30), the economic burden of overlap
syndrome has not been evaluated with
respect to PAP therapy adherence.

This study investigated whether usage of
PAP therapy would be associated with
improved health outcomes and costs in
patients with overlap syndrome compared
with similar patients who were nonadherent
to PAP treatment on the basis of Centers for
Medicare andMedicaid Services (CMS)
compliance criteria over a 2-year time
period.

Methods

Study Design
This retrospective observational study used
deidentified payer-sourced (“closed”)
adjudicated claims data frommore than 100
geographically dispersed health plans in the
United States (Inovalon Insights, LLC) and
linked these to objective PAP user data from
AirView (ResMed). The databases were
linked through a tokenized process, and the
resulting matched database underwent a
Health Insurance Portability and
Accountability Act expert evaluation to
ensure Health Insurance Portability and
Accountability Act compliance. The study
design was reviewed by an institutional
review board (Advarra, reference number
Pro0004005) and deemed exempt from
institutional review board oversight.

Study Population
The study cohort included adults (aged> 18
yr) who had a new diagnosis of OSA between
January 2014 and April 2018. OSA
(International Classification of Diseases-10-
Clinical Modification G47.33) was diagnosed
within 60 days of a sleep test (Healthcare
Common Procedure Coding System 95808,
95810, 95811, and G0398-G0400). All
patients received PAP therapy using an
AirSense 10 PAP device (ResMed Corp) with
1 or more years of claims data before the first
sleep test and 2 years of claims data after
device setup. COPDwas identified by the
presence of at least two claim dates with a
diagnosis of COPD (J41–44) before PAP
device setup and at least two claims for
COPDmedications or at least one
hospitalization or two emergency room (ER)
visits related to COPD in the year before
device setup. Patients were excluded if the
year before PAP device setup included CPAP
resupply, a diagnosis of central sleep apnea
(G47.31 and G47.37), nocturnal
hypoventilation (G47.36), pregnancy
(O00.*-O9A.*), end-stage renal disease
(N18.6), or dialysis use (Z99.2).

Patient subgroups on the basis of PAP
adherence were defined by applying CMS
criteria to AirView data. CMS criteria define
a patient as adherent if there is PAP device
usage for>4 h/night on>70% of nights in a
30-day period within a 90-day timeframe. A
patient was considered to be adherent if they
met CMS criteria for eight consecutive
90-day timeframes from device setup. If

At a Glance Commentary

Scientific Knowledge on the
Subject: Overlap syndrome is
associated with a worse prognosis
and higher rates of healthcare usage
and costs than chronic obstructive
pulmonary disease alone. One small
study showed that treatment with
positive airway pressure (PAP) in
patients with overlap syndrome
reduced chronic obstructive
pulmonary disease–related
hospitalization rates, but there is a
lack of data on the impact of PAP
treatments on health outcomes and
costs in patients with
overlap syndrome.

What This Study Adds to the
Field: By linking a large claims
database with PAP usage provided
by remote monitoring, this study
showed that patients with overlap
syndrome who were adherent to
PAP therapy had significantly better
health outcomes as measured by
significantly lower healthcare
resource usage and costs than
matched patients who did not
adhere to PAP therapy. Calculated
numbers needed to treat to avoid
one healthcare encounter ranged
from 1.0 to 18.5, depending on the
type of healthcare system encounter.
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CMS criteria were met in none of the eight
consecutive 90-day timeframes, the patient
was considered to be nonadherent. Cases in
which criteria were met in some but not all
timeframes were considered intermediate
and excluded from analyses because of the
marked heterogeneity of PAP usage in this
group (the number of quarters in which
patients met CMS adherence criteria ranged
between one and seven).

Outcomes and Covariates
Healthcare resource usage was determined
on the basis of the number of doctor
(physician and hospital) visits, all-cause ER
visits, all-cause inpatient hospitalizations,
and PAP equipment and supplies (from
claims data). Proxy costs for all resource use
were provided by Inovalon Insights, LLC, on
the basis of their proprietary Proxy
Financials algorithm. This algorithm is based
on CMSMedicare prospective payment
system fee schedules. The approach enriches
the dataset with relative amounts that reflect
Medicare-allowed payments across provider
services and treatments. Adjustments to the
standard methodology are made to
accommodate relative charge comparisons
across patients on the basis of their
characteristics. Risk-adjusted models were
used to determine the impact of 2-year PAP
adherence on the number of all-cause
inpatient hospitalizations, all-cause ER visits,
and severe acute exacerbations. Severe acute
exacerbations included the number of
respiratory-related hospitalizations and
COPD-related ER visits adapted fromMapel
and colleagues (31).

The following covariates were identified
and used for risk-adjusted analyses and
patient matching: demographic factors (age,
payer, sex, and obesity); comorbidities in the
year before PAP setup (coronary artery
disease, heart failure, cerebrovascular disease,
anxiety, depression, psychotic mood
disorders, other mood disorders, type 2
diabetes, gastroesophageal reflux disease, and
hypertension); COPD complexity in the
prior year (low, moderate, and high, as a
proxy of disease severity on the basis of the
Mapel and colleagues algorithm [31]); and
prior year’s healthcare resource usage (any
usage of home oxygen, all-cause inpatient
hospitalization, respiratory inpatient
hospitalization, and all-cause ER visits).
Medication usage was evaluated in the 90
days before initiation of PAP therapy.

Statistical Analysis
Baseline characteristics are presented using
descriptive statistics. A model was created to
determine the expected mean number of
2-year all-cause hospitalizations, all-cause ER
visits, and severe acute exacerbations using a
generalized linear model. Model goodness of
fit was assessed by Log-likelihood R-squared
(LL-R2) and 90th percentile predicted range.
The number needed to treat (NNT) to avoid
an event (e.g., ER visit or hospitalization) was
calculated as 1/absolute risk reduction. This
was used to quantify the impact of adherence
to PAP therapy for the overall population
and by risk quartiles (four groups, each
reflecting approximately 25% of the study
population in increasing risk). NNT
represents the number of nonadherent
patients that would need to be adherent to
PAP therapy to avoid an ER visit,
hospitalization, or severe exacerbation.

A propensity score model (32) based on
the risk of not adhering was developed using
logistic regression and incorporating baseline
demographics, comorbidities, and prior
healthcare usage. A propensity score was
calculated on the basis of model coefficients
and used in matching. The receiver operating
characteristic area under the curve was
calculated to determine how well patient
characteristics were able to predict
adherence. Adherent and nonadherent
groups were precisely matched on the
following baseline characteristics: age group,
sex, payer type, prior all-cause
hospitalizations, and prior all-cause ER visits;
other parameters were matched using a
propensity score. Then, to ensure the
matched cohorts resembled the original
nonadherent cohort, adherent patients were
matched to a randomly downsampled
subgroup of nonadherent patients without
replacement. Differences in healthcare
resource usage before and after PAP setup
and between matched samples were assessed
using pairedWilcoxon tests. A sensitivity
analysis was conducted using the inverse
probability of treatment weighting. Statistical
analyses were performed using the R
statistical package (33, 34) and Python (35).

Results

Study Population
A total of 6,810 patients with overlap
syndrome were identified for analysis (mean
age, 59.8 yr, 56% female), 2,328 of whom
were classified as nonadherent. CMS 90-day

compliance rate for the population was
58.1%. Patients were evenly distributed
across payer types (Table 1). COPD
complexity was low in 27% of patients,
moderate in 55%, and high in 18%. Baseline
characteristics of the matched population
were well matched between the adherent and
nonadherent patient cohorts (Table 1). The
demographic and clinical characteristics of
the intermediate group were similar to those
of the adherent and nonadherent groups (see
Table E1 in the online supplement).
Medication use in the 90 days before starting
PAP therapy was similar in the adherent and
nonadherent matched cohorts (Table E2).

PAP Therapy Usage
PAP usage during the first year of therapy
was evaluated in the adherent and
nonadherent (unadjusted risk) populations.
Patients who adhered to PAP therapy used
the device almost every day of the week
(median, 6.9 d/wk) and consistently for 7
hours each day on the basis of both
median hours per day or hours per use-day
(6.9 and 7.2, respectively). In contrast,
nonadherent patients used their PAP
devices infrequently (median, 0.4 d/wk)
and for a short period of time on days
when the device was used (median, 0.2 h/d
and 2.8 h/use-day).

Risk-adjusted Outcomes
The “number of 2-year all-cause
hospitalization model” had a good fit, with an
LL-R2 of 92.5%. The 90th percentile predicted
range for the number of all-cause
hospitalizations was 0.15–2.07 (median, 0.39).
Being adherent to PAP significantly reduced
the number of all-cause hospitalizations
(P, 0.0001), resulting in the avoidance of
one hospitalization for every 1.8 adherent
patients on average (95% confidence interval
[CI], 1.6–2). The magnitude of benefit varied
by patient health state, from anNNT of 6.4 in
the lowest risk quartile to one hospitalization
avoided for every adherent patient in the
highest risk quartile.

The “2-year ERmodel” also fit well,
with an LL-R2 of 97.1%. The 90th percentile
range for the number of ER visits per patient
every 2 years was 0.91–9.19 (median, 1.80).
Being adherent to PAP was significantly
associated with a reduced number of ER
visits (P, 0.0001), avoiding an average of 2.2
ER visits per adherent patient (NNT=0.46;
95% CI, 0.44–0.49). As for hospitalizations,
this estimate varied on the basis of patient
health state, from one ER visit avoided for
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every two adherent patients for those in the
lowest risk quartile to three ER visits avoided
for every adherent patient in the highest risk
quartile.

The “number of 2-year severe acute
exacerbation model” fit well with an LL-R2 of
92.6%. The 90th percentile predicted range
for the number of severe acute exacerbations
was 0.05–1.06 (median, 0.21). Being adherent
to PAP was significantly associated with a
reduced number of severe acute
exacerbations (P, 0.0001), on average
avoiding one acute exacerbation for every 4.1
adherent patients (95% CI, 3.6–4.8). The
magnitude of benefit again varied by patient
health state, from an NNT of 18.5 in the
lowest risk quartile to 2.3 exacerbations
avoided for every adherent patient in the
highest risk quartile.

Figure 1 shows the predicted impact of
adherence on the number of all-cause
hospitalizations, all-cause ER visits, and
severe acute exacerbations. The prediction
models demonstrated a broad range of risk
for healthcare resource usage (risk score) in
patients with overlap syndrome for all three

models and across the risk range, with
adherent patients having a lower risk for
healthcare resource usage than nonadherent
patients. In addition to adherence, predictors
of healthcare resource usage include resource
usage in the prior year, having Medicaid
insurance coverage, a high comorbidity
burden, and COPD complexity (moderate
and high).

Lastly, the “risk of not adhering model”
fit well, with an LL-R2 of 96.7% (Figure E1),
and the receiver operating characteristic area
under the curve was 0.7198. The 90th
percentile range for risk of nonadherence
was 28–87% (median, 54%). Covariates
associated with a greater risk of not adhering
included age of less than 55 years, having
Medicaid insurance coverage, mood
disorders (of which psychotic disorders were
associated with the highest nonadherence
risk), and not using home oxygen.

Healthcare Resource Usage
and Costs
Table 2 provides a comparison of healthcare
resource usage for thematched adherent and

nonadherent patients for the year prior and
Year 1 and Year 2 after PAP therapy initiation.

There were significant differences
between adherent and nonadherent patients
in the number of ER visits and inpatient
hospitalizations in Year 1 and Year 2 of PAP
usage (Table 2 and Figure 2). Reductions in
healthcare resource usage in Year 1 continued
in Year 2. Significant differences were also
observed when comparing costs (total, ER,
and inpatient hospitalizations) between
adherent and nonadherent patients (Table 3).
Costs declined in Year 1 of PAP usage in
adherent patients and continued to decrease
in Year 2. Hospitalization costs in the
adherent patient group decreased over the
2-year period but increased in nonadherent
patients. Results from the inverse probability
of treatment weighting sensitivity analysis
were consistent, showing increased
hospitalizations, ER visits, and costs for
nonadherent patients (Tables E3–E5).

Sleep-related Costs
Sleep test costs in the year before PAP were
similar in adherent and nonadherent patients

Table 1. Patient Demographic and Clinical Characteristics at Baseline

Characteristics All (N=6,810)

Matched Cohort

Adherent (n=712) Nonadherent (n=712) SMD

Female, n (%) 3,792 (55.7) 415 (58.3) 415 (58.3) 0.00
Age, yr 59.8610.6 (59) 60.2610.5 (59) 59.9611.2 (59) 0.03
Age group, n (%)
18–54 yr 2,036 (29.9) 218 (30.6) 218 (30.6) 0.00
55–69 yr 3,512 (51.6) 357 (50.1) 357 (50.1) 0.00
>70 yr 1,262 (18.5) 137 (19.2) 137 (19.2) 0.00

Payer, n (%)
Commercial 2,253 (33.1) 168 (23.6) 168 (23.6) 0.00
Medicare Advantage 2,052 (30.1) 233 (32.7) 233 (32.7) 0.00
Medicaid 2,505 (36.8) 311 (43.7) 311 (43.7) 0.00

Obesity, n (%)
Morbidly obese 2,643 (38.8) 285 (40.0) 247 (34.7) 0.11
Obese 1,969 (28.9) 212 (29.8) 223 (31.3) 0.03
No listed obesity 2,198 (32.3) 6,313 (30.2) 6,340 (34.0) 0.08

Home oxygen use, n (%) 1,783 (26.2) 190 (26.7) 171 (24.0) 0.06
Tobacco use, n (%) 3,205 (47.1) 316 (44.4) 369 (51.8) 0.15
Comorbidities, n (%)
Coronary artery disease 2,487 (36.5) 261 (36.7) 275 (38.6) 0.04
Heart failure 1,918 (28.2) 204 (28.7) 219 (30.8) 0.05
Cerebrovascular disease 842 (12.4) 86 (12.1) 88 (12.4) 0.01
Asthma 3,207 (47.1) 339 (47.6) 336 (47.2) 0.01
Pneumonia 1,536 (22.6) 196 (27.5) 160 (22.5) 0.12
Depression 1,718 (25.2) 198 (27.8) 177 (24.9) 0.07
Anxiety 651 (9.6) 59 (8.3) 62 (8.7) 0.02
Psychotic disorders 775 (11.4) 57 (8.0) 98 (13.8) 0.19
Other mood disorders 468 (6.9) 45 (6.3) 53 (7.4) 0.04
Type 2 diabetes 3,073 (45.1) 327 (45.9) 344 (48.3) 0.05
Hypertension 5,643 (82.9) 594 (83.4) 591 (83.0) 0.01
Gastroesophageal reflux disease 3,248 (47.7) 329 (46.2) 328 (46.1) 0.00

Definition of abbreviation: SMD=standardized mean difference.
Values are mean6SD (median) or the number of patients (%).
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(Table 4). Adherent patients had higher PAP
equipment costs than nonadherent patients
during both years of therapy, reflecting the
use of supplies and PAP device rental fees.
Sleep-related healthcare costs (in U.S.
dollars) in the adherent patient group
($3,1086 $1,218) were more than offset by
reductions in healthcare costs over 2 years
($6,239).

Discussion

The findings of this retrospective study
demonstrated an important reduction in the
risk of ER visits and hospitalizations in

patients with overlap syndrome who were
adherent versus nonadherent with PAP
therapy. This improvement in health status
was paralleled by a reduction in healthcare
costs. On the basis of the absolute risk
reductions observed, the calculated NNT
values were favorable, providing evidence
that treatment of overlap syndrome with
PAP therapy is beneficial when adherence to
therapy is maintained. These findings add to
currently available evidence (18, 20) andmay
have a potential impact on COPD
management.

Singh and colleagues studied a Medicare
COPD population with coexisting OSA and
reported similar rates of comorbidities (e.g.,

hypertension, type 2 diabetes, and heart
failure) and distribution of COPD
complexity (a claims-based proxy for disease
severity) to our study (36). Similarly, the
distribution of COPD complexity in the
current study is consistent with theMedicare
COPD and overlap syndrome populations in
the study by Starr and colleagues (37). In
contrast, Mapel and colleagues studied a
population with only COPDwho had similar
age and sex distribution to our study
population but a lower proportion of patients
with moderate or high COPD complexity
and lower comorbidity rates (31, 38, 39).

To our knowledge, the current study
represents the largest to date evaluating the
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Figure 1. Impact of positive airway pressure therapy adherence on the number of (A) all-cause hospitalizations, (B) all-cause ER visits, and (C)
severe exacerbations. Green and yellow solid lines represent values predicted by the risk model. Blue vertical bars represent the number of
patients in each risk group. Diamonds represent the actual mean values from the observed data, with error bars representing the 90%
confidence intervals. ER = emergency room.

ORIGINAL ARTICLE

Sterling, P�epin, Linde-Zwirble, et al.: PAP Adherence and Outcomes in Overlap Syndrome 201



impact of PAP therapy on overlap
syndrome. Overlap syndrome was first
described in the 1980s, and it was
suggested that these individuals were at
high risk, although therapeutic studies were
lacking at the time (11, 40). Subsequently, a
number of studies have assessed the impact
of PAP therapy on COPD, but many either
overlooked or excluded potential
concomitant sleep apnea (41). K€ohnlein
and colleagues (42) published a randomized
trial showing a mortality benefit in patients
with hypercapnic COPD treated with
bilevel PAP therapy compared with usual
care. However, sleep studies were not
systematically conducted in that study, and
therefore, the potential benefits of treating
COPD versus treating overlap syndrome
versus treating hypercapnic respiratory
failure remained unclear. Murphy and
colleagues found that treatment with bilevel
PAP was effective in preventing
exacerbations in patients with COPD (43).
However, again, sleep was not systematically
assessed, and thus, the benefits of treating
overlap syndrome versus COPD are unclear.
Our findings confirm the benefits seen in
studies by Marin and colleagues (18) and
Stanchina and colleagues (20), both of which
reported a reduction in mortality associated
with PAP treatment for patients with
overlap syndrome, and extend the findings
to other important outcomes, including
hospitalization and ER visits in a nationally
representative population. We are not aware
of any randomized trials to date that have
investigated therapy for overlap syndrome.
Thus, additional observational studies may
be required before more definitive data are
available. Moreover, we hope our new

findings help in the design of subsequent
rigorous research studies.

The economic impact of overlap
syndrome has been previously investigated,
primarily comparing costs in patients with
overlap syndrome with those with either
COPD alone or COPDwith other
comorbidities. In a cohort of commercially
insured patients from the United States,
patients with overlap syndrome had
significantly higher rates of hospitalization
and ER visits and greater medical
expenditure (inpatient, ER, pharmacy,
physician, and other outpatient services)
than those with COPD alone (30, 44).
Similarly, the presence of comorbid OSA had
associations with higher all-cause
hospitalizations, COPD-related
hospitalizations, and all-cause healthcare
costs in a population from a U.S. national
health plan with commercially insured and
Medicare Advantage plans (30). The greatest
impact of comorbid OSA was seen on
COPD-related healthcare costs (30).
Furthermore, data fromGermany showed
that sleep apnea significantly contributed to
total direct costs in patients with COPD,
including the cost of hospitalizations (45).

Although these studies clarify the
additional economic burden on the
healthcare system associated with overlap
syndrome, they do not address the value of
treating these patients with PAP therapy. To
our knowledge, there is only one previous
study looking at the impact of initiating PAP
therapy in an overlap syndrome population.
Using a 5% sample of Medicare fee-for-
service beneficiaries with COPD, Singh and
colleagues identified 319 patients with
comorbid OSA (36). They found that

COPD-related hospitalization rates were
lower after PAP initiation (identified by
Healthcare Common Procedure Coding
System codes), but other ER visits and all-
cause hospitalization rates did not differ in
users versus nonusers of PAP therapy
(although the sample size limits the ability to
draw definitive conclusions) (36).

Reducing COPD exacerbations is an
important treatment target. The current
study identified a substantial effect of PAP
therapy on health outcomes in patients with
overlap syndrome, including reducing the
rate of severe acute exacerbations. Triple
pharmacologic therapy with long-acting
muscarinic antagonists and b agonists plus
inhaled corticosteroids has been shown to
reduce the number of COPD exacerbations
by around 25% (46). In addition,
noninvasive ventilation therapy has been
shown to improve health status in patients
with COPD (47).

Key strengths of this study include the
sample size and the fact that the findings
should have quite good generalizability to the
wider overlap syndrome population because
of the diversity and geographic distribution
of the real-world population. Furthermore,
objective measures of PAP adherence were
used, and these are applicable to routine
clinical practice. However, a number of
limitations need to be taken into account
when interpreting the findings. First, the data
are observational and, therefore, must be
considered correlational rather than causal.
There are potentially missing covariates from
the dataset, such as smoking, alcohol, and
other lifestyle factors (e.g., nutrition, physical
activity, and sleep duration). However, we
conducted a cautious propensity score

Table 2. Resource Usage in Unmatched and Matched Cohorts

Resource Usage (Mean
Number per Patient)

Unmatched Matched

Adherent
(n= 1,744)

Nonadherent
(n=2,328)

Adherent
(n=712)

Nonadherent
(n=712) P Value

Year before PAP
Doctor visits 14.02 18.48 15.80 17.65 0.01
Emergency room visits 1.27 2.46 1.75 1.89 0.59
Inpatient hospitalizations 0.43 0.54 0.51 0.50 0.67

PAP Year 1
Doctor visits 14.46 18.04 16.71 17.37 0.33
Emergency room visits 0.94 2.21 1.25 1.83 ,0.001
Inpatient hospitalization 0.22 0.49 0.24 0.46 ,0.001

PAP Year 2
Doctor visits 13.37 16.36 15.43 15.71 0.37
Emergency room visits 0.86 2.09 1.16 1.70 ,0.001
Inpatient hospitalizations 0.18 0.50 0.21 0.42 ,0.001

Definition of abbreviation: PAP=positive airway pressure.
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matching to try and improve the reliability of
our findings (48). Nevertheless, large-scale
randomized trials would be helpful in
extending the findings of this study.

Second, although we had access to a
U.S. nationally representative matched
dataset with a large number of
commercially insured patients with
Medicaid and Medicare Advantage, the
claims dataset did not contain patients with
Medicare fee-for-service and therefore had
limited generalizability to this patient
population. In addition, the sample
included slightly more females than males,
which may be driven by the use of a data
source with a large proportion of Medicaid
recipients, many of whom are female.
Although analysis of the demographic

makeup of the claims dataset revealed
similarities to the U.S. population reported
by the U.S. Census Bureau, there remains
the possibility of unknown biases based on
the health plans that contribute to the
database. We, therefore, support further
efforts to enrich datasets with patients who
fully represent the broad diversity of the
populations of interest. Moreover, we
would welcome efforts to identify subsets
of patients with overlap syndrome who
may be particularly amenable to
interventions.

Third, the outcomemeasures studied
were limited by the available claims data and
thus may not reflect the overall health of
participants. For example, we do not have
laboratory data or patient-reported

outcomes, which may be motivating factors
for many patients. However, data on
clinically relevant hard clinical outcomes are
reported, which we believe will complement
subsequent studies with additional outcome
assessments.

Fourth, our study used a conservative
definition of adherence on the basis of
attaining CMS compliance in all eight
quarters over a 2-year period using objective
PAP therapy usage data to compare a treated
cohort with an untreated cohort. Thus, our
findings may not apply to patients with
sporadic PAP usage. Further research is
needed to understand the dose–response
relationship between PAP usage and
outcomes to better account for patients who
fall between our definitions of adherent and
nonadherent, as well as to assess the
influence of hospitalizations on subsequent
adherence.

Finally, the reliance on comparisons
between adherent and nonadherent patients,
and therefore the current findings, may be
subject to the healthy user effect. That is,
adherence to PAP therapy may be indicative
of better education, socioeconomic status,
health literacy, or other social determinants
of health. Of note, propensity matching was
performed to ensure that the groups
compared were similar in terms of age, sex,
comorbidities, insurance coverage, and other
factors, but the possibility of some residual
confounding cannot be excluded. Thus,
randomized trials are an important next step
(although the healthy user effect can still be
observed in the context of randomized
trials).

Conclusions
This real-world data study showed that PAP
usage by patients with overlap syndrome was
associated with reduced all-cause
hospitalizations, all-cause ER visits, severe
acute exacerbations, and healthcare costs.
This finding has important implications for
clinical screening of patients with COPD for
overlap syndrome, prescription of PAP, and
ensuring patients remain adherent to PAP
therapy.�
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Figure 2. Mean number of (A) ER visits and (B) hospitalizations in different patient cohorts. Error
bars represent 90% confidence intervals. Blue, orange, and gray vertical bars represent the
mean number of healthcare resource usage per patient in the cohort. ER=emergency room;
PAP=positive airway pressure.
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