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Long-Term Health Outcomes in Obstructive Sleep
Apnea: A Systematic Review of Comparative Studies
Evaluating Positive Airway Pressure and the Validity
of Breathing Measures as Surrogate Outcomes

Structured Abstract

Background. Obstructive sleep apnea (OSA) is a disorder characterized by periods of airflow
cessation (apnea) or reduced airflow (hypopnea) during sleep. The diagnosis and severity of
OSA, and response to therapy, have historically been assessed using the apnea-hypopnea index
(AHI). However, several definitions of this measure exist, and the utility of the AHI and
associated measures as valid surrogate measures of health outcomes has been questioned. OSA is
commonly treated with the use of continuous positive airway pressure (CPAP) devices during
sleep. The efficacy of CPAP, including for Food and Drug Administration (FDA)
clearance/approval, has been based on changes in AHI, but the long-term effect of CPAP on
health outcomes and the role of disease severity (as measured by AHI) or sleepiness symptoms
on the putative effect of CPAP are unclear.

Methods. We searched Medline, Embase, the Cochrane databases, CINAHL, and
ClinicalTrials.gov from January 2010 through March 22, 2021; we screened reference lists of the
2011 Agency for Healthcare Research and Quality (AHRQ) OSA report and other systematic
reviews for earlier studies. We included only randomized controlled trials (RCT) and
nonrandomized comparative studies (NRCS) of CPAP that adjusted for potential confounders for
CPAP evaluation. We also included other comparative studies that reported both changes in
potential intermediate or surrogate measures (e.g., AHI) and effects on health outcomes. All
studies had to report effects on prespecified long-term (12 months for most outcomes) health
outcomes in adults with OSA. We did not evaluate sleepiness, other symptoms, or intermediate
outcomes. We excluded observational studies that did not directly compare treatment options.

Results. The 52 identified studies used highly inconsistent criteria to define breathing measures
(apneas, hypopneas, and oxygen desaturation). Definitions of respiratory disturbance events
(e.g., apneas, hypopneas) and criteria to define or categorize severity of OSA are highly
inconsistent across studies, despite frequent claims of using standard national or international
definitions. Possible differences in study findings based on heterogeneity of OSA and sleep study
measures could not be elucidated. Among 31 studies that directly compared CPAP and no CPAP
(29 studies) or sham CPAP (2 studies), 14 were RCTs (12 intention-to-treat [ITT]) and 17 were
NRCSs (11 analyses of CPAP users versus nonusers).

With one exception, RCTs did not find statistically significant effects for any cardiovascular
(CV) outcome. RCTs did not provide evidence that CPAP affects the risk of all-cause mortality
(summary effect size [ES] 0.89, 95% confidence interval [CI] 0.66 to 1.21), CV mortality
(summary ES 0.99, 95% CI 0.64 to 1.53), stroke (summary ES 0.99, 95% CI 0.73 to 1.35),
myocardial infarction (summary ES 1.05, 95% CI 0.78 to 1.41), or composite CV outcomes (ES
range 0.42 to 1.10 across studies, all statistically nonsignificant); all with low strength of
evidence (SoE). The three RCTs that aimed to be powered for composite CV events failed to



show a significant or clinically meaningful effect. The NRCSs, overall, found significant
adjusted associations between CPAP use and all-cause mortality. Combining the RCTs and
NRCSs, the summary ES for all-cause mortality was ES 0.61 (95% CI 0.49 to 0.76), supporting a
low SoE of an association between CPAP use and lower risk of death. Data from the NRCSs did
not change other conclusions. Both RCTs and NRCSs provide insufficient evidence regarding
the effect of CPAP on the risk of transient ischemic attack, angina, coronary artery
revascularization, congestive heart failure, and atrial fibrillation.

RCTs also did not provide evidence that CPAP affects the risk of driving accidents or the risk of
incident diabetes (both low SoE), or that CPAP results in clinically significant changes in
depression or anxiety scores, executive cognitive function measures, or nonspecific quality of
life measures (all low SoE). RCTs provide insufficient evidence regarding the effect of CPAP on
incident hypertension, functional status measures, male or female sexual function, or days of
work missed. Data from the NRCSs did not change these conclusions.

Eligible studies provided insufficient evidence regarding possible differences in the effect of
CPAP based on patient characteristics (such as disease severity or comorbidities), different
diagnostic criteria, or whether RCTs were analyzed as ITT or “as-treated”.

Eligible studies provided insufficient evidence about adverse events due to CPAP use. Many
studies did not collect such data. Adverse events reported in the U.S. Food and Drug
Administration (FDA) database mostly related to inadequate humidification, user errors, or
device malfunction. No deaths were attributed to CPAP use.

Review of the FDA database found 163 CPAP devices used to treat adults with sleep apnea. The
large majority of FDA 510(k) Premarket Notification records cite other previously approved
CPAP devices to support claims of equivalence. The available data did not reference clinical
studies to support the device manufacturers’ claims.

Review of the National Institutes of Health’s RePORTER revealed no germane funded trials.
Review of ClinicalTrials.gov revealed a single large RCT with a mortality endpoint, but no
updating of the site since 2015 and five additional small trials (2 addressing events in patients
with paroxysmal atrial fibrillation or hypertensive pulmonary edema; 3 measuring AHI,
cognition, or kidney function).

RCTs comparing CPAP and mandibular advancement devices found no differences in depression
or anxiety symptoms (low SoE). There was insufficient evidence for other outcomes. RCTs
comparing fixed and autoCPAP found no differences in functional status; other long-term
outcomes were not reported. No eligible studies evaluated comparisons of other types of CPAP.

No studies have evaluated the validity of changes in intermediate or surrogate measures (such as
change in AHI during a clinical trial) as predictors of long-term health outcomes. No studies
reported surrogacy or mediation analyses, nor did any compare the concordance of changes in
different sleep study and symptom measures with health outcomes. Across the 15 studies that
reported both changes in intermediate or surrogate measures and effects on long-term health
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outcomes, data were too sparse to allow adequate cross-study evaluation of concordance between
change in any specific measure and health outcome or sleep questionnaires.

Conclusions. Studies are highly inconsistent as to how they define breathing measures during
sleep studies and OSA itself. Insufficient evidence exists to assess the validity of change in AHI
as a surrogate or intermediate measure for long-term health outcomes. Until such validation has
been conducted, it cannot be assumed that changes (e.g., improvements) in intermediate or
surrogate outcomes are correlated with long-term health outcomes.

RCTs do not provide evidence that CPAP prescription affects long-term, clinically important
outcomes. Specifically, with low SoE, RCTs do not demonstrate that CPAP affects all-cause
mortality, various CV outcomes, clinically important changes in psychosocial measures, or other
clinical events. NRCSs reported associations between CPAP use and reduced risk of all-cause
death. NRCS results did not differ from RCTs for other outcomes. We have limited confidence
that the summary estimates are close to any true effect.

Comparative studies did not adequately address whether the effect of CPAP varies based on
disease severity (e.g., as assessed by AHI), symptoms (e.g., as assessed by sleepiness scales),
other patient characteristics, different features or modes or CPAP, or different criteria or
definitions of sleep measures or OSA diagnosis.

Additional well-conducted comparative studies are needed to better assess the potential effects of
CPAP on long-term outcomes for patients with OSA, whether any particular group of patients
may benefit to a greater or lesser degree from CPAP treatment, and whether of changes in AHI
(and/or other breathing measures) are valid intermediate or surrogate measures of health
outcomes. Associations identified in comparative studies could serve as the basis for more
rigorous trials.
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Evidence Summary

Main Points

e Contextual information

o Numerous measures from sleep studies are used in clinical practice and research settings to
characterize abnormal breathing during sleep and to diagnose and grade sleep apnea. These
include apnea-hypopnea index (AHI), oxygen desaturation index (ODI), respiratory
disturbance index (RDI), respiratory effort related arousals (RERA), and others.
Collectively, and individually, these measures do not adequately describe breathing
disturbances during sleep. They also do not correlate well with signs and symptoms of
obstructive sleep apnea (OSA). Definitions of the measures have evolved over time.

o Various questionnaires are used to screen for OSA, most commonly the STOP and STOP-
BANG. The Epworth Sleepiness Scale (ESS) is the most common tool to measure the
severity of subjective sleepiness. The partially validated Functional Outcomes Sleep
Questionnaire (FOSQ) is an OSA-specific functional status tool that is commonly used,
particularly in research settings, to assess the health status of people diagnosed with OSA.

o Continuous positive airway pressure (CPAP) is commonly considered the first-line
treatment for OSA. Other treatments employed include positional therapy, weight loss,
behavioral modifications, oral appliances (e.g., mandibular advancement devices), and, for
selected patients, orofacial surgery. Newer treatments include nasal expiratory positive
airway pressure (EPAP) devices, oral pressure therapy, and implantable hypoglossal nerve
stimulation devices.

o The U.S. Food and Drug Administration (FDA) database includes 163 CPAP
devices used to treat adults with sleep apnea. The large majority of FDA 510(k)
Premarket Notification records cite other previously approved CPAP devices to
support claims of equivalence. Almost all devices ultimately refer back to four
CPAP devices. Notably, though, the available data did not reference clinical
studies or unpublished data submitted to FDA that may have supported the device
manufacturers’ claims.

o CPAP devices include numerous variable features. These mostly relate to tunable
breathing settings, automation, humidity control, monitoring and documentation of use,
communication, connectivity and software solutions, and sundry accessories.

o CPAP treatment has short- and long-term therapeutic goals. The primary short-term goals
of CPAP therapy include alleviating symptoms of fatigue and somnolence; improving
activities of daily living, health-related quality of life (QoL), and cognitive function;
resolving snoring; and reducing the risk of work or motor vehicle accidents. The primary
long-term goals of CPAP include reducing the risks of a range of chronic disease
outcomes and premature death. Long-term OSA has been associated with cardio- and
cerebrovascular disease, hypertension, impaired cognitive function (and Alzheimer
disease), type 2 diabetes, anxiety and depression symptoms, and impaired sexual function
in both men and women. Under the assumption that CPAP will prevent or alleviate the
clinical sequelae of OSA, CPAP has been used as an intervention for these conditions.

e Definitions of breathing measures used across studies

o Studies are highly inconsistent in the criteria used to define sleep study measures (apnea,

hypopnea, oxygen desaturation, and respiratory effort), to define OSA, and to categorize
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severity of OSA (e.g., based on an AHI threshold). This was the case even among studies
stating that definitions are based on the same standard criteria.

o Most studies (60%) did not fully and explicitly report the definitions of sleep study
measures used.

o Definitions of respiratory disturbance events (e.g., apneas, hypopneas) and criteria to define
or categorize severity of OSA are highly inconsistent across studies, despite frequent claims
of using standard national or international definitions. However, possible differences in
study findings based on heterogeneity of OSA and sleep study measures could not be
elucidated. Across studies, the effect of CPAP on health outcomes tended to be statistically
similar, precluding attempts to explain differences, and studies did not compare effects of
CPAP using different sleep measure definitions or criteria.

Effect of CPAP versus no CPAP on long-term health outcomes

o Comparative studies (randomized controlled trials [RCTs] and adjusted nonrandomized
comparative studies [NRCSs]) provide, at best, low strength of evidence (SoE) on the
effect of CPAP on long-term health outcomes. We did not evaluate sleepiness, other
symptoms, or other important outcomes, such as intermediate outcomes (including blood
pressure and glucose). We did not evaluate other study designs, including comparisons
between patients with OSA who use CPAP and healthy controls or pre-post studies.

o 31 studies (14 RCTs and 17 NRCSs) compared CPAP with no CPAP, of which 12 RCTs
primarily reported intention-to-treat (ITT) analyses, 6 NRCSs provided “as-prescribed”
analyses (of all patients prescribed vs. not prescribed CPAP), and 13 (2 RCTs and 11
NRCSs) provided analyses of CPAP adherent patients versus nonadherent or nonusers .
Two RCTs used sham CPAP as the comparator.

o Few comparative studies were explicitly powered for long-term health outcomes: 3 RCTs
were designed to be powered for composite cardiovascular (CV) outcomes (SAVE,
RICCADSA, ISAACC); however, RICCADSA was ultimately underpowered. One RCT
(APPLES) was powered for neurocognitive outcomes. No eligible study was explicitly
powered for any other outcome. Patients enrolled in RCTs had variable, but generally poor
adherence; where reported, 35 to 64 percent of patients used their devices for at least 4
hours per night (on at least 70% of nights). The NRCSs that reported “as-prescribed”
analyses mostly did not have data related to CPAP adherence. The NRCSs that reported
analyses of CPAP users versus nonusers mostly compared adherent users (>4 hours/night)
to those who used their devices less.

o Five RCTs did not provide evidence that CPAP reduces the risk of all-cause death (low
SoE). As with similar conclusions below, this conclusion does not imply that CPAP has
been proven to be ineffective to reduce all-cause death. Rather they are insufficient to
provide a definitive conclusion. The RCTs included patients with moderate or severe OSA
(AHI >15) who were mostly at increased risk of CV death, but without excessive daytime
sleepiness. The RCTs were at moderate risk of bias. The studies had relatively short
duration of followup (2 to about 5 years) and provided a nonsignificant summary estimate
(effect size [ES] 0.89, 95% CI 0.66 to 1.21).

e Inclusion of 6 adjusted NRCSs (with between 3 and 11 years of followup) provide
some evidence that CPAP might be associated with decreased risk of all-cause
mortality in longer-term followup among all adults with moderate to severe OSA,
with or without sleepiness symptoms. The overall summary ES (combining RCTs and
NRCSs) was 0.61 (95% CI 0.49 to 0.76). We have limited confidence in this
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conclusion (low SoE) and additional evidence is needed for a more definitive
conclusion.

e Both within RCTs and across RCTs and NRCSs, ITT analyses (of RCTs) or “as-
prescribed” analyses (of patients prescribed CPAP in NRCSs) yielded similar
summary ESs as analyses of adherent versus nonusers.

e Comparative studies (RCTs and NRCSs) provide insufficient evidence to support
whether effect sizes may differ in different subgroups of patients, including by
severity of OSA (as assessed by AHI or similar measures), severity of symptoms (e.g.,
as measured by ESS), age, other risk factors or comorbidities.

o Four RCTs do not provide evidence that CPAP reduces the risk of CV mortality (low SoE).
The addition of one NRCS does not change the conclusion; the overall summary ES was
imprecise (0.79, 95% CI 0.50 to 1.26; low SoE).

o Five RCTs do not provide evidence that CPAP affects the risk of stroke (summary ES 0.99,
95% C10.73 to 1.35; low SoE) or of acute myocardial infarction (summary ES 1.05, 95%
CI10.78 to 1.41; low SoE). Both summary ESs are imprecise. One NRCS did not alter the
conclusion regarding stroke.

o Four RCTs do not provide evidence that CPAP affects the risk of atrial fibrillation. The
summary ES was imprecise (0.94, 95% CI 0.58 to 1.51; low SoE).

o Seven RCTs do not provide evidence that CPAP affects the risk of various composite CV
outcomes. Effect sizes were mostly imprecise and ranged from 0.42 to 1.10 across studies,
all statistically nonsignificant (low SoE). Six of the RCTs were evaluated as ITT analyses of
all users, in which adherence ranged from 35 to 64 percent. Additional evidence from five
adjusted NRCSs did not change this conclusion. The range of ESs among the NRCSs was
similar to that of the RCTs (0.38 to 0.88; 2 of which were statistically significant). The
NRCS:s all evaluated adherent CPAP users.

o There is insufficient evidence regarding the effect of CPAP on other CV outcomes,
including transient ischemic attacks, angina-related outcomes, coronary artery
revascularization, or congestive heart failure outcomes. For each outcome, there were few
studies and/or effect estimates were highly imprecise.

o Three RCTs do not provide evidence that CPAP affects the risk of incident type 2 diabetes;
the summary ES was imprecise (1.02, 95% CI 0.69 to 1.51; low SoE). An additional
adjusted NRCS, though statistically significant, does not alter the conclusion (overall
summary ES 0.88, 95% CI 0.57 to 1.35).

o Comparative studies do not provide evidence that CPAP results in clinically meaningful
changes in depression symptoms (4 RCTs), anxiety symptoms (4 RCTs), executive
cognitive function (4 RCTs and 1 NRCS), or QoL (10 RCTs and 1 NRCS); although the
small differences were statistically significant (all low SoE).

o There is insufficient evidence regarding the effect of CPAP on other outcomes, including
hypertension, functional status, sexual function, and days of work missed. For each
outcome, there were sparse studies, effect estimates were highly imprecise, and/or studies
reported highly inconsistent results. We did not evaluate sleepiness or intermediate
outcomes.

e Comparative studies do not provide evidence regarding whether CPAP use is more (or
less) effective in any specific subgroup. For all health outcomes, studies provide
insufficient evidence to suggest whether the effect of CPAP on all-cause mortality varies
by baseline AHI, age, body weight, or pulmonary function. Within and across studies,

ES-3



associations did not clearly or consistently differ based on diagnostic criteria for OSA,
definitions of AHI and other sleep study measures, or whether analyses were based on
CPAP prescription (e.g., ITT analyses) or CPAP adherence.

Effect of CPAP versus other active treatments on long-term health outcomes

o Two RCTs provide low SoE that changes in depression and anxiety symptoms do not
significantly differ between patients receiving either CPAP or mandibular advancement
device (MAD).

o Two RCTs evaluated QoL and two other RCTs evaluated functional status. The RCTs
provide low SoE that changes in QoL and functional status do not significantly differ
between patients receiving either CPAP or MAD.

o The comparative effects on sexual function are insufficient; other long-term health
outcomes have not been reported.

o Three RCTs provide low SoE that changes in functional status scores do not significantly
differ between patients prescribed either fixed CPAP or auto-adjusting CPAP. Other long-
term health outcomes have not been reported.

Adverse events related to CPAP

o Eligible comparative studies (RCTs and adjusted NRCSs) that reported long-term outcomes
provided insufficient evidence regarding adverse events. Many studies did not report
adverse event data.

o Adverse events reported in the FDA database related to oral and dental health, respiratory
system, otolaryngology, odors, allergies and rashes, burns, eye health, aspiration,
aerophagia, and miscellaneous other adverse events. Postulated reasons for adverse events
mostly related to inadequate humidification, user errors, or device malfunction. No deaths
were attributed to CPAP device use.

Heterogeneity of treatment effect

o Eligible studies rarely evaluated potential differences in effect across subgroups of
participants. Both within and across studies, there is insufficient evidence to evaluate any
potential heterogeneity of putative treatment effects.

Validity of changes in breathing or sleepiness measures as intermediate or surrogate

measures for long-term outcomes

o No study directly evaluated the validity of changes in breathing or sleepiness measures as
intermediate or surrogate measures for long-term health outcomes. No study explicitly
evaluated surrogacy or mediation analyses of the measures.

o Studies did not evaluate whether changes in different breathing or sleepiness measures
correlated with long-term health outcomes.

o Too few studies reported on any given pair of change in breathing or sleepiness measures
and long-term health outcomes to allow adequate cross-study evaluation of concordance.

Research gaps

o Additional well-conducted and analyzed long-term comparative studies are needed to
evaluate the effect of CPAP on health outcomes. There has been reluctance to conduct
rigorous, adequately-powered, long-term RCTs because CPAP is effective at improving
some breathing measures (e.g., AHI), which have been perceived, but not shown, to be
intermediate markers of clinical outcomes; CPAP improves some symptoms (e.g., snoring);
and associations with health benefits in NRCSs and single group studies have been reported
after CPAP treatment. However, clinical equipoise regarding long-term health benefits of
CPAP remains. State-of-the-art causally explicit analyses of observational data may provide
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some insights, but RCTs will likely be required to provide definitive data on many of the
outstanding questions on OSA management and CPAP effectiveness.

o Studies should be powered to evaluate potential differential effects of CPAP based on such
factors as baseline AHI (or other validated surrogate metrics), patient symptoms, and other
patient characteristics. All studies need to be sufficiently well-reported to allow readers to
fully understand patient eligibility (e.g., how OSA was defined, how sleep and breathing
measures were measured, and what thresholds and other criteria were applied to each
measure). Individual participant-level meta-analysis of existing studies could generate
hypotheses to be tested in subsequent rigorous trials.

o In a search of the National Institutes of Health’s RePORTER, we found no studies that
would have been eligible for this review. In ClinicalTrials.gov, we found 6 potentially
eligible RCT protocols. The record for the largest listed trial, a mortality study in cardiac
patients who had just undergone cardiac bypass surgery or percutaneous coronary
procedures, has not been updated since 2015. In 2 of the 5 small studies (<200 patients), the
cardiac endpoints were very selective: paroxysmal atrial fibrillation or acute hypertensive
pulmonary edema. In the remaining 3, the endpoints assessed were AHI, cognition via the
Montreal Cognitive Assessment, or estimated glomerular filtration. Review of published
manuscripts will determine the utility of any of these studies.

o Studies are needed to assess the validity of AHI, other breathing measures, and sleepiness
scores as intermediate or surrogate measures for long-term health outcomes. Ideally, studies
should assess and compare multiple putative intermediate or surrogate measures. Existing
studies or databases may have sufficient data to allow exploratory analyses that can
subsequently be further evaluated in rigorous trials.

Background and Purpose

Sleep apnea is a common disorder that affects people of all ages. It is characterized by
periods of airflow cessation (apnea) or reduced airflow (hypopnea) during sleep. OSA is the
most common type of sleep apnea. In OSA, the volume of airflow is diminished despite
appropriate ventilatory effort. It differs from central sleep apnea, in which there is a reduced
drive to breathe, reduced ventilatory capacity, or abnormal ventilatory pattern. Sleep apnea is
primarily diagnosed with sleep tests that measure sleep time (and often other sleep measures),
respiratory events, and respiratory effort. The diagnosis and severity of OSA are typically
assessed with the AHI, a measure of the sum of the numbers of apneas and hypopneas per hour
of sleep. AHI is often used as part of both diagnosis (and, thus, study inclusion criteria) and as an
intermediate or surrogate measure for health outcomes in studies. However, variations in
definitions of apneas, hypopneas, and OSA may result in variations across studies, in which
patients are included, and in how treatments are provided. This may hinder the interpretation of
the studies.

The most common first-line therapy for OSA is the use of CPAP devices during sleep. The
CPAP device directly relieves the obstruction by delivering compressed air (under pressure) to
the oropharynx, thereby keeping the airway open.

The Centers for Medicare & Medicaid Services (CMS) nominated the topic to the Agency for
Healthcare Research and Quality (AHRQ) in order to evaluate the evidence on improvement of
long-term clinical health outcomes with CPAP treatment, as well as the validity of criteria used
as surrogate outcomes (e.g., AHI). Per CMS’s General Methodological Principles of Study
Design, “CMS places greater emphasis on health outcomes actually experienced by patients,
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such as quality of life, functional status, duration of disability, morbidity and mortality, and less
emphasis on outcomes that patients do not directly experience, such as intermediate outcomes,
surrogate outcomes, and laboratory or radiographic responses.”!

This report aims to inform sleep medicine clinicians, sleep technologists, other care
providers, sleep apnea researchers, policymakers, and other decision makers about: the
definitions of breathing measures used in research and clinical practice; the validity of changes in
sleep study and sleepiness measures; and the effect of various treatment modalities on long-term
health outcomes based RCTs and adjusted NRCSs (with an emphasis on CPAP). The review
provides information to address various background Contextual Questions on diagnostic
measures, treatment modalities, and CPAP specifically. It also describes the variability across
comparative research studies (both RCTs and adjusted NRCSs) in definitions of breathing
measures (e.g., apneas, hypopneas) and criteria to diagnose OSA.

Methods

We employed methods consistent with those outlined in the Agency for Healthcare Research
and Quality Evidence-based Practice Center Program Methods Guidance
(https://effectivehealthcare.ahrg.gov/topics/cer-methods-guide/overview). Our searches covered
studies published through March 22, 2021.

To address the comparative effectiveness of OSA treatments, we conducted a focused
systematic review restricted to RCTs and NRCSs adjusted for potential confounders in
propensity score analyses or via regression. We included only studies with long-term health
outcomes (>12 months) or measures of QoL, cognitive function, or mental health (>6 months).
We did not include comparisons between patients with OSA who use CPAP and healthy
controls, or other indirect comparisons of CPAP versus no CPAP. We did not evaluate
sleepiness, other symptoms, or intermediate outcomes (such as AHI, blood pressure, or glucose).
To evaluate the validity of surrogate and intermediate measures, we also included other
comparative studies with relevant data. Our conclusions are restricted to the findings from the
eligible studies.

Results

Definitions of breathing measures: Across 52 eligible studies, reporting and choice of
criteria to define sleep study breathing measures and OSA were highly inconsistent. The majority
of studies did not explicitly report full criteria or definitions. For example, only 40 percent of
studies fully explicitly reported apnea and hypopnea definitions. Examples of inconsistent
definitions include apnea defined as between 75 and 100 percent airflow cessation, and hypopnea
defined as between 25 and 50 percent decreased airflow. Most studies citing published criteria to
define sleep study measures (26/32) cited some version of the American Academy of Sleep
Medicine (AASM) criteria. However, there was no discernable consistency in choice of a
threshold and citation of a specific AASM version. Of interest was whether the different
definitions of sleep measures used had an impact on study findings regarding clinical effect of
CPAP. However, as described below, there were no discernable differences across studies, so we
could not assess the impact of the variable definitions.

1 Centers for Medicare & Medicaid Services. Appendix A: General Methodological Principles of Study Design.
https://www.cms.gov/Medicare/Coverage/DeterminationProcess/downloads/id101.pdf.
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CPAP versus no CPAP: We found 14 RCTs (total n = 7,449) and 17 NRCSs with
adjustment for potential confounding (n = 34,462; 25,389 in one study that reported only on all-
cause mortality, 9,073 in other NRCSs) that reported long-term health outcomes comparing
CPAP and no CPAP in participants with OSA. Most RCTs were of moderate risk of bias (RoB)
primarily related to lack of patient and clinician blinding; outcome assessors were usually
blinded. Several RCTs were at high RoB due to such issues as high dropout or crossover rates.
All NRCSs included multivariable adjustments for potential confounders between groups (CPAP
vs. no CPAP) and outcomes; three NRCSs used propensity score matching. The adjusted NRCSs
were mostly at high RoB due to concerns about poor descriptions of patient eligibility and/or
CPAP treatment, possible selective outcome reporting, and/or comparisons of CPAP use (as
opposed to prescription). Among the 14 RCTs, 12 reported ITT analyses. Among the 17 NRCSs,
11 evaluated adherent CPAP users, which may not have been able to fully account for possible
biases related to self-selection regarding CPAP use and adherence. However, the ITT analyses
generally had to contend with poor adherence (35% to 64%).

Five RCTs did not yield a statistically significant summary effect size for CPAP on all-cause
mortality (ES 0.89, 95% CI 0.66 to 1.21). Six NRCSs reporting on all-cause mortality had
generally stronger association effect sizes, which were mostly statistically significant. The event
rates (percent who died) in the NRCSs tended to be higher than in the RCTs, particularly among
two studies of older adults and one study with particularly long-term followup (11 years). The
higher event rates in the NRCSs, and their generally larger sample sizes, increased the likelihood
of finding statistically significant effect sizes. Combining the RCTs and NRCSs yielded a
statistically significant effect size favoring CPAP (summary ES 0.61, 95% CI 0.49 to 0.96). One
RCT (SAVE) found a stronger, but still statistically nonsignificant effect in their adherent CPAP
user analysis compared with the ITT analysis. This RCT also found no association between
degree of CPAP adherence and CV outcomes. A second RCT (ISAACC) found near-identical
effects in their adherent CPAP user and ITT analyses. Across studies, the summary effect size of
ITT-analyzed RCTs and “as-prescribed” analyzed NRCSs (ES 0.66, 95% CI 0.53 to 0.81) was
very similar to the summary effect size of “as-treated” RCT and adherent NRCS analyses (P =
0.41).

Four RCTs yielded an imprecise estimate of the effect of CPAP on CV mortality (0.99, 95%
CI10.64 to 1.53). When combined with a single propensity-score adjusted NRCS, the estimate
shifted, but was similarly imprecise (0.79, 95% CI 0.50 to 1.26). Five RCTs provided an
imprecise estimate of effect of CPAP on risk of stroke (odds ratio [OR] 0.99, 95% CI 0.73 to
1.35). Five RCTs yielded an imprecise estimate of the effect of CPAP on risk of myocardial
infarction (OR 1.05, 95% CI1 0.78 to 1.41).

Seven RCTs and five NRCSs reported on multiple unique, but overlapping, composite CV
outcomes. The RCTs provided mostly imprecise estimates of effect (with effect sizes ranging
from 0.18 to 1.10), but the NRCSs found strong associations (not causality) between CPAP use
and reduced risk of (variable) composite CV outcomes (with approximate effect sizes ranging
from 0.37 to 0.83). Adherence in the ITT RCTs ranged from 35 to 64 percent. Across studies, the
summary effect sizes of RCT ITT analyses (or “as-prescribed” NRCS analyses) and “as-treated”
or adherent analyses were not significantly different, although studies that reported both analyses
all found nominally stronger effect sizes among adherent CPAP users. The one RCT that
reported a within-study analysis reported no association between degree of CPAP adherence and
CV outcomes.

Two RCTs reported imprecise effects of CPAP on traffic or home accidents. Three RCTs
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found no significant difference in risk of incident diabetes; the addition of an adjusted NRCS
does not alter the conclusion. For each analysis, four studies found small, but clinically
nonsignificant improvements with CPAP in depression and anxiety symptom scores, and in
measures of executive cognitive function. Ten studies also found small, clinically nonsignificant
differences in various measures of QoL and functional status. However, the measures have
mostly not been validated in adults with OSA and the QoL measures might not qualify as health-
related QoL measures. The evidence for other outcomes was sparse, imprecise, and/or
inconsistent, including that for transient ischemic attack, angina, coronary artery
revascularization, congestive heart failure, atrial fibrillation, incident hypertension, sexual
function, and days of work missed.

Subgroup and cross-study comparisons did not elucidate potential modifiers of effect of
CPAP. Eligible studies did not evaluate whether different CPAP features or settings had an
impact on outcomes. No study reported within-study correlations among outcomes (e.g., effect
on AHI and effect on all-cause mortality). For most outcomes, effect sizes were somewhat
stronger in CPAP adherent analyses than in intention-to-treat analyses (of all who were
prescribed CPAP), but almost universally the differences between analyses were not statistically
significant (both within and across studies), and the differences were generally small. No
definitive explanation was provided for the lack of difference between analyses with and without
nonadherent CPAP users.

CPAP versus other active treatments: Long-term health outcomes comparing CPAP with
other active treatments were sparse. Two RCTs found imprecise estimates of differences in
depression and anxiety symptom scores among those using CPAP or MAD. Four studies found
no differences in effects on QoL or functional status. One RCT, found an imprecise estimate of
differences in sexual function between CPAP and MAD. Three RCTs found no significant
differences in QoL or functional status between patients using autoCPAP or fixed CPAP
suggesting low SoE of no difference in effect.

Intermediate and surrogate measures: No study directly evaluated the validity of changes
in AHIL, ESS, or other breathing or sleepiness measures as predictors of long-term health
outcomes. Also, no study explicitly reported analyses of endpoint surrogacy or mediation. We
did not assess the validity of single measurements of breathing or sleepiness measures (e.g.,
measured pretreatment) as predictors of outcomes or treatment effect. None of the health
outcomes (e.g., stroke) was reported by a sufficient number of studies that also reported change
in breathing or sleepiness measures to allow cross-study evaluation of concordance. In the
relatively few instances where correlations could be analyzed across studies, statistically
nonsignificant correlations were seen between changes in AHI and changes in Short Form (SF)-
36 scores and functional status scores; between changes in ODI and changes in functional status
scores; and between changes in ESS and depression and anxiety symptom scores, SF-36 scores,
and functional status scores. No assessment could be made regarding the relative strength of
correlations of AHI versus ESS with health outcomes.

Adverse events: Eligible studies provided insufficient evidence about adverse events due to
CPAP use. Many studies did not collect such data. Adverse events reported in the FDA database
mostly related to inadequate humidification, user errors, or device malfunction. No deaths were
attributed to CPAP use.

Limitations
Our conclusions about the effect of CPAP on health outcomes are restricted to the findings
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about specific outcomes from the eligible studies; namely, studies conducting direct comparisons
between intervention options (RCTs and adjusted NRCSs only, including analyses of adherent
and nonadherent CPAP users) that reported long-term clinical events and certain test scores
(such as QoL). We did not evaluate sleepiness, other symptoms, or intermediate outcomes
(including AHI, blood pressure, or glucose).

An inherent limitation of the literature is the great variability in, and the often poor
descriptions of, how breathing and sleep measures were defined and, thus, exactly how OSA was
diagnosed (or the decision to treat with CPAP was made). The lack of clarity about which
patients were enrolled in the studies limits our ability to accurately determine which particular
patients the studies are most applicable to. Trials provided, at best, low SoE regarding the effect
of CPAP on long-term clinically important outcomes. SoE was downgraded primarily due to
issues related to study risk of bias and imprecise effect estimates. Few RCTs were powered for
health outcomes of interest, including only three powered for composite CV outcomes (one of
which ended up being underpowered) and one for neurocognitive outcomes. Subgroup analyses
to determine which patients may most (or least) benefit from CPAP were rare and inconclusive.
Studies rarely reported analyses evaluating association of adherence with CPAP use and long-
term health outcomes. Despite our restriction to multivariable-adjusted NRCSs, NRCSs may be
subject to inherent biases related to selection of CPAP or no CPAP (and with adherence). The
validity of evaluated QoL, cognitive function, and sexual function measures is unclear for adults
with OSA, and the reported QoL measures may not qualify as health related. Lack of blinding
may bias findings to favor CPAP for outcomes other than clinical events. Inferences on the
validity of breathing or sleepiness measures as surrogate or intermediate endpoints are limited by
the fact that none of the clinical event outcomes (e.g., stroke) was reported by a sufficient
number of studies that also reported a change in breathing measure, which would allow for cross-
study evaluation of concordance.

Implications and Conclusions

Studies are highly inconsistent in how they define breathing measures during sleep studies
and OSA itself. It is, thus, difficult to interpret the specific eligibility criteria across studies in
terms of severity of OSA (as determined by AHI and similar measures). There is insufficient
evidence to determine how study results may vary based on the different breathing measures and
OSA criteria. Studies have not directly evaluated the validity of changes in breathing or
sleepiness measures (e.g., AHI or subjective sleepiness as measured by ESS) as intermediate or
surrogate measures of long-term health outcomes. Analysis of study-level correlations between
changes in potential intermediate or surrogate measures and health outcomes were based on too
few studies to allow conclusions. Thus, there is not adequate evidence to support the contention
that changes in AHI or ESS scores translate to improvements in long-term health outcomes.

RCTs of long-term outcomes do not provide evidence that CPAP use affects the risk of all-
cause mortality, stroke, myocardial infarction, composite CV outcomes, driving accidents, and
incident diabetes (all with low SoE). These conclusions do not imply that CPAP has been proven
to be ineffective to reduce these health outcomes. The conclusions were in large part based on
imprecise, nonsignificant effect sizes. RCTs also do not provide evidence that CPAP yields
clinically meaningful changes in depression and anxiety symptoms, cognitive function, or QoL
(all with low SoE). It is unclear whether the failure to find an effect of CPAP treatment on long-
term health outcomes is related to a lack of power, insufficient followup duration, or due to an
actual lack of effect of CPAP. Notably, only two of the eligible RCTs were adequately powered
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for a composite cardiovascular outcome, and none were powered for other cardiovascular or
mortality outcomes.

Adjusted NRCSs were generally concordant with the RCTs in terms of the direction of
associations with long-term health outcomes. In the case of all-cause mortality, while the RCTs
did not find a significant effect, the eligible NRCSs found stronger, statistically significant
associations between CPAP use and lower mortality. Thus, the comparative studies overall
(RCTs and NRCSs together) may suggest that CPAP use is associated with reduced risk of all-
cause mortality. This conclusion is based on only low SoE, which suggests that we have limited
confidence in this conclusion and that additional evidence is needed for a more definitive
conclusion. Based on the patients who were included in the eligible studies, this conclusion may
be most applicable to older adults and may pertain most to longer-term followup. NRCS
evidence did not change conclusions about other outcomes.

RCTs and adjusted NRCSs that provide direct comparisons between CPAP use and nonuse in
patients with OSA provide unclear conclusions about the effect of CPAP on most long-term
health outcomes. Studies largely provide insufficient evidence from sparse studies and/or yield
highly imprecise estimates. It is unclear whether the lack of significant differences between
adherent user and intention-to-treat analyses is due to a lack of power to indicate a difference in
effect or a possible real lack of difference. Notably, the within-study comparisons were all post
hoc analyses and the between-study comparisons should be considered only hypothesis-
generating. If there is, in fact, no difference in effect between adherent and nonadherent CPAP
users, this may suggest that either any benefit seen with CPAP use is actually not due to CPAP
itself, but to some other behavior or action by CPAP users (for example, increased
communication with the sleep clinic) or that even the “low dose” of CPAP achieved by
nonadherent users is effective. However, such explanations are just conjecture and would need to
be explored critically. There is also concern that many of the NRCSs, particularly those that
conducted analyses of adherent participants, may be subject to inherent, incompletely adjusted-
for, biases related to self-selection of who chooses (or is chosen for) use of CPAP, who is
adherent with using the device, and different reasons for poor adherence (including both
remediable reasons, such as behavioral choices, and reasons that are possibly not remediable,
such as inability to achieve adequate fit). There is a large degree of inconsistency across studies
in how breathing and sleep measures, and thus OSA, are defined. It is, therefore, difficult to
interpret the specific eligibility criteria across studies in terms of severity of OSA (as determined
by AHI and similar measures). No studies have analyzed whether change in AHI, ESS, or other
sleep and breathing measures are valid intermediate or surrogate measures for long-term health
outcomes.

Additional direct comparative studies are needed before we have a clear understanding of the
potential effects of CPAP on long-term outcomes for patients with OSA. Based on RCTs and
adjusted NRCSs, there is inadequate evidence to support whether any particular group of patients
may benefit to a greater or lesser degree from CPAP treatment to reduce adverse health
outcomes.

Two small RCTs provide low SoE that any changes in depression and anxiety symptoms are
not affected by the choice of CPAP versus MAD. Four small RCTs provide low SoE that
measures of QoL and functional status are not affected by the choice of CPAP versus MAD.
Three small RCTs provide low SoE that a measure of functional status is not affected by the
choice of autoCPAP versus fixed CPAP.
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For the various outcomes in studies comparing CPAP to placebo or to an active control, the
low SoE suggests that we have limited confidence that the summary estimates (and their
confidence intervals) are close to the true effect. Additional evidence is needed before
concluding that the findings are stable or correct. It would not be unexpected for future evidence
to alter these conclusions.

The focus of our review should not be interpreted to imply that we consider other evidence
(e.g., comparisons between treated OSA and health controls, pre-post studies), short-term
studies, or other outcomes (including sleepiness, other symptoms, and intermediate outcomes) to
be unimportant for patients and clinicians.
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Introduction

Background

Sleep apnea is a common disorder that affects people of all ages. It is characterized by
periods of airflow cessation (apnea) or reduced airflow (hypopnea) during sleep. Sleep apnea
may be caused by mechanical obstruction of the airways, resulting in disturbed airflow patterns,
by a central loss of respiratory drive, or by a combination of the two (mixed). The first of these,
obstructive sleep apnea-hypopnea syndrome, which is more commonly called obstructive sleep
apnea (OSA), is the most common type of sleep apnea.

Definition and Severity of Obstructive Sleep Apnea

Sleep apnea is primarily diagnosed with sleep tests that measure respiratory events during
sleep with sleep determined by electroencephalography or surrogate measures such as
actigraphy. OSA is distinguished from central sleep apnea by the presence of respiratory effort
during episodes of apnea and hypopnea (in central sleep apnea, respiratory effort is lacking). In
OSA, the volume of airflow is diminished despite appropriate ventilatory effort. It differs from
central sleep apnea, in which there is a reduced drive to breathe, reduced ventilatory capacity, or
abnormal ventilatory pattern.

The severity of OSA is typically quantified by the apnea-hypopnea index (AHI), the sum of
the number of apneas and hypopneas per hour of sleep measured during a sleep study. AHI is
often used as part of both diagnosis (and, thus, study inclusion criteria) and as an intermediate or
surrogate measure for health outcomes in studies. Other commonly used sleep study measures
include oxygen desaturation index (ODI), respiratory disturbance index (RDI), and respiratory
effort related arousals (RERA). The American Academy of Sleep Medicine (AASM) publishes
scoring manuals for AHI and other physiological events to characterize OSA. In the United
States, AASM is the predominant accrediting institution for sleep laboratories. AASM first
published guidance on scoring in 1999 (known as the “Chicago” Criteria).? They have amended
their definitions of breathing events, sleep time, and how these are measured multiple times, with
their first scoring manual in 20073 and a major revision in 2012.* Minor revisions have been
made almost annually since (the current version is v2.6,” released in 2020). Notably, while the
AASM has, at times, used an evidence-based approach (i.e., making recommendations based on
systematically reviewed evidence) to guide their selection and revision of criteria, the majority of
their recommendations (i.e., scoring rules) are based on the consensus of the panel members
because of insufficient evidence to support specific criteria.” Further complicating the definition
of OSA (and evaluations of severity), studies commonly use other criteria, and the application of
specific definitions vary even within specific scoring manuals. Examples include whether 90 or
100 percent cessation of airflow is required to define apnea and whether a 3 or 4 percentage
point drop in oxygen saturation and/or a 30 or 50 percent reduction in airflow is required to
define hypopnea. In addition, RERA from sleep may be allowed as an alternative to desaturation
to define a hypopnea. When RERAs are measured instead of desaturation, one measures the RDI
in contrast to the AHI.

The variations in definitions of OSA result in subtle variations across studies in which
patients are included. Notably, unusual for medical disease diagnostic criteria, diagnosis of OSA
in part depends on presence (or absence) of comorbidities. The International Classification of
Sleep Disorders (ICSD) has, since 2005, defined OSA as either 1) >15 predominantly obstructive



respiratory events (apneas, hypopneas, or RERAs) per hour in asymptomatic, otherwise healthy
individuals, or 2) >5 predominantly obstructive respiratory events per hour in individuals with
symptoms (e.g., nonrestorative sleep, waking with gasping, reported breathing interruptions) or
certain comorbidities (i.e., hypertension, a mood disorder, cognitive dysfunction, coronary artery
disease, stroke, congestive heart failure, atrial fibrillation or type 2 diabetes mellitus).%’
Furthermore, these criteria do not distinguish patients with OSA based on symptomatology. For
example, despite clear differences in OSA characteristics among groups, people 1) with frequent
respiratory disturbances who do not have symptoms of OSA, such as daytime sleepiness, 2) who
have symptoms of OSA, such as daytime sleepiness, but have relatively less frequent respiratory
disturbances, and 3) who have the comorbidities listed above but have relatively less frequent
respiratory disturbances are all diagnosed and treated as if they have equivalent conditions.

Treatment of Obstructive Sleep Apnea

The most common first-line therapy for OSA is prescription of continuous positive airway
pressure (CPAP) devices, or variants of CPAP, including auto-adjusting autoCPAP and bilevel
devices (BPAP), for use during sleep. The CPAP device directly relieves the obstruction by
counteracting airway narrowing through the delivery of compressed air (under pressure) to the
oropharynx, thereby splinting the airway (keeping it open with increased air pressure).
Conceptually, the effectiveness of CPAP use may vary depending on a host of factors, including
differences in diagnostic criteria (which will affect which patients are treated), differences in
scoring AHI and other sleep study measures (which will affect which patients are treated, how
the severity of disease is assessed, and the degree to which treatment is deemed to be working),
comorbidities (which may affect both who is treated and the likelihood that treatment will benefit
the patient), and other factors.

As of 2008, the Centers for Medicare and Medicaid Services (CMS) covers an initial
12-week trial of “CPAP in adult patients with OSA if either of the following criteria is met: (1)
AHI or RDI >15, or (2) AHI or RDI >5 and <14 with documented symptoms of excessive
daytime sleepiness, impaired cognition, mood disorders or insomnia, or documented
hypertension, ischemic heart disease, or history of stroke.”® CMS subsequently covers CPAP for
those whose OSA improved as a result of CPAP during this 12-week period. Of note, in contrast
with how apneas and hypopneas are defined in at least some studies, CMS requires that “Apnea
is defined as a [100%] cessation of airflow...[and h]ypopnea is defined as an abnormal
respiratory event... with at least a 30% reduction in ...airflow... with at least a 4% oxygen
desaturation.” The 2001 CMS Coverage Decision Memorandum for CPAP, which had
substantively the same criteria as current CMS policy, noted that their criteria were derived from
the inclusion criteria of studies of CPAP devices and that there was not any direct evidence to
support the use of the criteria.’

Non-CPAP treatments that are prescribed in clinical practice for OSA include dental and
mandibular devices to improve oral airway obstruction, along with a range of surgical
treatments, including implanted structural supports to reduce obstruction. Other nonsurgical
interventions used to treat OSA include devices to alter sleep position (positional therapy),
physical therapy to improve oropharyngeal muscle tone, complementary and alternative
medicine techniques, pharmacological agents (including ventilatory stimulants or rapid eye
movement sleep suppressants), and nerve stimulation. In addition, clinicians routinely attempt to
treat potential underlying causes of OSA, particularly obesity, with recommendations for weight
loss (including bariatric surgery) and exercise. For selected patients, various surgical



interventions are used with the goal of altering the anatomy of the air passages to alleviate
postulated obstructive mechanisms. The nonspecific interventions (e.g., weight loss) and
specialized interventions (e.g., surgery) are not a focus of this review.

Apnea-Hypopnea Index as a Surrogate or Intermediate Outcome

While AHI and related measures are used in clinical practice to diagnose patients with OSA
and evaluate its severity, they are essentially laboratory measures. From the patient’s
perspective, health outcomes caused by OSA are more important. Health outcomes of concern
include cardiovascular (CV) events, health-related quality of life (QoL), changes in cognitive
function, and symptoms. OSA commonly results in daytime sleepiness, which can have
important sequelae, such as motor vehicle accidents, reduced productivity, and mental health
consequences. Because AHI is commonly used to evaluate the mechanical effectiveness of
CPAP and because CPAP (when used properly) immediately affects AHI, AHI is the most
commonly reported outcome. Clinical health outcomes are more rarely reported.'® ! As
described in the 2011 Agency for Healthcare Research and Quality (AHRQ) Comparative
Effectiveness Review on OSA conducted by the same authors as this review,!! studies have
demonstrated that CPAP improves AHI, as defined in those studies, other surrogate and
intermediate measures of OSA severity, and measures of sleepiness. Nevertheless, questions
remain about the effectiveness of CPAP to reduce or improve long-term health outcomes (e.g.,
CV events, stroke, mortality).

A large randomized trial of long-term CPAP use (Sleep Apnea cardioVascular Endpoints
[SAVE])) in people with coronary or cerebrovascular disease was recently published.'?"'* Despite
improvements in AHI, as defined in the study, it found no improvement of CV, kidney, and
weight outcomes. Since CPAP effectively lowers AHI in clinical practice and across studies, the
SAVE trial raises questions about whether change in AHI is a valid intermediate or surrogate
outcome for these patient-centered health outcomes, as well as whether, and in whom, CPAP
may be a clinically effective treatment modality.

Purpose of the Review

This report aims to inform sleep medicine clinicians, sleep technologists, other care
providers, sleep apnea researchers, policymakers, and other decision makers about: the
definitions of breathing measures used in research and clinical practice; the validity of changes in
sleep study and sleepiness measures; the effect of various treatment modalities on long-term
health outcomes based RCTs and adjusted NRCSs (with an emphasis on CPAP); and reports of
adverse events due to CPAP use. The review also provides information to address various
background Contextual Questions on diagnostic measures, treatment modalities, and CPAP
specifically, including a summary of the Food and Drug Administration (FDA) 510(k) Premarket
Notification records for CPAP devices. It also describes the variability across comparative
research studies (both RCTs and adjusted NRCSs) in definitions of breathing measures (e.g.,
apneas, hypopneas) and criteria to diagnose OSA.



Methods

Review Approach

The Brown Evidence-based Practice Center conducted this systematic review (SR) based on
the Agency for Healthcare Research and Quality (AHRQ) Methods Guide for Effectiveness and
Comparative Effectiveness Reviews (available at https://effectivehealthcare.ahrq.gov/topics/cer-
methods-guide/overview).!> This SR also reports in accordance with the Preferred Items for
Reporting in Systematic Reviews and Meta-Analyses (PRISMA),'® A Measurement Tool to
Assess Systematic Reviews (AMSTAR 2),!7 and any relevant extension statements.

A more detailed version of the SR methodology used can be found in Appendix A. Other
appendixes include a list of rejected studies (Appendix B), summary descriptions of the included
studies (Appendix C), and results details (Appendix D).

The topic of this report and preliminary Key and Contextual Questions (KQ and CQ) arose
through a process involving the nominator (CMS) and AHRQ staff. The protocol was uploaded
to the AHRQ’s Effective Health Care (EHC) Program website and to the Federal Register for
public comment from July 14 to August 14, 2020. The final protocol was posted on the EHC
Website at https:// www.ahrg.gov/research/findings/ta/index.html on June 16, 2020. On July 17,
2020, PROSPERO published the protocol with registration number CRD42020192725.

Contextual Questions

CQ 1: What measures related to apneas and hypopneas (e.g., apnea
indices, hypopnea indices, and apnea-hypopnea indices with various
measurements) or other measures (e.g., time spent with oxygen saturation
below 90% or other cutoffs, electrophysiologic signal analysis metrics such
as time and frequency domain analyses of heart beats) are used in
contemporary research and clinical settings? How have standard
definitions of these measures changed over time and what is the
explanation for such changes?

CQ 2: What are commonly used sleep questionnaires and how have they
been validated?

CQ 3: What treatment modalities for obstructive sleep apnea (OSA) are
currently being marketed in the U.S.? What OSA treatments (experimental
or approved) are currently being investigated in ongoing trials for patients
as an alternative to continuous positive airway pressure (CPAP) devices?

CQ 4: What are the variable features of marketed CPAP devices?

CQ 5: What are the patient-centered health outcome goals and symptom
relief goals of CPAP devices?
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Key Questions

KQ 1: What is the efficacy, effectiveness, comparative effectiveness, and
harms of CPAP devices to improve long-term health outcomes?

KQ 1a: How are respiratory disturbance events (apnea, hypopnea,
arousal) defined in each study? What are the diagnostic criteria for
OSA (or criteria to treat with CPAP) in each study? How do the
diagnostic criteria relate to time of the AASM criteria? Do treatment
effects of CPAP differ by the specific diagnostic criteria used within or
across studies?

KQ 1b: What is the within-study concordance in CPAP trials among
apnea and hypopnea indices (e.g., apnea-hypopnea index [AHI],
apnea index), sleep questionnaires (e.g., Epworth Sleepiness Scale
[ESS]), and long-term health outcomes?*

KQ 1c: Do the health effects or harms of specific CPAP devices differ
by patient subgroups, duration of followup, or particular CPAP
features?

KQ 1d: Summarize the methodological issues in the existing studies.

KQ 2: What is the evidence that apnea and hypopnea-based measures of
sleep-disordered breathing (e.g., apneic indices, hypopnea indices, and
apnea-hypopnea indices) used in current practice and research are valid
surrogate or intermediate measures for long-term health outcomes?

KQ 2a: Summarize the methodological issues in the existing studies.
What is the ideal study design for establishing the validity of a
surrogate or intermediate measure?

* Note that the association between changes in apnea and hypopnea indices and health outcomes
across a broader set of studies is primarily addressed in KQ 2.

Analytic Framework

To guide the development of the KQs for the diagnosis and treatment of OSA, we developed
an analytic framework (Appendix A Figure A-1) that maps the specific linkages associating the
populations and subgroups of interest, the intervention, and outcomes of interest, both
intermediate/surrogate and long-term health outcomes. Specifically, this analytic framework
depicts the chain of logic that evidence must support to link the interventions to improved health
outcomes. The figure lays out which KQs address each aspect of the framework.



Literature Searches

For literature published through 2010, we rescreened for eligibility all studies that were
included in existing SRs on OSA diagnosis and treatment conducted for AHRQ.!'" 132 For more
recent articles, de novo literature searches were conducted in Medline (via PubMed), Embase,
the Cochrane databases, CINAHL (Cumulated Index to Nursing and Allied Health Literature),
ClinicalTrials.gov, and Epistemonikos for primary studies, existing SRs, and published
guidelines from January 2010 through March 22, 2021. We also searched the ECRI guidelines
Trust?! for relevant guidelines published in the last 5 years and the U.S. Food and Drug
Administration (FDA) medical device databases for summaries of safety and effectiveness that
may include study results not published elsewhere.?

Literature search strategies included filters to remove nonhuman studies and articles that
were not primary studies, SRs, or clinical practice guidelines. The searches included MeSH or
Emtree terms, along with free-text words, related to OSA and CPAP. Search strategies were peer
reviewed by an independent medical librarian. Appendix A includes the final search strategies.

The reference lists of all relevant existing SRs were screened for additional eligible studies.
All prior SRs, including those produced for AHRQ, were used only to identify studies; all
eligible studies were re-extracted and re-analyzed anew.

Study Selection

Table 1 presents the major eligibility criteria for each KQ. More detailed criteria are
presented in Appendix A. The eligibility criteria were determined in discussion with the
Technical Expert Panel and Sponsor, along with public review of the draft protocol.

Briefly, for both KQs, we included studies of adults with OSA, excluding patients with prior
strokes, severe heart failure, and in other special populations for whom etiology or management
of OSA commonly differs than for most patients. We focused on a specific list of clinical event
outcomes and evaluations of mental health conditions, cognitive function, and quality of life
(health-related or generic). We did not include sleep and breathing measures (e.g., AHI),
symptoms (e.g., sleepiness), or intermediate outcomes (e.g., blood pressure, glucose). We
included only long-term treatment and outcomes. For most outcomes, we defined this as a
minimum of 1 year. For mental health conditions, cognitive function, quality of life, and sexual
function we defined this as a minimum of 6 months. The choices of minimum duration of
followup was based on discussions that balanced general understanding of the concept of “long-
term” and the expected minimum time required on CPAP treatment to impact outcomes although
these intervals might not reflect the durability of any effect.

For KQ 1, we compared CPAP versus no CPAP or other OSA treatments. We restricted
evaluation to randomized controlled trials (RCTs) and nonrandomized comparative studies
(NRCSs) that included analyses to account for possible confounding, including regression or
propensity score analyses. We excluded other observational studies, including pre-post studies
and comparisons of CPAP users with healthy controls (without OSA).

For KQ 2, we included only studies that reported an outcome of interest for KQ 1 and change
in breathing, sleep, or sleepiness measures over a minimum of 6 or 12 months. In particular, we
sought studies that provided surrogacy or mediation analyses. We did not assess the validity of
single measurements of breathing or sleepiness measures (e.g., measured pretreatment) as
predictors of outcomes or treatment effect.



Table 1. Study eligibility criteria, per Key Question

Eligibility Categories

Criteria

Both KQs: Population A

Adults (=218 years)

Exclude studies with any pregnant women

Exclude studies in which any participants are reported to have, at baseline, central
sleep apnea (from any cause including prior stroke, severe heart failure, among
others), obesity hypoventilation syndrome (Pickwickian syndrome), neuromuscular
disease, Parkinson disease, Down syndrome, Prader-Willi syndrome, major
congenital skeletal abnormalities, narcolepsy, narcotic addiction, Alzheimer
disease, epilepsy, or with mild cognitive impairment

Both KQs: Intervention /
Comparator A

Exclude studies of surgical interventions for sleep apnea or bariatric surgery

Both KQs: Outcomes A

Major health outcomes

e Death

e Cardiovascular and cerebrovascular events or incident diagnosis

e Motor vehicle accidents

e Composite outcomes that include only major clinical event outcomes (e.g.,
major adverse cardiovascular events defined as including all-cause
mortality)

Other health outcomes

e  Other cardiovascular outcomes

e  Objective measures of cardiovascular severity (categorized, not
continuous measures such as intima media thickness)

e Incident hypertension (or regression to normotension)

e Incident arrhythmias (or resolution of arrhythmias), including clinically
significant ventricular arrhythmias and atrial fibrillation

e New-onset diabetes mellitus or prediabetes (or regression to
normoglycemia)

¢ Mental health conditions, including depression, anxiety, and substance
use disorder: incident diagnosis or resolution, measures of mental health

¢ Cognitive function: clinical diagnosis (e.g., of dementia) or executive
function measures

e Quality of life and functional status outcome measures, regardless of
whether these are health-related or generic measures and regardless of
evidence of validation (generally or in adults with OSA)

e  Sexual function: clinical diagnosis (e.g., diagnosis of erectile dysfunction or
anorgasmia) or their resolution, measures of sexual function

e Sequelae of sleep deprivation (e.g., trauma, missed work or school)

e Blood pressure

e  Asymptomatic arrhythmias or laboratory measures (e.g., captured by
electrophysiologic testing [heart rate variability, QTc interval, etc.])

e  Glycemia measures (e.g., hemoglobin A1c, fasting blood glucose)

e [nstruments to measure severity of sleep apnea

Both KQs: Timing (minimum
followup duration) A

e Death
e Incident cardiovascular or cerebrovascular events
e Incident hypertension (or reversion to normotension)
e Incident diabetes (or reversion to normoglycemia)
6 months
e All other outcomes

Both KQs: Setting

Outpatient only (except for sleep laboratory setting for measurement of sleep and
breathing measures)
Exclude acute care hospital settings (including perioperative)

Both KQs: Publication status

Exclude conference abstracts and other non-peer reviewed reports, except
include data reported only in ClinicalTrials.gov




Eligibility Categories

Criteria

KQ 1 (CPAP treatment):
Population B

Obstructive sleep apnea (as per study criteria)

KQ 1: Intervention B

CPAP for treatment (not diagnosis or staging) of obstructive sleep apnea
At least 1 month of prescribed (or planned) treatment
Exclude
e Intervention designed only to improve CPAP adherence/compliance (i.e.,
not an intervention of CPAP, per se)
e  Evaluations of accessories only (e.g., nasal cannulas, head straps,
humidifiers)
e  Evaluations of CPAP titration methods, per se, including specific
parameters or modes (e.g., starting pressures)
e Evaluations of other features meant to improve comfort or adherence
e Other non-CPAP interventions (e.g., different times of monitoring, scoring),
including noninvasive ventilation

KQ 1: Comparators B

No CPAP
Allow assignment to no CPAP, lack of prescription for CPAP, lack of use of
CPAP (e.g., due to nonadherence)
Other CPAP modality or protocol (e.g., autoCPAP vs. bilevel PAP)
Non-CPAP active interventions for obstructive sleep apnea (e.g., mandibular
advancement device, positional therapy)
Exclude
e  Bariatric surgery
e Surgical treatment of obstructive sleep apnea
e  Comparisons with different accessories, titration methods, features to
improve comfort or adherence, CPAP protocols (e.g., different times of
monitoring, scoring)

KQ 1: Outcomes B

As listed above, for both KQs

Sleep and breathing measures (e.g., AHI) and validated sleep questionnaires (e.g.,
Epworth Sleepiness Scale) (only for the purpose of addressing KQ 1b, not as
outcomes of interest)

Adverse events related to CPAP use

KQ 1: Timing (minimum followup
duration) B

As listed above, for both KQs

KQ 1: Design B

Randomized controlled trials
Nonrandomized comparative studies
Restrict to studies that use modeling or other analytic methods, including
randomization, to minimize confounding bias (due to inherent differences
between people who receive one or the other intervention
Exclude
e  Case-control studies
e Pre-post studies (observational comparison of before and after CPAP
treatment in a single group of participants)

KQ 2 (intermediate/surrogate
measures): General B

For KQ 2, include studies that measured a change in the intermediate/surrogate
measure (e.g., AHI) over a period of time and report on outcomes of interest. We
included studies that provide formal evaluation of validity of the intermediate /
surrogate measure for the health outcome and other studies that reported sufficient
data to analyze a potential association between the change in the measure and the
health outcome. Studies had to compare two groups (either two interventions or two
groups based on participant characteristics, such as gender).

KQ 2: Population B

As listed above, for both KQs

KQ 2: Intermediate/surrogate
measures B €

Sleep and breathing measures

Indices based on apneas or hypopneas (e.g., AHI, RDI) or other respiratory events
such as RERAs, oxygen desaturations

Note that studies must report a change in the measure over time

Exclude evaluations of isolated neurophysiologic parameters of sleep (e.g.,
respiratory effort, heart rate, air flow, pulse oximetry alone) and cardiac
electrophysiology indices (e.g., heart rate variability)




Eligibility Categories Criteria

KQ 2: Outcomes B As listed above, for both KQs

Note that each study must report both change in one or more intermediate /
surrogate measures (i.e., sleep and breathing measures) and one or more
outcomes of interest

KQ 2: Timing (minimum followup As listed above, for both KQs
duration) B
KQ 2: Design B Comparative studies informing on validity or person-level associations of change in

sleep and breathing measure(s) with outcome(s)

Surrogacy or mediation analyses

Person-level association between change in measure and change or incident
outcome

N 230 analyzed for a given association between intermediate/surrogate measure
and outcome

Abbreviations: AHI = apnea-hypopnea index, AutoCPAP = auto-adjusting CPAP (also known as APAP), Bilevel PAP = bilevel
positive airway pressure (device), CPAP = continuous positive airway pressure (device), KQ = Key Question, RDI = respiratory
depression index, RERA = respiratory effort related arousals.

A See sections below for eligibility criteria specific to either KQ 1 or 2.
B These criteria are in addition to those listed for “Both KQs”.
€ Variables of interest evaluated regarding their association with health outcomes.

Data Extraction

For KQ 1 and 2, we extracted data directly into the Systematic Review Data Repository
(SRDR) at https://srdr.ahrg.gov/. We used separate forms for KQ 1 (on treatment effect or
association with health outcomes) and KQ 2 (on correlation between intermediate/surrogate
measures and health outcomes). Studies reporting data for both KQs were including in both
forms.

We extracted information on study characteristics, eligibility criteria, participant
characteristics, intervention and comparator details, outcome definitions, and results (including
event numbers, effect sizes, and P-values). A series of questions captured various aspects of how
OSA diagnoses were made, how sleep studies were conducted, and how sleep and breathing
measures were defined. For KQ 1, for each outcome reported by RCTs we determined whether
the analysis was intention-to-treat (ITT) or “as-treated” (excluding dropouts or other missing
participants). Similarly for NRCSs, we determined whether the analyses were “as-prescribed” (of
all participants who were prescribed, or not prescribed, CPAP, conceptually analogous to ITT) or
restricted to either adherent or all CPAP users.

Study- and outcome-level risk of bias assessment was conducted during data extraction
within SRDR. All studies were reported in English language articles.

Risk of Bias Assessment

We evaluated each study for risk of bias and methodological quality. Because we included a
variety of study designs, we incorporated items from three different commonly used tools and
tailored the set of items for each study design.

For RCTs, we used all the items from Cochrane Risk of Bias 2.0 tool,?* focusing on issues
related to randomization and allocation concealment methodology; patient, caregiver, and
outcome assessor blinding; loss to followup (omissions from analyses); adequacy of descriptions
of study participants, interventions, and outcomes; and other issues. Questions related to
outcome assessor blinding, loss to followup, and reporting adequacy were assessed for each
outcome.


https://srdr.ahrq.gov/

For NRCSs, we included assessments of specific elements from the Risk Of Bias In Non-
randomised Studies — of Interventions (ROBINS-I) tool,?* in particular related to selection bias
(comparability of groups). The questions were assessed for each outcome (e.g., whether each
outcome was adjusted for potential confounders).

Since we downgraded RCTs for issues related to randomization and blinding, to ensure
consistency across all studies, we deemed that NRCSs could at best be at moderate risk of bias.
We further downgraded the risk of bias of NRCSs that did not use propensity score (or
equivalent) analyses to control for inherent differences among participants who used (or were
prescribed) CPAP and those who did (or were) not. For studies that reported propensity score
analyses, we evaluated the type of analysis used (propensity score matching, weighting,
stratification, or covariate adjustment), the proportion of the total sample included in a matched
analysis, whether non-baseline variables were included, and the comparability of baseline
characteristics between groups after propensity score adjustment.?’ Inadequate propensity score
analyses were considered to increase the risk of bias.

Data Synthesis and Analysis

Within the main report, data are summarized either in succinct tables that focus on outcome,
interventions, and comparative results or in forest plots or succinct summary tables (for most
topics). Appendix D includes the more detailed, study-level results for each topic. Appendix C
contains detailed tables that describe study and participant characteristics, intervention (and
comparator) details, outcomes (and definitions), and arm- and comparison-level results.
Appendix C also includes tables providing study-level risk of bias assessments.

For KQ 1 (CPAP treatment effect), where feasible and appropriate, we conducted random
effects model pairwise meta-analyses to compare interventions, using the restricted maximum
likelihood approach. Details are in Appendix A. Meta-analyzed studies needed to be similar in
population, interventions being compared, and reported outcomes.

We first meta-analyzed and summarized findings and conclusions from RCTs only. As
exploratory analyses, we secondarily added the adjusted NRCSs to the meta-analyses and
summary findings and conclusions. This was done under the assumption that adjusted NRCSs
are likely to provide similar findings as RCTs, but also allows for an assumption that NRCS
evidence is inherently flawed and should be omitted from synthesis. It was also understood that
NRCS data may provide associations that can be tested in future rigorous trials. To evaluate the
role of the NRCSs in the combined meta-analysis summary estimates, we performed a sensitivity
analysis on meta-analyses that included both RCT and NRCS evidence that allowed us to
visualize how the meta-analytic results change as the NRCS evidence is given increasing weight
from none (only RCT evidence is considered) to equal weight with the RCT evidence (standard
meta-analysis). Each graph was assessed qualitatively to make a judgment about the relative
findings of RCTs and NRCSs. Appendix D displays all such graphs. For each meta-analysis, we
report the I? value, which estimates the percentage of the overall variability that is attributable to
statistical heterogeneity.

For each RCT comparing CPAP with no CPAP, we calculated the number-needed-to-treat
(NNT) or to harm (NNH) based on the reported numbers of events for each categorical (binary)
outcome (no RCT reported NNT or NNH). For outcomes with meta-analyses of RCTs, we also
estimated a summary NTT based on the summary effect size and the separately meta-analyzed
control rate (event rate in the no CPAP arm).
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For KQ 2, we used a metaregression approach to assess evidence on surrogacy and
mediation.?” We included RCTs and observational studies with adjustment for confounding that
compared two or more groups (either interventions or subgroups), reported changes in breathing
measures (e.g., AHI) or both pre- and post-intervention values, and at least one outcome of
interest. We evaluated mean effects between arms by assessing the net difference (difference-in-
difference) from baseline until the latest reported timepoint or the odds ratio (OR). Continuous
measures that were derived from studies that used different scales were first converted to
standardized effect sizes. For studies with three or more relevant groups, we first meta-analyzed
effects across similar groups (e.g., the two CPAP groups) to allow a single comparison value per
study. We used the same method to assess the correlation between sleepiness measures and
health outcomes.

For each analysis, we graphically present the mean effect of AHI (or other breathing
measure, or sleepiness measure), on the Y axis, against the mean effect of the outcome, on the X
axis such that the origin (where X and Y axes meet) is in the middle and the upper left (quadrant
A, northwest) and lower right (quadrant D, southeast) quadrants correspond to improvements in
intermediate measure (AHI, etc.) correlating with improvements in health outcome (or vice
versa). The X-axis was flipped, as needed, to maintain this orientation. For outcomes with at
least three studies, we assessed the study-level concordance (the effect of an intervention on the
outcome and its effect on the breathing measure were in the same direction in terms of
favorability) between outcomes and breathing measures. We quantitatively assessed the degree
of concordance using the non-parametric Spearman correlation coefficient (p) and its associated
P-value.?® The strength of the (absolute value of the) correlations were categorized as follows:
0.00 to 0.19 “very weak”, 0.20 to 0.39 “weak”, 0.40 to 0.59 “moderate”, 0.60 to 0.79 “strong”,
0.80 to 1.0 “very strong”. We also evaluated the statistical significance of whether studies were
more likely to demonstrate concordance or discordance between intermediate and outcome
measure effects, using the nonparametric exact binomial test.

We examined within-study evaluations of heterogeneity of treatment effect (e.g., subgroup
differences, regressions with interaction terms). In particular, we sought to evaluate the
following factors as potential mediators of treatment effect: body weight, obesity, neck
circumference, etc.; weight change (loss or gain); prior cardiovascular disease, cerebrovascular
disease, or other major clinical disease/condition; sex/gender; race/ethnicity; “severity” of OSA
(as defined by study; e.g., pretreatment AHI); new or prior OSA diagnosis; treatment-naive
versus failed prior treatment; first versus second or more use of CPAP; treatment (CPAP)
adherence/compliance; and treatment (CPAP) discontinuation. When feasible, we also looked
across studies for possible evidence of heterogeneity of treatment effect, but restricted these
analyses to study-level differences (i.e., we did not evaluate factors subject to ecological fallacy,
such as mean ages or weights across studies).

We also qualitatively assessed clinical heterogeneity across studies through an analysis of
each study’s definitions of the components of AHI and oxygen desaturation index (ODI), the set
of criteria used to define AHI, and the AHI (or other) threshold used to define OSA. Studies
were ranked (sorted) by the “strictness” of their criteria (e.g., a requirement of 4% drop in
oxygen saturation was considered stricter than a 3% drop in saturation). Variations in treatment
effects across studies were assessed qualitatively considering the strictness of breathing measure
requirements. Statistical (quantitative) assessment across studies was not feasible due to the
small number of studies reporting any given outcome and the large number and variability of
factors involved in assessing strictness across studies.
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Of note, we included only analyses reported in published studies. We did not re-analyze data
from other studies (beyond simple calculations, such as OR). We also did not request any
participant-level data or conduct participant-level meta-analyses.

Determining Outcome-Level Conclusions and Grading the
Strength of the Body of Evidence

We evaluated the strength of evidence (SoE) addressing each major analysis for each KQ.
We graded the SoE as per the AHRQ Methods Guide.'>? For each SoE assessment for KQ 1
(CPAP treatment effect), we considered the number of studies, the study limitations (i.e., risk of
bias), the directness of the evidence to the KQs, the consistency of study results, the precision of
any estimates of effect, and other limitations (particularly sparseness of evidence). We assessed
two levels of precision for different aspects of assessing study findings and SoE. When
(summary) estimates were “imprecise” (the 95% confidence interval [CI] extended beyond both
0.80 and 1.25), overall SoE was downgraded for precision. When (summary) estimates were
“highly imprecise” (95% CI extended beyond both 0.50 and 2.0), we deemed there to be
insufficient evidence to allow conclusions regarding SoE.

For each outcome, where there was sufficient (i.e., not insufficient) evidence, we
summarized the overall conclusion based on a combination of the direction of effect (or
association), the statistical significance, and the magnitude of the effect in relation to a minimal
clinically important difference (MCID). Preferable, but not required, the studies were powered a
priori for the MCID for each clinical metric. Where feasible, we based MCIDs on at least one
study reporting a relevant MCID for a population as close as we could find to OSA. We cite each
MCID we use. However, we did not use, nor did we find, MCIDs for any clinical event
outcomes. For these outcomes, we effectively used an effect size of 1.0 as the MCID threshold.
However, we did not depend strictly on statistical significance to make conclusions, but used
judgment, in concert with SoE assessment, to determine the ultimate conclusions. Based on the
language inherent in the AHRQ Methods Guide for grading SoE, in instances where the effect
size estimate and confidence interval did not suggest an effect (i.e., when the effect size was
close to 1.0 and statistically nonsignificant) we concluded that there was no evidence of (an)
effect or, for bulleted Main Points that the intervention does not affect risk of the outcome.

We assessed the factors that determine SoE separately based on RCT data alone, NRCS data
alone, and all eligible studies. We determined a formal SoE rating for RCTs alone because these
types of studies can provide information on causality. From eligible NRCS, we could determine
only strength of association; although some types of NRCSs can emulate an RCT (e.g., properly
designed and implemented propensity score studies) if all of the relevant variables are identified
and if there is sufficient information for these variables. For a secondary conclusion, we then
combined evidence from RCTs and NRCSs, both by meta-analysis and evaluation of SoE, since
these analyses may provide some exploratory and suggestive information that may merit further
investigation. We did not determine a SoE rating for NRCSs alone (since a SoE assessment
ignoring RCTs would be of questionable value).

For KQ 2 (surrogate/intermediate outcome assessment), we considered whether there was
adequate evidence from within-study analyses of correlation between surrogate/intermediate
outcomes and health outcomes, the number of studies, the consistency of study findings, and
potential limitations stemming from study design and/or analytical approaches.

Based on these assessments, we assigned a SoE rating as being either high, moderate, low, or
insufficient to estimate an effect. Similarly, for both KQs, if studies reported highly inconsistent
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findings across studies or if only one study reported an outcome, the SoE was deemed to be
insufficient.

Applicability

For KQ 1 (effect of CPAP), we assessed the applicability of the included studies to people
eligible for Medicare coverage (based on age or co-existing disability). Applicability was
assessed primarily based on the studies’ eligibility criteria and their included participants,
specifically related to such factors as severity of disease, prior history, age, sex, race/ethnicity,
and geographic location of the study.
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Contextual Questions

Contextual Question 1

What measures related to apneas and hypopneas (e.g., apnea indices,
hypopnea indices, and apnea-hypopnea indices with various
measurements) or other measures (e.g., time spent with oxygen saturation
below 90% or other cutoffs, electrophysiologic signal analysis metrics such
as time and frequency domain analyses of heart beats) are used in
contemporary research and clinical settings? How have standard
definitions of these measures changed over time and what is the
explanation for such changes?

The apnea-hypopnea index (AHI) is the most common metric used to summarize the findings
of a sleep study. As such, it is used to operationalize the diagnosis of sleep apnea, examine where
individuals are on the spectrum of their respiratory condition, and assess treatment response in
clinical and research settings. Questions have been raised about whether AHI and related metrics
are an adequate aggregation of the findings of a sleep study, or whether alternative or additional
polysomnography, other sleep study, or biometric measures should be used for diagnosis,
severity assessment, prognosis and treatment monitoring.*% 3!

We present other metrics and the evolution of standard definitions for AHI (the most well-
known metric) in the following paragraphs that organize critiques of over-reliance on AHI as the
key metric.

Narrow Scope of Apnea-Hypopnea Index

AHI, and related indices like the apnea index (Al) and oxygen desaturation index (ODI)
incompletely measure the severity of obstructive sleep apnea (OSA) and may not truly represent
the primary determinants of adverse outcomes. In particular, AHI does not include the severity of
arousals, microarousals, autonomic imbalance, sleep stage fragmentation, or hypoxemia.
Interruptions in sleep may be more directly associated than AHI with the primary symptoms of
OSA such as excessive daytime sleepiness and neurocognitive effects.’?*3 Other available
measures such a respiratory effort related arousals (RERA), the arousal index (a broader measure
of sleep disturbances), and sleep stage stability may also be used in clinical practice to evaluate
sleep disruption and severity of OSA.*® However, measures of the effect of apnea and hypopnea,
such as arousal or hypoxemia, may more directly result in symptoms and clinical sequelae. For
example, arousal intensity (measured by electroencephalography) and heart rate response to
arousal may be better measures of the sleep disruptive effects of OSA.**3° Similarly, the severity
of hypoxemia as measured by the hypoxic burden has been reported to be a predictor of
cardiovascular mortality.*’

Measures of Intensity of Exposure Versus Cumulative Exposure to
Reduced Inhaled Air During a Night of Sleep

The hallmark of sleep apnea (obstructive, central, or mixed) is diminished volume of inhaled
air during sleep, which can result in oxygen desaturation, sympathetic system activation, and
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microarousals (from sleep).?® It has been postulated that an individual’s total exposure to
“diminished inhaled air during sleep” contributes to sequelae, much like total exposure to
cigarette smoke or ionizing radiation contribute to increased risk of malignancies.

Commonly used metrics, including AHI, Al, ODI, respiratory disturbance index (RDI),
RERA, hypopnea index, and others, quantify number of respiratory events per unit time. As
such, they may provide incomplete information if cumulative exposure to reduced inhaled air—
which incorporates sleep duration—is important. These metrics of cumulative exposure include
total number of events, total duration of events by type, and time spent with oxygen saturation
below a specific threshold.

It is unclear that rate metrics should be preferred over metrics that directly assess cumulative
exposure to reduced air intake during a night of sleep. However, measures of cumulative
exposure are uncommonly used in sleep medicine. In contrast to rates (measures that include a
unit of time), direct measures of cumulative exposure during a night of sleep capture the total
number of events experienced. As an analogy, the cumulative exposure to smoking, in terms of
pack-years is preferred over the rate of cigarettes smoked per year. For example, consider two
people who have the same AHI of 10 events per hour of sleep but who sleep for 7 and 5 hours,
respectively, every night. On the basis of AHI, they are observationally equivalent. However, the
first is exposed to 2 more hours of diminished inhaled air during sleep. The total number of
events per night (70 versus 50), possibly stratified by type of event, is better than AHI at
distinguishing levels of exposure to diminished inhaled air during sleep. The analogous
observation holds for other indices, e.g., the ODI measures the rate of oxygen desaturation
events, but not their total number.

Another direct metric is the total duration of respiratory events. This measure may be
informative since the mean duration of respiratory events varies both among patients and for
each patient over time. A 10-second respiratory event is unlikely to be physiologically equivalent
to an event that lasts 2 minutes. The total duration of respiratory events during sleep would
distinguish patients who have the same AHI, same sleep duration (and, thus, same mean number
of events), but who differ in the average total duration of their respiratory events. A potentially
important implication of this issue of measurement type in reference to AHI, women tend to have
a lower AHI, with shorter duration apneas and hypopneas, than men. Thus, the prevalence and
severity of OSA, as defined by AHI, is lower in women than in men, while the sequelae of
disordered breathing may be the same, if not worse among women for comparable degrees of
severity found in men.*® There has been the finding that women’s apneas and hypopneas tend to
cluster more during rapid eye movement (REM) sleep than non-REM sleep compared to men,
resulting in a lower overall (nightly) AHI among women.*’

Several other metrics that have been proposed elaborate on the theme of better capturing the
total exposure to the respiratory events that characterize the syndrome, using weighting schemes
that aim to measure the physiological impact of the respiratory events. For example, one can
consider the total duration of respiratory events weighted by the oxygen desaturation that
accompanies them,*! hypoxic burden®’ (oxygen desaturation area under the curve during sleep),
the morphology of the oxygen desaturation events,** and other analyses that try to infer
physiologic impact by quantifying sympathetic system activation (e.g., via time and frequency
domain analysis of heart rate). A simple weighted measure is the total duration spent with
oxygen desaturation below 90 percent (or another cutoff). These weighting schemes aim to
measure the physiological impact of the respiratory events.
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Empirical research has demonstrated that patients who have similar AHI can differ greatly in
these other metrics.*!* *> Generally, AHI is not well-correlated with symptoms and signs of
OSA.* However, it is an open question whether alternative metrics are more strongly correlated
with symptoms and signs.

Other metrics have been proposed for clinical assessment that combine physiologic and other
measures to assess subjective and objective disease burden. These metrics integrate anatomic
(e.g., redundant pharyngeal mucosa, tonsil size), anthropometric (e.g., body mass index [BMI],
neck circumference), subjective (e.g., daytime sleepiness reflected by the Epworth Sleepiness
Scale [ESS]), and physiologic measurements (e.g., AHI, lowest oxygen desaturation).*** We do
not describe them further because they are not purely physiologic metrics.

Changes in the Definitions of Key Respiratory Events

The definition of key events, such as hypopneas, has evolved over time in in both research
and clinical settings. Changes in event definitions can influence the meaning and interpretation
of all metrics, including AHI, Al, RDI, RERA, and the metrics of cumulative exposure discussed
in the previous section. We describe in some detail the evolution of definitions of hypopneas,
because AHI is the most commonly used metric.

The AHI includes both apneas (complete cessations of airflow) and hypopneas (partial
reductions of airflow) per hour of sleep that are deemed to be physiologically consequential.
Generally, it is agreed that 10 seconds is a reasonable minimum duration for an event, in that
within 10 seconds of no breathing an unambiguous drop in oxygen saturation can manifest.
However, various versions of AHI use different definitions for what constitutes a physiologically
consequential obstruction, for apneas, hypopneas, and oxygen desaturation. This has resulted in
variability in the application of “standard” definitions in research settings (see Results,
Definitions of Breathing Measures Across Studies) and in clinical practice across laboratories
(e.g., Manser et al. 2002).4

In 1999, an American Academy of Sleep Medicine (AASM) Task Force recommended
counting only hypopneas accompanied by a 3 percent oxygen desaturation or a RERA.? In 2007,
the updated AASM guideline allowed for two definitions for hypopnea, namely at least a 30
percent reduction in airflow accompanied by an oxygen desaturation of 4 percent or at least a 50
percent reduction in airflow accompanied by an oxygen desaturation of 3 percent. The
subsequent 2012 AASM update defined hypopneas as drops of at least 30 percent in airflow
associated with a range of physiologic responses, including arousal in the electroencephalogram,
surrogates of arousals, and measures of sympathetic system activation, such as change in heart
rate.* It thus allows for two types of definitions: (1) a drop of 30 percent in airflow associated
with at least a 3 percent desaturation or evidence of an event-related arousal (or both), or (2) a
drop of 30 percent in airflow associated with at least a 4 percent desaturation. The most recent
2020 AASM update dropped this second definition of hypopnea.’ Based on what was reported in
the AASM guidelines and in commentaries we found regarding the guidelines, the changes in the
definitions of events (e.g., whether to use a 3 or 4 percent oxygen desaturation threshold) were
made based on evolving evidence about the implications or physiologic meaning of apneas and,
in particular, hypopneas. However, we could not find explicit reference to supporting evidence,
particularly of studies evaluating different breathing measure definitions in reference to health
outcomes.

The newer definitions count more events as hypopneas when calculating the AHI, primarily
related to decreasing the required oxygen desaturation from 4 to 3 percent. Thus, in a reanalysis
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of 6441 polysomnography recordings, with alternative definitions for hypopneas, the mean AHI
was 5.4 (95% confidence interval [CI] 1.8 to 13.4) with the 2007 AASM definition (at least 30
percent airflow reduction and 4 percent desaturation) versus 13.4 (95% CI 6.8 to 24.1) with the
2012/2018 AASM definition (at least 30% airflow reduction plus >3 percent desaturation and/or
arousal).*’ Nomograms have been developed to translate measurements from one definition to
the other, accounting for uncertainty. Statistical analyses demonstrate divergence of alternative
AHI definitions for smaller values and convergence for higher values. Thus, the same person
may be classified differently using the same numerical cutoffs for different AHI definitions. In
the aforementioned analysis, 48 percent of patients had an AHI of less than 5 events per hour
with the 2007 definitions, versus 17 percent with 2012/2018 definitions.

A prudent interpretation of these critiques encourages research on alternative metrics to
better capture patients’ respiratory processes during sleep and suggests that we should refrain
from relying only on AHI to classify moderately severe disease. Understanding AHI
measurements and how to interpret them is important to contextualize the large volume of
research that has been conducted thus far.

Contextual Question 2

What are commonly used sleep questionnaires and how have they been
validated?

Different questionnaires related to OSA have been developed for distinct goals: (1) to screen
for the condition, (2) to assess health status (primarily symptoms), and (3) to measure impact on
daily living and health-related quality of life (QoL), including generic and specific instruments.
We briefly describe one tool per goal, and comment on their analytic validity (in terms of formal
psychometric analyses), clinical validity (sensitivity and specificity to detect a definition of
OSA), and clinical utility (whether using versus not using it when managing patients improves
clinical and patient-centered outcomes).

Screening for OSA

A commonly used tool is STOP (snoring, tired, observed, pressure) and its variant, STOP-
BANG (STOP plus BMI, age, neck size, gender), which were introduced in 2008 in the context
of preoperative evaluations.*® STOP includes questions on four subjective items (snoring,
tiredness during daytime, observed apnea, and high blood pressure). STOP-BANG adds four
anthropometric and demographic items (STOP with BMI >35 kg/m?, age >50 years, neck
circumference >40 cm, and male gender). STOP-BANG, in particular, has been used extensively
in preoperative assessment,* sleep labs,’° the general population,®! and in patients with chronic
diseases to screen for OSA.>? It has been translated into numerous languages.

In the simplest scoring model for STOP-BANG, the eight items are scored 1 or 0, for
affirmative and negative answers, respectively. Higher scores indicate higher likelihood of OSA.
Typically, a score of 0 to 2 indicates low likelihood of OSA; a score of 5 to 8§ high likelihood of
OSA, and a score of 3 or 4 intermediate risk. Because isolated items in STOP-BANG do not
have the same predictive potential,> various scoring algorithms have been proposed that do not
count all items equally.*’ Thus, the predictive ability of STOP-BANG to detect OSA depends on
(1) the definition of OSA, (2) the scoring algorithm used for STOP-BANG, and (3) the cutoff in
the overall score used. STOP-BANG was developed using rigorous psychometric methods*®
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(including reliability analysis and factor analysis) and has substantial analytic validity. Its
clinical validity, in terms of sensitivity and specificity to detect various polysomnography-based
definitions of OSA, has been examined in various populations, and varies based on the specifics.
However, we did not identify empirical evidence on its clinical utility regarding effects on long-
term health outcomes in comparative studies (i.e., whether using versus not using the symptom
score improves patient outcomes).

Symptom Severity

The ESS is the most commonly used tool to measure subjective sleepiness (sleep
propensity).>* 3 It comprises eight questions about the likelihood of dozing off or falling asleep
(with four options, ranging from 0 = would never doze to 3 = high chance of dozing) in different
situations, some very soporific, others less so (e.g., lying down to rest in the afternoon, sitting
inactive in a public space, in a car while stopped in traffic). Higher scores correspond to
increasing sleep propensity. Typically, a score of at least 10 (out of a maximum of 24) is
consistent with clinically important sleepiness.>

Because it measures subjective sleepiness, the ESS has been used to predict the presence of
OSA (using various definitions). In psychometric analyses, the ESS has good reliability and
internal consistency.>¢->* The ESS exhibits moderate or weaker correlations with other constructs
(e.g., maintenance of wakefulness test, multiple sleep latency test, AHI and other
measurements).>’ In all, we consider it analytically valid.*® However, ESS has limited clinical
validity in detecting various definitions of OSA.!'" % We could not identify empirical evidence
on its clinical utility, whether using versus not using it improves patient outcomes.

Impact on Daily Living and Quality of Life

Various generic (e.g., 36/12-item Short Form medical survey [SF-36/12],°! EuroQol-5D) and
specialized (e.g., Calgary Sleep Apnea Quality of Life Index [SAQLI],%? Functional Outcomes
Sleep Questionnaire [FOSQ]®) health status tools, health indices, and health-related QoL tools
have been used in sleep apnea assessments.** Reviewing generic QoL instruments and health
indices is outside the scope of this report. As will be evident in the SR, below, most RCTs of
CPAP have evaluated generic QoL tools (SF-36/12, EuroQol-5D).

For assessment of the effect of a treatment on a health condition, it is important to consider
the more specific concept of health-related QoL. There is a wide range of definitions of health-
related QoL.%%%7 We briefly comment on FOSQ, a disease-specific health status instrument that
measures impact of sleepiness on activities of daily living.®

FOSQ is a self-administered, disease-specific health status instrument that measures impact
of sleepiness on activities of daily living.% It evaluates five dimensions of functional status: (1)
activity level, (2) vigilance, (3) intimacy and sexual relationships, (4) general productivity, and
(5) social outcomes. The long form of FOSQ includes 30 questions, for which responders choose
from a 4- or 6-point scale, depending on the question. The possible scores range from 0 to 100,
with higher values indicating more adverse impact on daily living. Shorter forms of the
instrument (e.g., FOSQ-10, scores ranging from 5 to 20) have also been developed.

In psychometric analyses, the FOSQ has good reliability, construct validity, concurrent
validity, internal consistency, and discriminant validity. A commonly used shortened version
(FOSQ-10) has been validated against other QoL measures in 149 CPAP-treated patients with
OSA (who were selected for having an AHI >15, but who had a mean BMI of 64 [SD 29]);%
although we found no studies that have validated it against established OSA-related health-
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related QoL outcomes. The originally constructed, but less commonly used, 30-question FOSQ
has been validated in 135 adults with OSA (AHI >15, mean 45.6 [SD 26.3]).®° It was found to be
valid across several validity domains, including responsiveness to CPAP use and adherence.
There is also some information that FOSQ has limited clinical validity in detecting various
definitions of OSA (i.e., screening).!"®* We could not identify empirical evidence on its clinical
utility, whether using versus not using it improves patient outcomes.

Contextual Question 3

What treatment modalities for OSA are currently being marketed in the
United States? What OSA treatments (experimental or approved) are
currently being investigated in ongoing trials for patients as an alternative to
CPAP?

Positive airway pressure therapy, namely, CPAP, is commonly considered to be a first-line
treatment for OSA. Positional therapy, weight loss, and behavioral modifications are (often
ancillary) interventions that do not require particular devices. Several oral appliances (e.g.,
mandibular advancement devices) have been cleared or approved by the FDA to be legally
marketed in the U.S. They may be used in patients with mild to moderate OSA and in those who
do not tolerate CPAP.!: 7% 7! They reportedly help reposition the lower jaw to alleviate upper
airway obstruction during sleep. For some patients with specific anatomic variations, surgery
may be indicated,’? including uvulopalotopharyngoplasty,’® maxillomandibular advancement,’
and adenotonsillectomy (particularly in children). These surgeries reportedly correct structural
airflow obstructions with the intent of increasing the volume of inhaled air during sleep.

Newer treatments include nasal expiratory positive airway pressure (EPAP) devices,” oral
pressure therapy,’® and implantable hypoglossal nerve stimulation devices.”” ’® The FDA has
cleared or approved several of these devices for use in the U.S. The EPAP device is a single-use
mechanical device that has mechanical valves with very low inspiratory resistance but high
expiratory resistance. One EPAP valve is adhered to each nostril. The rationale for the device is
that high expiratory resistance results in positive pressure throughout exhalation. This splints
open the upper airway during exhalation, purportedly making it more resistant to collapse on
subsequent inspiration.”> 7

Oral pressure therapy applies a vacuum to the mouth, which is purported to stabilize upper
airway structures in patients with OSA. The oral pressure device uses a mouthpiece with a lip
seal and a vacuum pump. The device creates a partial vacuum (negative pressure) gradient that is
purported to draw the soft palate anteriorly into a stable contact with the tongue, widening the
nasopharyngeal airways for nasal breathing during sleep. The negative pressure is isolated in the
oral cavity, because of the stable seal between the soft palate and the tongue and does not extend
to the nasopharynx.”®

Hypoglossal nerve stimulation by means of implantable devices is being examined for
patients with moderate to severe OSA.”” 788 The premise is that upper-airway stimulation, via
unilateral stimulation of the hypoglossal nerve, increases the patency of the upper airways, which
activates the genioglossus muscle, moving the tongue anteriorly and opening up the
nasopharyngeal passages. Such devices are intended to synchronize stimulation with the
ventilatory effort during sleep.
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CPAP Device Premarket Notification Clearances

Numerous CPAP devices are available on the market. According to Section 510(k) of the
Food, Drug and Cosmetic Act, device manufacturers must provide a Premarket Notification to
the FDA of their intent to market a medical device at least 90 days in advance. This allows the
FDA to determine whether the device is equivalent to an already-cleared device. Specifically,
“medical device manufacturers are required to submit a premarket notification if they intend to
introduce a device into commercial distribution for the first time or reintroduce a device that will
be significantly changed or modified to the extent that its safety or effectiveness could be
affected. Such change or modification could relate to the design, material, chemical composition,
energy source, manufacturing process, or intended use.”! Upon premarket notification by
manufacturers, the FDA provides devices “clearance” upon review of the 510(k) submission.
After rigorous review of the devices, the FDA determines whether to grant “approval” for the
device to be legally marketed in the U.S. In addition, devices may be granted a “de novo”
categorization for novel medical devices for which there is no legally marketed predicate
(previously approved) device.

We examined the Premarket Notification [Section 510(k)] records on CPAP devices to
determine whether new versions of CPAP devices were cleared (and/or approved or granted de
novo categorization) on the basis of new clinical research or on the basis of substantial
equivalence to an already-cleared device.

We searched the Devices@FDA database®? without date restrictions (last search on March 1,
2020) using the terms “sleep apnea,” “OSA,” “continuous positive airway pressure,” and
“CPAP;” the names of major manufacturers (“Phillips-Respironics”, “ResMed”, “Simons”,
“Fisher & Paykel”); and product codes for non-continuous ventilator devices (“BZD”); and
additional codes listed on the returned records (“LRK”, “MNQ”). We identified 812 unique
Premarket Notification records, of which 163 referred to CPAP devices used for treating sleep
apnea in adults. Of these, 143 records were approved in 1996 or later and had downloadable
documents; we analyze these. The remaining 20 records without downloadable documents were
approved/cleared between 1976 and 1994.

For the 163 510(k) Premarket Notification records on CPAP devices, we extracted an
identification number, the device name and manufacturer, and the approval date (see Appendix
Table D-4). From the 143 that had downloadable documents we also extracted whether a clinical
study was mentioned and whether they cited another approval document to claim equivalence
with an approved device. Upon examination of the publicly available data in FDA database, it
was apparent that we did not have access to the complete Premarket Notification records.
Publicly available data via Devices@FDA database included only: basic device and
manufacturer information provided by the submitter; predicate device(s); reason for submission;
submitted information about substantial equivalence with previously cleared devices, intended
use, and device description; and the clearance letter written by the FDA. The available records
do not include explicit references to any clinical studies that may have supported the claims.
There was also no explicit reporting of, or reference to, any new (unpublished) clinical data.
However, such information might exist in other inaccessible parts of the Premarket Notification
records.

The large majority of Premarket Notification records for CPAP devices cite other previously
approved/cleared device records to support claims equivalence. We evaluated the more-recent
143 CPAP device records with available data. The 143 CPAP device records also cited 78
records of CPAP accessories, which are included in the analysis.
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We found a total of 266 citation relationships. Figure 1 graphs the citation relationships
reported in the 143 device records. The figure demonstrates 13 groups of records that are
connected with citation relationships. The largest relationship group includes 169 device records.
The other relationship groups include many fewer records: 3 groups have between 9 and 12
records, and nine groups have between 1 and 4 records.

Among the 143 CPAP device records, four (large red dots in Figure 1) did not cite other
records but they were each cited by at least one other record. These include: Apex Medical XT1
CPAP model 9S-005 (document number K070609, approved in 2007), Apex Medical CPAP RT
21XX (document number K022650, approved in 2004), Orion Nasal CPAP System (Bird
Products Corp., document number K020730, approved in 2002), and Sullivan Autoset Portable 11
Nasal CPAP System (ResMed, Ltd., document number K970771, approved in 1997).

Half of the device records (n = 76, empty circles) both cited and were cited by other records.
Many device records (n = 61, blue circles) only cited other device records. Two device records
neither cited nor were cited by other available device records (gray circles); they were both
approved based on predicate devices marketed prior to 1976.

Figure 1. Citations between records to support equivalence claims

o et .
>3 = Accessories to CPAP
gy . @ CPAP, parent
o o o P 0 O CPAP, in chain
O+» 2 o T © CPAP, terminal
) O o @® 0F 9P & o © CPAP, standalone
. a o0 R ©)
® . O
o e . @] O O
a o O o
0 . o o) Qg
o % o] O Q5
R 3 . b
. sl ORO . i o
6 © o 4 ‘o) 09 o
0 o o .
° o OO Q O ° |®]
s © e} Oo i °
(0] ° . C (0} 0 a
o 5 o) o) o a
» (0] (B Q - °
OO o Q0 O o Q
T oln O o .
. 0° o . o
o 0 OO0 :
c©O 0 o o]
e} < g0 (6] .
4 o ° %0 Frae
b G0 OO o . S fe) " . J
o S0 o
: ., (o R . 6 ©
00® o

Shown are citation relationships (266 grey arrows) between 143 continuous positive airway pressure (CPAP) device records
(large circles) and 78 CPAP accessory records (small circles). The arrows point from the record being cited to the citing record,
to denote the “flow of information” in an equivalence claim. The 4 CPAP records shown as large red dots (“CPAP, parent”) are
cited by other CPAP device records but do not cite other device records themselves. The 61 records shown as large blue dots
(“CPAP, terminal”) are CPAP device records that cite other records of CPAP devices (large circles) or CPAP accessories (small
circles). Two CPAP device records (large gray circles) are “standalone”, in that they are not cited by other devices nor citing
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other devices. The remaining 76 CPAP records are shown as large empty circles and are part of a chain of citation relationships
(“CPAP, in chain”).

Contextual Question 4

What are the variable features of marketed CPAP devices?

Many CPAP device manufacturers exist, each marketing several devices. We reviewed in
detail the websites and user manuals for the CPAP device lines from Philips/Respironics, Fisher
& Paykel and ResMed, the three manufacturers with the largest market shares in the United
States. All three device lines include basic and more feature-rich devices. For each device line,
we recorded information in terms of tunable breathing settings, automation, humidity control,
monitoring and documentation of use, communication, connectivity and software solutions for
patients and providers, and accessories. Because all device lines include comparable features in
some of their models, we describe device types generally.

Tunable Breathing Settings and Automation

CPAP devices differ in the flexibility they allow in setting inspiratory and expiratory
pressure parameters. Too low an inspiratory pressure will not increase the inhaled volume of air
during sleep. Too high inspiratory and expiratory pressures may induce pressure intolerance, a
common complaint, or aerophagia or swallowing of air, which is less common. The following
features are purported to help alleviate pressure-induced discomfort. We summarize the various
proprietary features of these devices in terms of four attributes:

1. Ability to ramp up the inspiratory pressure to a target value over some period of time
(e.g., 45 minutes). Most devices have this feature, which purports to help mitigate the
discomfort of positive pressure experienced by some patients.

2. Ability to set the inspiratory and expiratory pressures independently. All devices in the
reviewed device lines have the ability to set the expiratory pressure up to 3 cm of water
lower than the inspiratory pressure. Bilevel devices (BPAP) allow setting inspiratory and
expiratory pressures that differ substantially (by more than 3 cm of water pressure). By
allowing lower air pressure during exhalation, this feature purports to increase comfort by
easing exhalation for patients who need high pressure settings.

3. Ability to titrate pressures dynamically throughout sleep. Some devices have automated
algorithms that can vary the inspiratory pressure (and/or the expiratory pressure, for
BPAP devices) dynamically. This feature may be used for a titration study (to determine
the optimal pressures to set the device) or even during routine use (to allow titration
nightly to adjust for night-to-night variation in an individual patient). The algorithms that
govern pressures are proprietary. To optimize respiratory pressures, devices use signals
from pressure transducers, microphones, and other sensors.®*> These devices are often
referred to as auto-adjusting or autoCPAP.

4. Various advanced add-ons, including the ability to vary settings to target a minimum
breathing rate, or a minimum tidal volume per breath. These features are found in devices
marketed for patients with either obstructive or mixed/central sleep apneas.

Humidity Control

Several devices use heated humidification that may help reduce nasal congestion or dryness
and are purported to thus improve adherence to use.
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Monitoring and Documentation of Use

Devices differ in their ability to automatically detect changes in the monitored signals, infer
and record specific events (e.g., flow limitation, hypopnea, obstructive airway apnea, clear
airway apnea, periodic breathing, respiratory-related arousal, types of snores, and presence and
types of leaks), calculate indices (e.g., AHI), and even record waveforms. Many devices have the
ability to document adherent usage in a tamper-resistant fashion (and communicate these data to
the patient’s provider), which may be needed for insurance coverage.

Communication, Connectivity, and Software Solutions

Most devices offer numerous input/output options through SD (secure digital) cards,
Bluetooth, WiF1i, or cellular modem, giving the ability for daily time submission of data to the
provider. Separate software suites exist for patients and for providers.

Peripherals

All device lines have a large variety of customizable accessories for interfacing with the
patient (e.g., face masks, nasal masks, nasal pillow, custom fits by facial structure), connecting
with the device (tubes and pneumatic plumping components), adding function (humidifiers), and
other features (e.g., rechargeable batteries). In addition, a variety of materials are used with the
goals of minimizing skin irritation and allergies.

Contextual Question 5

What are the patient-centered health outcome goals and symptom relief
goals of CPAP devices?

Patient-centered outcomes are those that patients consider important or relevant. They are a
fundamental aspect of patient-centered outcomes research. They include clinically important
events (such as death, incident diabetes), symptoms (such as sleepiness), surrogate outcomes
commonly measured in clinical practice (e.g., blood pressure, blood sugar), and others. Many
commonly measured patient-reported outcomes, such as (health-related) QoL or sexual function,
may also be considered to be important to patients. In contrast, many outcomes frequently
measured in clinical practice or in research are generally not considered to be patient-centered,
including most specific laboratory measures, although these types of results may be the
biological linkage to health-related QoL.

CPAP treatment has short- and long-term therapeutic goals. The primary short-term goals of
CPAP therapy include alleviating symptoms of fatigue and somnolence; improving activities of
daily living, health-related QoL, and cognitive function; resolving snoring; and reducing the risk
of work or motor vehicle accidents. In addition to continuation of the short-term goals, the
primary long-term goals of CPAP include reducing the risks of a range of chronic disease
outcomes and premature death. Primarily based on large database observational studies, but also
based on physiologic models and animal studies, long-term OSA has been associated with
cardio- and cerebrovascular disease,** *° hypertension,* impaired cognitive function (and
Alzheimer disease),’’ type 2 diabetes,®® anxiety and depression symptoms,® impaired QoL,”° and
impaired sexual function in both men and women.’!°? Although causality has not been
established, preventing or alleviating these outcomes are clinical goals of OSA treatment.
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For most patients, AHI is not a patient-centered outcome, since its exact value is of
secondary importance compared with the clinical sequelae of OSA. However, AHI is commonly
measured to evaluate short-term adequacy or effectiveness of treatment. In clinical practice, a
reduction in AHI is used to set CPAP pressures and, in both clinical and research settings, as a
proxy of the short-term outcome goals. In practice, devices are initially titrated to achieve an
AHI reduction to normal levels, but are subsequently adjusted for comfort and/or to alleviate

persistent symptoms.
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Results

The Results Chapter is organized primarily by Key Question (KQ) and then by outcome
(category). High-level summary tables and forest plots describing overall findings across studies
are included in the main report. Appendixes C and D include detailed summary tables describing
each study and other detailed information.

Overview of the Evidence Base Addressing All Key Questions

The literature database searches yielded 20,804 citations; in addition, we found and screened
the references from 87 existing systematic reviews (SR). From the existing SRs, we found 797
citations to retrieve for further screening. Ultimately 52 primary studies (reported in 80 articles)
were eligible and included. The reasons for exclusion of articles were: duplicate analysis (no
unique data) (590 articles), KQ 2: no apnea-hypopnea index (AHI) change data (258 articles), no
outcome of interest (197 articles), too short followup (145 articles), SR (95 articles), no results
given (78 articles), full text not available (53 articles), KQ 2 participants <30 total (29 articles),
excluded population (28 articles), not primary study (or SR) (17 articles), no comparator of
interest (KQ 1) (13 articles), KQ 1 not continuous positive airway pressure (CPAP) device (14
articles), KQ 1 participants <10/arm (11 articles), not obstructive sleep apnea (OSA) (9 articles),
case-control/cross-sectional study (9 articles), nonrandomized comparative study (NRCS)
without multivariable analysis (KQ 1) (8 articles), and conference abstract (7 citations). See the
literature flow figure in Appendix D (Figure D-1) and the list of rejected unique studies in
Appendix B for more details.

Definitions of Breathing Measures Used Across Studies

Key Points

e Studies were highly inconsistent in the criteria used to define sleep study measures
(apneas, hypopneas, and oxygen desaturation), even among studies stating that
definitions are based on the same standard criteria.

e Most studies (60%) did not fully and explicitly report the definitions of sleep study
measures used.

Findings

As displayed in Table 2, we categorized each of the 52 eligible studies (for both KQs),
including randomized controlled trials (RCTs), NRCSs, and single group (cohort) studies, by the
reported definitions used for apnea, hypopnea, and oxygen desaturation, together with the cited
criteria for evaluating these, and the types of polysomnography (or home sleep study
polygraphy) monitors used. Several issues are evident.

The majority of studies did not explicitly report full criteria or definitions; one-third (17/47,
36%) of studies that evaluated the apnea-hypopnea index (AHI) (excluding 5 studies that
evaluated only oxygen desaturation index [ODI] or were registry studies without AHI data)
omitted any explicit apnea or hypopnea definitions; only 19 of 47 (40%) fully explicitly reported
apnea and hypopnea definitions.

The reported actual criteria (thresholds used) are highly heterogeneous across studies, with
few studies using the same sets of criteria. Among the 47 studies that reported at least some
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apnea or hypopnea definitions, 13 defined apnea as 100 percent airflow cessation, but 8 used
lower thresholds down to 75 percent (well within the definition of hypopnea used by most
studies). Among the 20 studies that explicitly reported hypopnea criteria (and used a single
hypopnea definition), almost half (9/20) required at least 50 percent airflow cessation and about
half allowed at least 30 percent (or in one case 25%) airflow cessation. There was similar
heterogeneity in minimum thresholds to define oxygen desaturation. Among 35 studies that
explicitly reported oxygen desaturation thresholds (either as part of the hypopnea definition or to
determine ODI), a bit more than half (20/35, 57%) used a 4 percent desaturation threshold and
about one third (13/35, 37%) used a 3 percent threshold. One study used a 3 percent threshold to
define hypopnea, but a 4 percent threshold to define ODI. One study used a 3 percent threshold
for their OSA definition of AHI >15, but a 4 percent threshold for their OSA definition of AHI
>10.

Among the 32 studies that cited published criteria to define apneas or hypopneas, 26 (81%)
cited some version of the American Academy of Sleep Medicine (AASM) criteria. However,
among the 17 that cited AASM criteria and explicitly reported apnea, hypopnea, or oxygen
desaturation definitions, there was no discernable consistency in choice of a threshold and
citation of a specific AASM version. For example, among the eight studies that cited the ASSM
1999 criteria, three explicitly defined apnea as 100 percent airflow cessation and two used a 90
percent threshold (3 did not report an apnea definition). Among the six studies that cited the
AASM 1997 criteria, three each used either a 3 percent or a 4 percent threshold to define oxygen
desaturation. However, it is important to note that it was generally unclear whether authors were
citing the AASM (or other criteria) as the source for the set of criteria used or to cite a specific
criterion (e.g., only hypopnea).

As will be described more fully in the following section, Key Question 1: CPAP Versus No
CPAP Treatment Effect, we could not discern whether the clinical findings of studies (i.e., effect
sizes for specific health outcomes) differed in relation to how apnea, hypopnea, ODI, or OSA
were defined. For most health outcomes, studies were statistically homogeneous (the effect sizes
did not significantly differ from each other) and/or estimates were imprecise. Therefore, possible
differences in results could not be elucidated based on any participant or study characteristic,
including definition of sleep study measures and OSA.
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Table 2. Apnea, hypopnea, and desaturation criteria used by eligible studies.

Study PMID DesignA Monitor Type Apnea Hypopnea Hypopnea ODI Desaturation | Criteria Cited
Threshold Threshold Desaturation % %
Barbé 2012 22618923 RCT CPAP vs No Il home n/a
Lindberg 2012 22499826 Cohort Il home
Meurice 2007 17638595 RCT CPAP vs. CPAPA NR AASM 1997
Tegelberg 2012 23620682 Cohort Il home n/a AASM 1999
Campos-Rodriguez 2005 NRCS CPAP vs No I lab or lll home nla NR
16100147
Crawford-Achour 2015 NRCS CPAP vs No Il home 3% NR
25700873
ONSLEEP 33006309 NRCS CPAP vs No I lab n/a NR
Sforza 2017 28225159 Cohort Il home n/a AASM 1999
Jaoude 2014 24452812 Cohort I lab n/a AASM 1999
Navarro-Soriano 2021 NRCS CPAP vs No I lab n/a SNCSAHS 2005
32029279
Wu 2015 (Beijing) 25412159 | NRCS CPAP vs No lor Ill lab n/a Other
Peppard 2000 10805822 Cohort I lab nla NR
Corral 2017 28636405 RCT Other¢ | lab or Il home NR 3% n/a AASM 2007
Pelletier-Fleury 2004 RCT CPAP vs No llab NR 3% nla Other
14738231
ISAACC 31839558 RCT CPAP vs No I lab NR 4% nla SNCSAHS 2005
Berg 2020 32665778 RCT CPAP vs Other IIl lab or hotel 3% AASM 2007
RICCADSA 26914592 RCT CPAP vs No Il home 90% 1: 50% 1: n/a (not used) AASM 1999
2:30% 2:4%
Banhiran 2014 24458949 NRCS Other¢ NR 90% 30-89% AASM 2007
Huang 2015 25125635 RCT CPAP vs No I lab 90% 30-90% nla AASM 1999
Lopez-Padilla 2016 27198943 | NRCS CPAP vs No I lab or Ill home 90% 30-90% 3% n/a AASM 2007 or
SNCSAHS 2005
Uchda 2017 28823814 Cohort IIl home 90% 30% 3% AASM 2012
Bjornsdottir 2015 25431105 NRCS CPAP vs No Il home 80% 1: 50% 1: n/a (not used) NR
2: 30% 2:4%
Lisan 2019 30973594 NRCS CPAP vs No Il home 75% 25-69% n/a NR
Bloch 2017 28982804 RCT CPAP vs. CPAP A I lab or Il home NR 3% n/a AASM 1999
Ou 2015 26068440 NRCS CPAP vs No I lab or Il home NR 1:>50% 1: n/a (not used) AASM 1999
2:<50% 2:3%
Hasselbacher 2018 29808422 Cohort Il home NR 30% n/a AASM 2007
Woodson 2018 29582703 Cohort I lab NR 30% n/a AASM 2007
BestAIR 28419387 RCT CPAP vs Sham I lab or Il home NR NR 3% or 4% NR
MOSAIC 23111478, 24508706 | RCT CPAP vs No Il or IV home NR NR NR
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Study PMID DesignA Monitor Type Apnea Hypopnea Hypopnea ODI Desaturation | Criteria Cited
Threshold Threshold Desaturation % %

de Ruiter 2018 28913630 RCT Other© Tlab NR NR NR AASM 2012

SAVE 27571048, 25669180 RCT CPAP vs No Ill home nla nla n/a NR

PREDICT 25172769 RCT CPAP vs No NR home NR NR NR Other

Gagnadoux 2017 28947040 NRCS Other¢ IIl home NR NR NR 3% AASM 2007

Lin 2015 25766707 Cohort IV home n/a n/a n/a 3% n/a

Shaw 2016 26926656 RCT CPAP vs No Il home NR NR NR 3% NR

Aarab 2017 28083705 RCT CPAP vs No vs NR NR NR NR nla AASM 1999
Other?P

Botros 2009 19958890 NRCS CPAP vs No | lab NR NR NR n/a AASM 1999

Budweiser 2013 23088487 NRCS CPAP vs No | lab NR NR NR n/a AASM 1999

Chang 2020 32421898 NRCS CPAP vs No NR NR NR NR na NR

de Vries 2019 31596213 RCT CPAP vs. OtherP I lab or [l home NR NR NR n/a AASM No date

Femandez-Julian 2017 29152745 NRCS Other¢ Il home NR NR NR nfa AASM 2012

Jara 2018 29800001 NRCS CPAP vs No | lab NR NR NR NR

Jennum 2015 25914563 NRCS CPAP vs No Any n/a n/a n/a n/a n/a

Kingshott 2000 10712335 Cohort I'lab or Il home NR NR NR NR NR

Kushida 2011 21804670 RCT CPAP vs. CPAP A NR NR NR NR NR NR

APPLES 23204602 RCT CPAP vs Sham I lab NR NR NR nla AASM 1999

Lau 2013 23766914 Cohort NR NR NR NR NR NR

Lin 2006 16735919 Cohort NR NR NR NR NR NR

Monasterio 2001 11587974 RCT CPAP vs No | lab or Il home NR NR NR nla Other

Myllyld 2019 30848437 NRCS CPAP vs No I lab or NR home NR NR NR n/a AASM 1999

Schipper 2017 28550476 NRCS CPAP vs No I lab or Il home NR NR NR n/a AASM 2007

Schulz 2019 29773460 Cohort | lab NR NR NR nla NR

Sheth 2021 33729910 NRCS CPAP vs No NR NR NR NR n/a NR

Wu 2016 (Yangzhou) RCT CPAP vs No I lab or Il home NR NR NR NR AASM 2007

26993342

Studies ordered by 1) apnea threshold; 2) hypopnea threshold, minimum; 3) hypopnea desaturation threshold (each highest to lowest, then NR or n/a).
Monitor types are indicated and color coded by lab (light blue), home (light purple), either lab or home (light orange), any (no shading), or NR (light grey).
Highest thresholds are color coded in red (apnea 100%, hypopnea 50%, desaturation 4%).
Lower thresholds are color coded in orange (apnea 90%, hypopnea 30%, desaturation 3%).
Lowest thresholds are color coded in yellow (apnea <90%, hypopnea <30%).
Variable definitions, when multiple criteria were used are color coded in peach.
The AASM criteria are colored in shades of --grey, with brighter/bluer shades indicating more recent years. Spanish National Consensus in Sleep Apnea-Hypopnea Syndrome

criteria are colored in green. Other criteria are colored in pink.

The shading and text format in cells do not provide unique information not included in the table text. RCTs of CPAP versus no (or sham) CPAP are in bold, larger font. NRCSs of
CPAP versus no CPAP are in italic, larger font. Other included studies are in smaller font.

The subtlety of whether a threshold was greater than (>) or greater than or equal to (>) is omitted.
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Abbreviations: AASM = American Academy of Sleep Medicine, n/a = not applicable, Cohort = single-group cohort analysis,
CPAP = continuous positive airway pressure, NR = not reported, NRCS = nonrandomized comparative study, ODI = oxygen
desaturation index, PMID = PubMed Identifier, RCT = randomized controlled trial, SNCSAHS = Spanish National Consensus in
Sleep Apnea-Hypopnea Syndrome.

A Randomized controlled trials of CPAP vs. no CPAP are in bold, larger (10 point) font. Nonrandomized comparative studies
(with adjustment for potential confounders) of CPAP vs. no CPAP are in italic, larger (10 point) font.

B Or other positive airway pressure, such as auto-adjustable.

€ Not a comparison of CPAP.

D E.g., CPAP vs. mandibular advancement device.

Key Question 1: CPAP Versus No CPAP Treatment Effect

Key Points

e Comparative studies (RCTs and adjusted NRCSs) provide, at best, low strength of
evidence (SoE) on the effect of CPAP on long-term health outcomes. We did not evaluate
sleepiness, other symptoms, or other important outcomes such as intermediate outcomes
(including blood pressure and glucose). We did not evaluate other study designs,
including comparisons between patients with OSA who use CPAP and healthy controls
or pre-post studies.

e 31 studies (14 RCTs and 17 NRCSs) compared CPAP with no CPAP, of which 12 RCTs
primarily reported intention-to-treat (ITT) analyses, 6 NRCSs provided “as-prescribed”
analyses (of all patients prescribed vs. not prescribed CPAP), and 13 (2 RCTs and 11
NRCSs) provided analyses of CPAP adherent patients versus nonadherent or nonusers.
Two RCTs used sham CPAP as the comparator.

e Few comparative studies were explicitly powered for long-term health outcomes: 3 RCTs
were designed to be powered for composite cardiovascular (CV) outcomes (SAVE,
RICCADSA, ISAACC); however, RICCADSA was ultimately underpowered. One RCT
(APPLES) was powered for neurocognitive outcomes. No eligible study was explicitly
powered for any other outcome. Patients enrolled in RCTs had variable, but generally
poor adherence; where reported, between 35 and 64 percent of patients used their devices
for at least 4 hours per night (at least 70% of nights). The NRCSs that reported “as-
prescribed” analyses mostly did not have data related to CPAP adherence. The NRCSs
that reported analyses of CPAP users versus nonusers mostly compared adherent users
(>4 hours/night) to those who used their devices less.

e Five RCTs did not provide evidence that CPAP reduces the risk of all-cause death (low
SoE). The RCTs included patients with moderate or severe OSA (AHI >15) who were
mostly at increased risk of CV death, but without excessive daytime sleepiness. The
RCTs were at moderate risk of bias. The studies had relatively short duration of followup
(2 to about 5 years) and provided a nonsignificant summary estimate (effect size [ES]
0.89, 95% CI1 0.66 to 1.21).

o Inclusion of six NRCSs (with about 3 to 11 years of followup) adjusted for various
potential confounders in propensity analyses or logistic regression suggests that
CPAP may be associated with decreased risk of all-cause mortality in longer-term
followup among all adults with moderate to severe OSA, with or without sleepiness
symptoms (low SoE).

o The overall summary ES (RCTs and NRCSs combined) was 0.61 (95% CI 0.49 to
0.76).
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o Both within RCTs and across RCTs and NRCSs, ITT analyses (of RCTs) or “as-
prescribed” analyses (of patients prescribed CPAP in NRCSs) yielded similar
summary ESs as analyses of adherent versus nonusers.

o Comparative studies (both RCTs and adjusted NRCSs) provide insufficient
evidence to support whether effect sizes may differ in different subgroups of
patients, including by severity of OSA (as assessed by AHI or similar measures),
severity of symptoms (e.g., as measured by Epworth Sleepiness Scale [ESS]), age,
other risk factors or comorbidities.

Four RCTs do not provide evidence that CPAP reduces the risk of CV mortality (low
SoE). Addition of one NRCS does not change the conclusion; the overall summary ES
was imprecise (0.79, 95% CI1 0.50 to 1.26; low SoE).

Five RCTs do not provide evidence that CPAP affects the risk of stroke (summary ES
0.99, 95% C10.73 to 1.34; low SoE) or of acute myocardial infarction (summary ES
1.05, 95% CI1 0.78 to 1.41; low SoE). Both summary ESs are imprecise. One NRCS did
not alter the conclusion regarding stroke.

Four RCTs do not provide evidence that CPAP affects the risk of atrial fibrillation
(AFib). The summary ES was imprecise (0.94, 95% CI 0.58 to 1.51; low SoE).

Seven RCTs do not provide evidence that CPAP affects the risk of various composite CV
outcomes. Effect sizes were mostly imprecise and ranged from 0.42 to 1.10 across
studies, all statistically nonsignificant (low SoE). Six of the RCTs were evaluated as ITT
analyses of all users, in which adherence ranged from 35 to 64 percent. Additional
evidence from five NRCSs adjusted for various potential confounders in propensity score
analyses or logistic regression did not change this conclusion. The range of ESs among
the NRCSs was similar to that of the RCTs (0.38 to 0.88; 2 of which were statistically
significant). The NRCSs all evaluated adherent CPAP users.

There is insufficient evidence regarding the effect of CPAP on other CV outcomes,
including transient ischemic attacks (TIA), angina-related outcomes, coronary artery
revascularization, congestive heart failure (CHF) outcomes, or AFib. For each outcome,
there were sparse studies and/or effect estimates were highly imprecise.

Two RCTs provide low SoE that CPAP does not affect the likelihood of driving accidents
after 1 or about 3 to 4 years of use.

Three RCTs do not provide evidence that CPAP affects the risk of incident type 2
diabetes mellitus (DM); the summary ES was imprecise (1.02, 95% CI 0.69 to 1.51; low
SoE). An additional adjusted NRCS, though statistically significant, does not alter the
conclusion (overall summary ES 0.88, 95% CI 0.57 to 1.35).

Comparative studies do not provide evidence that CPAP results in clinically meaningful
changes in depression symptoms (4 RCTs), anxiety symptoms (4 RCTs), executive
cognitive function (4 RCTs and 1 NRCS), or quality of life (QoL, 10 RCTs and 1
NRCS); although the small differences were statistically significant (all low SoE).

There is insufficient evidence regarding the effect of CPAP on other outcomes, including
hypertension (HTN), sexual function, and days of work missed. For each outcome, there
were sparse studies, effect estimates were highly imprecise, and/or studies reported
highly inconsistent results. We did not evaluate sleepiness or intermediate outcomes.
Based on the evaluated long-term, comparative studies, there is insufficient evidence
regarding the risk of adverse events specific related to CPAP use.
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e Comparative studies do not provide evidence regarding whether CPAP use is more (or
less) effective in any specific subgroup. For all health outcomes, studies provide
insufficient evidence to suggest whether the effect of CPAP on all-cause mortality varies
by baseline AHI, age, body weight, or pulmonary function. Within and across studies,
associations did not clearly or consistently differ based on diagnostic criteria for OSA,
definitions of AHI and other sleep study measures, or whether analyses were based on
CPAP prescription (e.g., ITT analyses) or CPAP adherence.

Evidence Base

Thirty-one studies (in 46 publications) compared CPAP with no (or rarely sham) CPAP
treatment. Their design, eligibility criteria, adherence information, and reported outcomes are
summarized in Table 3. These included 14 RCTs!>%3-11% and 17 NRCSs'?*!% with multivariable
adjustments for outcomes of interest. The 14 RCTs included a total of 7449 participants. One of
the NRCSs was relatively large (n = 25,389); the remaining 16 NRCSs included 9073
participants. Among the 17 NRCSs, 3 used propensity score matching, which attempts to make
treatment and non-treatment groups comparable with respect to factors that predict each
individual’s likelihood of using CPAP. The remaining 14 NRCSs used traditional logistic
regression multivariable analyses to control for specific possible confounders. However, it is
unclear whether the NRCSs, particularly those that reported adherent analyses, could have fully
accounted for possible biases related to self-selection regarding CPAP use and adherence.

Study eligibility criteria were variable across studies. Among the 14 RCTs, 5 included adults
with OSA regardless of other major comorbidities,” °7 105108109 5 were restricted primarily to
participants with cardiovascular disease (CVD) or cerebrovascular disease (CeVD) (1 post-
revascularization'!?),12- 101-103. 112 3 ey clyded patients with CVD (1 also with CV risk
factors!!?),”% 104119 and 1 was restricted to patients with type 2 DM.!'® One RCT was restricted
to older adults (>65 years)'” and 7 trials excluded older patients (>65-75 years).!2 %% 101,102,105,
108, 119 Most of the 14 RCTs included patients with at least “moderate” OSA (e.g., AHI >15); 1
RCT (Monasterio 2001'%) excluded patients with “severe” OSA (AHI >30) and a single study
was restricted to patients with “severe” OSA (the SAVE study in which their measure of ODI
>12 was determined to be equivalent to AHI >30).!2

Only 5 of the 17 NRCSs restricted their participant samples by comorbidities: 1 was
restricted to patients who recently had percutaneous coronary intervention with a drug-eluting
stent,'** 1 excluded patients with CVD or CeVD or CV risk factors,'?* 1 included only patients
with HTN,'? 1 included only patients with type 2 DM,'** and 1 excluded patients with DM.!?!
Among the NRCSs, 3 were restricted to older adults (>60, 65, or 80 years).!?* 127- 132

Eighteen of the studies (12 RCTs, 6 NRCSs) compared participants who were prescribed
CPAP with those not prescribed CPAP or given a sham CPAP device (ITT in RCTs, “as-
prescribed” analyses in NRCSs). Thirteen studies (2 RCTs, 11 NRCSs) compared adherent
CPAP users mostly with all nonusers, including both those who never started CPAP and those
who were nonadherent. Two RCTs gave the control participants sham CPAP devices.”>% 100 101

Each study is described in some detail, including study design, analysis type (ITT/“as-
prescribed” vs. adherent), eligibility criteria, participant characteristics, reported power analyses,
and risk of bias concerns. Full design and arm details, baseline details, and risk of bias details for
all included studies are in Appendix C, Tables C-1 through C-8.

As is presented in summary tables below and discussed in various outcome-specific sections,
adherence with CPAP use varied across studies. We were unable to discern any obvious patterns
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across studies regarding low versus high lack of adherence, including duration of the studies.
Among the 13 RCTs that reported on adherence, 6 reported adherence rates of 35 to 43 percent
(at 6 months in 3 RCTs, 12 months in 1 RCT, and at means of 40 and 44 months in 2 trials),!>°”
101, 103,105,109 3 RCTs reported adherence rates of 60 to 64 percent (at 6 months and 1 and 4
years),” 12118 and 1 RCT reported an adherence rate of 86 percent (at 3 years).!%?> Average
CPAP usage varied from 2.5 to 5.8 hours per night. None of the eligible RCTs evaluated reasons
why participants were nonadherent. Three RCTs (APPLES, Barbé 2012, and ISAACC) reported
that adherent CPAP users were heavier (or had larger neck circumference) and had more
abnormal sleep study measures (such as higher AHI, lower minimum oxygen saturation, or
longer sleep latency).””- 9% 103

Of note, in regards to Key Question 1b (within-study concordance between apnea and
hypopnea indices, sleep questionnaires, and health outcomes), no study reported within-study
correlations among outcomes (e.g., effect on AHI and effect on all-cause mortality). Our analysis
of these potential correlations across studies is described in the section, below, Key Questions 1b
and 2: Intermediate and Surrogate Measures.

Also note that where each included study is described for the first time (in detail), we have
put the study or author/name in bold font to assist the reader to find the relevant description
when the study is included in subsequent sections.
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Table 3. Summary of design and reported outcomes for CPAP versus no CPAP studies
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Study Design Analysis 2 | 3| Population | & = ESS Adherence |Z 3| &|Z1&1&|5E|8l&|zlals] 8 o |8 5
Aarab 2017°% %4 RCT ITT 37 | 6 All none >5 >10 83% noc (6 mo) X X
APPLES?S98 RCT (sham)|ITT 1098 | 6 Al none| >10 none | 42% (6 mo) °thpers ;‘gﬂ
Barbé 2012%° RCT ITT 723 |48 No CVD <70 220 <10 64% (48 mo) | X | X X X X .
BestAIR!%0 101 RCT (sham)|ITT 169 | 12 CVD 45-75 >10 none 43% (6 mo) . . SF-36
Huang 201592 RCT As-treated 83 |36 CcVD 45-75 >15 none 86%(36mo) | . |.|.|.[.|.|.].]|xX X | X .
ISAACC!03 RCT ITT 1255 |40 | CVD (ACS) | none >15 <10 38% (40mo) | X [ X | X[X|X|X[X|X]|P X . EQ-5D
Monasterio 2001'%* RCT ITT 125 | 6 NoCVD | none 10-30 not severe | 4.8 hr/noc T™MT FOSQ
SF-36
MOSAIC!05-107 RCT T 188 | 60 All 45.75| >7.5(0D) | <10 38% (6mo) | X X EQ-5D
SAQLI
Pelletier-Fleury 2004'%  |RCT As-treated 171 | 6 All <70 NR none 4.8-5.5 hr/noc T™T
PREDICT!%® RCT ITT 231 | 12 All >65 | >7.5(0DI) 29 35% (12 mo) X|X|X X|X|X X 'Yll'miE SAQLI
RICCADSA!!0-113 RCT ITT 244 | 57 |CVD (revasc) | none >15 <10 60% (12mo) | X | X | X |X X P X SF-36 .
>30 SF-36 Missed
12, 114-117 N o
SAVE RCT ITT 2687 | 44 CVvD 45-75 (0DI 212) <16 42% (44 mo) [ X [ X[ X|X[X|X|X[X]|P|X X| X EQ-5D work
Shaw 2016''8 RCT ITT 302 | 6 DM none | >15 (ODI) none 61% (6 mo) . SF-36
Wu 2016 (Yangzhou)'!® |[RCT ITT 136 | 6 |No CVD or RF|30-65 >15 none NR MMSE .
Bjornsdottir 2015'20 NRCS Adh vs. nonuse 562 | 24 All none >15 none 100% (pp) . SF-12
Botros 2009'2! NRCS Adh vs. nonuse®r | 266 |32 No DM none >20 none NR X .
Budweiser 20132 NRCS Adh vs. nonuse 83 |36 All none NR none NR X
(Zigomsplgs-Rodnguez NRCS Adh vs. nonadh 749 | 48 All none >10 none variable X
Chang 2020'3¢ NRCS (ps) |As-prescribed 1918 | 59 All none NR none NR X .
Crawford-Achour 2015'24|NRCS As-prescribed 126 (120 NoCVD 265 >30 none NR MI"\I\;II?E
Jara 2018'5! NRCS Adh vs. nonuse 182 | 12 All none >5 none 100% (pp) . X
Jennum 201525 NRCS As-prescribed 25389| 36 All none NR none NR X
Lisan 2019'26 NRCS (ps) |As-prescribed 255 (133 All 40 NR none NR X
Lépez-Padilla 2016'%7 NRCS Adh vs. nonuse® | 155 | 53 All >80 >20 none 100% (pp) X .
Myllyld 2019'28 NRCS Use vs. nonuse® | 2060 |104 All none >15 none 100% (pp) X .
Navarro-Soriano 2021'% |NRCS Adh vs. nonuse® | 163 |58 HTN none >15 none 100% (pp) L. X[ X|X X
ONSLEEP!30. 131 NRCS (ps) |As-prescribed 1274 | 79 All none >5 none NR X | X
Ou 2015'32 NRCS As-prescribed 124 | 60 All >60 >20 none 67% (60 mo) | X .
01 NRCS Adh vs. nonadh 283 |71 All none >5 none 100% (pp) . X
Sheth 2021134 NRCS Adh vs. nonadh 578 |30 DM none NR none 100% (pp) X . X
Wu 2015 (Beijing) '3 NRCS Adh vs. nonuse? 295 | 60 | CVD (revasc) | none >15 none 100% (pp) X X
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A and nonadherent users.

B Long-term CPAP users versus those who discontinued CPAP.
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Abbreviations: . = outcome not reported, ACS = acute coronary syndrome, Adh = adherent, AHI = apnea-hypopnea index
eligibility criteria, AMI = acute myocardial infarction, CHF = congestive heart failure, CV = cardiovascular, CVD =
cardiovascular disease, DM = diabetes mellitus, EQ-5D = EuroQoL-5D scale, ESS = Epworth Sleepiness Scale eligibility
criteria, FOSQ = Functional Outcomes of Sleep Questionnaire, hr = hour(s), HTN = hypertension, ITT = intention-to-treat,
MMSE = Mini-Mental State Exam, mo = months, noc = night(s), nonadh = nonadherent, NR = not reported, NRCS =
nonrandomized comparative study, ODI = oxygen desaturation index, P = outcome for which study was powered (RCTs colored
bright orange, NRCSs colored bright green), pp = per protocol, ps = adjusted with propensity score, QoL = quality of life, QWB
= Quality of Well-Being, RCT (sham) = RCT using sham device comparator, RCT = randomized controlled trial, revasc =
coronary revascularization, RF = cardiovascular risk factors, SAQLI = Sleep Apnea Quality of Life Index, SF = Short Form, TIA
= transient ischemic attack, TMT = Trail Making Test (A or B), X = outcome reported (RCTs colored orange, NRCSs colored
green), The trial acronyms are defined in the text.

Mortality and Cardiovascular Outcomes (CPAP Versus No CPAP)

Table 4 summarizes the evidence from RCTs and adjusted NRCSs regarding the effect of
CPAP (versus no CPAP) on long-term mortality and CV outcomes. In brief, comparative studies
provide at most low SoE for all CV outcomes. The low SoE for the conclusions suggests that we
have limited confidence that the summary estimates (and their confidence intervals) are close to
the true effect. Additional evidence is needed before concluding that the findings are stable or
that the estimate of effect is close to the true effect.

We conclude that the RCTs do not provide evidence of an effect of CPAP on long-term all-
cause mortality, CV death, stroke, myocardial infarction, or a heterogeneous collection of
composite CV outcomes. However, analyses of adherent CPAP users within RCTs and adjusted
NRCS analyses of both all CPAP users and adherent users found associations between CPAP use
and reduced mortality. Thus, we conclude that comparative studies (RCTs and adjusted NRCSs),
together, are associated with reduced mortality (again, with low SoE, suggesting that future trials
are needed to determine the accuracy of the conclusion). NRCSs did not alter conclusions for
other CV outcomes. There is insufficient evidence from comparative studies for TIAs, angina,
coronary artery revascularization, and CHF.
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Table 4. Evidence profile for CPAP versus no CPAP: Mortality and cardiovascular outcomes

Outcome Study No. Risk of Bias  Consistency Precision Directness  Other Overall SoE Conclusion
Design Studies Statements
(Subjects) Summary ES/NNT
(95% Cl)
Death, all-cause ~ RCT (ITT) 5 (5097) Moderate Consistent Imprecise Indirect None Low No evidence of effect
0.89 (0.66, 1.21)
NNT 268
(NNH 142, NNT 86)
RCT 2 (2650) Moderate Consistent Imprecise Indirect None notevaluated  Possible assn with
(adherent reduced death
users) 0.73(0.51,1.04)
adj NRCS 4(28,453)  Moderate Consistent Precise Direct None not evaluated  Assn with reduced
(as- death
prescribed) 0.55(0.42,0.74)
adj NRCS 2(904) High Consistent Precise Indirect None not evaluated ~ Assn with reduced
(adherent death
users) 0.41(0.26, 0.64)
Overall 11(34,454)  Moderate Inconsistent Precise Direct None Low CPAP may reduce
death
ITT/as-prescribed 0.66
(0.53, 0.81)
Users 0.55 (0.38, 0.81)
Death, RCT 4 (4909) High Consistent Imprecise Direct None Low No evidence of effect
cardiovascular ES 0.99 (0.64, 1.53)
NNT 5656
(NNH 108, NNT156)
adj NRCS 1(2558) High N/A Precise Direct Single study not evaluated  No conclusion
Overall 5 (7457) High Consistent Imprecise Direct None Low No evidence of effect
ES 0.79 (0.50, 1.26)
Stroke RCT 5(5140) Moderate Consistent Imprecise Direct None Low No evidence of effect
ES 0.99 (0.73, 1.35)
NNT 5364
(NNH 154, NNT 198)
adj NRCS 1(1918) High N/A Imprecise Direct None not evaluated
Overall 6 (7058) Moderate Consistent Imprecise Direct None Low No evidence of effect
ES 0.90(0.70, 1.17)
TIA RCT 4 (4891) Moderate Consistent Highly imprecise  Direct None Insufficient No conclusion
AMI RCT 5 (5140) Moderate Consistent Imprecise Direct None Low No evidence of effect

ES 1.05 (0.78, 1.41)
NNH 653
(NNH 80, NNT 147)
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Outcome Study No. Risk of Bias  Consistency Precision Directness  Other Overall SoE Conclusion
Design Studies Statements
(Subjects) Summary ES/NNT
(95% CI)
Angina A RCT 3(4172) Moderate Consistent Imprecise Direct Sparse A Insufficient No conclusion
Revasculariza- RCT 2 (1499) Moderate Consistent Precise Direct Sparse © Insufficient No conclusion
tion, coronary adj NRCS 1(295) Moderate N/A Precise Direct Single study Insufficient No conclusion
artery ® Overall 2(2982) High Inconsistent Imprecise Direct None Insufficient No conclusion
CHFE RCT 3 (4665) Moderate Consistent Highly imprecise  Direct Sparse E Insufficient No conclusion
adj NRCS 1(163) High N/A Highly imprecise Direct Single study Not evaluated  No conclusion
Overall 4(4828) Moderate Consistent Highly imprecise Direct Sparse Insufficient No conclusion
AFib RCT 3 (4173) Moderate Consistent Imprecise Direct None Low No evidence of effect
ES 0.89 (0.48, 1.63)
NNT 223
(NNH 42, NNT 48)
adj NRCS 1(163) High N/A Highly imprecise Direct Single study Not evaluated  No conclusion
Overall 4 (4336) Moderate Consistent Imprecise Direct None Low No evidence of effect
ES 0.94(0.58, 1.51)
Composite CV RCT 7 (5401) High Consistent Imprecise Indirect F Clinical heterog Low No evidence of effect
outcomes ES range 0.42-1.10
(allNS) ©
Range NNH 63 to NNT
10
adj NRCS 5(3337) High Inconsistent Precise Indirect F Clinical heterog not evaluated =~ CPAP associated with
lower risk (in patients
not restricted by CV
history), but no
evidence of effect in
patients with CV risk
~0.37 Hand 0.83
Overall 12 (8738) High Inconsistent Imprecise Indirect * Clinical heterog Low No evidence of effect

Evaluations of RCT evidence base are in bold font. Evaluations of all studies (RCTs and adjusted NRCSs together) are in italic font.

Abbreviations: adj NRCS = adjusted nonrandomized comparative studies, AFib = atrial fibrillation, AMI = acute myocardial infarction, Assn = association, CHF = congestive
heart failure, CI = confidence interval, Clinical heterog = clinically heterogeneous (e.g., different populations, eligibility criteria), CV = cardiovascular, ES = (summary) effect
size, HR = (summary) hazard ratio, N/A = not applicable, NNH = (summary) number-needed-to harm, NNT = (summary) number-needed-to-treat, NS = not statistically

significant, OR = (summary) odds ratio, RCT = randomized controlled trials, sig = statistically significant, SOE = strength of evidence.

A One study reported on risk of incident angina and two studies reported on risk of hospitalization for unstable angina, providing an imprecise estimate.

B An additional RCT (SAVE) also evaluated risk of any major artery revascularization; as a unique study, it provided insufficient evidence.

€ Each study evaluated a similar, but distinct outcome (revascularization in patients with acute coronary syndrome, repeat coronary revascularization in patients with prior

revascularization).
D Inconsistent findings regarding repeat revascularization.
E Two studies reported on risk of incident CHF and two studies reported on risk of hospitalization for CHF.
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F Each study with a unique (though overlapping) composite CVD outcome.
G Meta-analysis not conducted due to clinical heterogeneity of outcomes. This range excludes one highly imprecise estimate.
H Inverse of reported adjusted HR (which was analyzed as no CPAP vs. CPAP).

Thirteen studies, including six RCTs and eight NRCSs with adjustment for confounding
evaluated one or more mortality or CV event outcomes. (Unadjusted analyses of specific
outcomes from otherwise eligible NRCSs are omitted.) For studies reporting mortality and CVD
outcomes, we provide a brief description of each study, first RCTs then NRCSs, in alphabetical
order. Throughout the report, the name (or first author and publication date) of each study is in
bold text in the paragraph with the brief study description.

Randomized Controlled Trials

Barbé 2012 randomly allocated relatively young, otherwise healthy participants to CPAP (n
=357) or no CPAP (n = 366) for 4 years.”” The trial was conducted and analyzed with an ITT
approach, in which all participants were analyzed based on their allocated (i.e., prescribed)
intervention. Participants were included if they had AHI >20, with no daytime hypersomnolence
(ESS <10), and were 70 years of age or less. Participants were excluded if they had CVD or other
chronic disease. Despite randomization, the median baseline AHI differed between the two arms
(CPAP 42, no CPAP 35, P<0.1). The mean baseline ESS in both arms was 6.5. The two arms
were similar in terms of age (mean: 51.9 years) and gender (males 85.6%). Most participants
were obese (mean body mass index [BMI] 31.2 and mean neck circumference 42.2 cm). At
baseline, 51.6 percent of the participants had HTN. Somewhat more CPAP users were current
smokers than non-CPAP users (32% vs. 26%, P<0.1). The study was powered based on
combined incident CVD event or HTN, which was not an outcome of interest for the current
report. At 4 years, 64 percent of CPAP users were adherent (>4 hours/night); median CPAP
usage was 5.5 hours per night (IQR 2.2 to 6.3). The study was rated as high risk of bias due to
failure to account for baseline differences in AHI (and time with oxygen saturation <90%)
between groups and lack of participant or clinician blinding (although outcome assessors were
blinded).

Huang 2015 randomly allocated 83 participants to CPAP (n =42) and no CPAP (n =41) for
a median of 3 years.!? Participants who were allocated to CPAP but had poor adherence (mean
CPAP use <4 hours/night) were excluded from analysis. This applied to 9.5 percent (4/42) of
participants randomized to CPAP. However, some additional results data were reported for some
of the excluded participants (where feasible, we included these data). Overall, the study was
analyzed on “as-treated” groups. Participants were included if they had both coronary artery
disease (CAD) and uncontrolled HTN on treatment, and at least “moderate” OSA (AHI >15); all
participants were 45 to 75 years of age, with a mean age of approximately 62 years. Most
participants were overweight, with a mean BMI of 27.7 and a mean neck circumference of 41.1
cm. The study was not explicitly powered for any health outcome (but instead for a 5 mmHg
drop in systolic blood pressure). The study was rated as moderate risk of bias due to lack of
participant or clinician blinding (although outcome assessors were blinded).

The ISAACC trial (Impact of Sleep Apnea syndrome in the evolution of Acute Coronary
syndrome) randomly allocated participants with OSA (AHI >15) to CPAP treatment (n = 629) or
usual care (n = 626) for a median of 3.4 years.!*® The trial was conducted and analyzed with an
ITT approach; participants were not excluded from analysis based on CPAP adherence. The trial
also reported a propensity-score matched analysis of adherent CPAP users. Participants were
adults who had been admitted to hospital for acute coronary syndrome who were found to have

38



OSA but had an ESS score of <10 (not excessive daytime sleepiness). The mean baseline AHI
was similar between the two groups (CPAP 36.4, no CPAP 35.5), as were mean ESS (5.3), age
(60 years), gender (males 84%), and BMI (29.5). Participants in the two groups had similar
prevalence of preexisting diseases, including HTN (56%), DM (26%), and stroke (3%).
Adherence was poor, with a mean of only 2.8 hours of use per night (median 2.2 hours); only 38
percent of those assigned to CPAP had good adherence (mean >4 hours/night). The study was
powered for a composite outcomes of CV death or nonfatal acute myocardial infarction, stroke,
hospitalization for CHF, unstable angina, or TIA. The study was rated as moderate risk of bias
due to lack of participant or clinician blinding (with no mention of outcome assessor blinding).

A substudy of the MOSAIC (Multicentre Obstructive Sleep Apnoea Interventional
Cardiovascular) trial evaluated 188 participants who were randomly allocated to CPAP (n = 94)
or no CPAP (n = 94) for 2 years.'%” The trial was conducted and analyzed with an ITT approach.
The complete MOSAIC trial included 391 participants.'® All 391 participants in the original trial
were followed for 6 months while only 188 of them were followed for 2 years. Participants were
included if they were 45 to 75 years of age, had confirmed OSA (ODI >7.5), and either no
sleepiness symptoms (ESS<10) or sleepiness symptoms that were “not accompanied by patient
concerns.” The median ODI in the two arms were similar (CPAP 10.2, no CPAP 9.4) as was
mean ESS (CPAP 7.9, no CPAP 8.0). Participants were on average 58 years old, 76 percent were
male, and participants were mostly obese (mean BMI 32.4, mean neck circumference 43 cm).
Participants in the two arms had similar prevalence in preexisting diseases, including MI (6%),
HTN (77%), type 2 DM (16%), and tobacco use (12%). The study was powered for changes in
blood pressure or cholesterol, not CV or other events. Adherence (CPAP use >4 hr/night) was
relatively poor (across RCTs), at only 38 percent at 6 months (not reported at 2 years); although
71 percent expressed a wish to continue usage. Average usage was about 2.5 hours per night
(including nonusers). No explanation was provided for the high dropout rate at 2 years (n = 188
vs. 391 at 6 months). The study was rated as high risk of bias due to lack of blinding and high
dropout rate at 2-year followup (without assessment of potentially attrition bias).

The PREDICT trial (acronym undefined) randomly allocated participants to CPAP (n = 114)
or no CPAP (n = 117) for 1 year.!” The trial was conducted and analyzed with an ITT approach;
participants were not excluded from analysis based on CPAP adherence. Participants were
included if they were 65 years or older with newly diagnosed OSA (ODI >7.5) with sleepiness
symptoms (ESS >9). The median baseline AHI was similar between the two groups (CPAP 28.1,
no CPAP 29.4), as were mean ESS (11.6), age (71.1 years) and gender (males 82%). Participants
were obese with mean BMI of 33.7 and neck circumference of 43.3 cm. Participants in the two
groups had similar prevalence of preexisting diseases, including CeVD (13%), ischemic heart
disease (33%), CHF (7%), and HTN (73%). The trial was powered for a change in ESS score,
and the authors noted that it might not be adequately powered for CV events and other outcomes.
At 1 year, only 35 percent of participants were adherent (>4 hours/night) with CPAP. The study
was rated as moderate risk of bias due to lack of participant or clinician blinding (although
outcome assessors were blinded).

The RICCADSA (Randomized Intervention with Continuous Positive Airway Pressure in
CAD and OSA) trial randomly allocated 244 participants to CPAP (n = 122) or no CPAP (n=
122) for 4.75 years.''? The trial was conducted and analyzed with an ITT approach; participants
were not excluded from analysis based on CPAP adherence. Participants were included if they
had non-sleepy (ESS <10) OSA (AHI >15) and had a diagnosis of CAD with coronary
revascularization. The mean baseline AHI was similar between the two arms (CPAP 28.3, no
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CPAP 29.3), as was ESS (both 5.5). The two arms were similar in terms of age (mean 66 years)
and gender (male 84%). Participants were generally overweight, with a mean BMI of 28.5.
Participants in the two arms had similar prevalence in preexisting diseases, including CAD
(100%), coronary revascularization (100%), MI (50%), HTN (64%), pulmonary disease (7%),
type 2 DM (24%), obesity (28%), and current smoker status (16%). The study aimed to be
powered for a composite outcome of CV mortality, acute MI, and new revascularization;
however, the study authors noted that it was underpowered because CPAP adherence among the
participants was lower than initially expected (60% at 1 year, implicitly defined as >4
hours/night). CPAP usage at 1 year averaged 5.8 (SD 1.7) hours per night. The study was rated
as high risk of bias due to lack of blinding and high crossover (20% of participants in the no
CPAP arm started CPAP during the study period).

The SAVE (Sleep Apnea cardioVascular Endpoints) trial randomly allocated 2687
participants to CPAP (n = 1346) or no CPAP (n = 1341) for 3.7 years.'> 1*!17 The trial was
conducted and analyzed with an ITT approach; participants were not excluded from analysis
based on CPAP adherence. The trial also reported a propensity-score matched analysis of
adherent CPAP users. However, to be eligible, patients had to be adherent (=3 hour/night) during
a 1-week run-in trial; this criterion excluded about 16 percent of potential participants.
Participants were included if they had a diagnosis of moderate-to-severe OSA and had a
diagnosis of CAD or CeVD. The study reported that for their measure of ODI, a threshold of >12
was determined to be equivalent to AHI >30 (to diagnose “moderate-to-severe” OSA).!% 114
Patients with very ESS scores (>15) were excluded. The study was designed to be enriched in
patients at increased risk for CVD to increase power to detect an effect within the size and
followup constraints of an RCT. As described in more detail below, in the section on composite
CV outcomes (the primary outcome for this trial), the original planned sample size (5000
participants) was reduced during the study because of difficult recruitment, but better-than-
expected CPAP adherence, allowing a revised planned sample size of 2500. The mean baseline
AHI was similar between the two arms (CPAP 29.0, no CPAP 29.6), as was mean baseline ESS
(CPAP 7.3, no CPAP 7.5). The two arms were similar in terms of age (mean 61 years), gender
(male 81%), BMI (mean 28.6), and neck circumference (mean 40.7 cm). Participants in two arms
had similar prevalence in preexisting diseases, including CAD (51%), MI (34%), CeVD (49%),
stroke (44%), HTN (78%), type 2 DM (30%), and tobacco use (15%). The study was powered
for a composite CV outcome (CV death, nonfatal MI, nonfatal stroke, and any hospitalization for
unstable angina, CHF, or TTIA). The study was not explicitly powered for specific CV outcomes
or death, and the authors noted that it was not adequately powered for stroke or TIA. For the
duration of the study, 42 percent were adherent with CPAP (>4 hours/night), with mean usage of
3.3 (SD 2.3) hours per night. The study was rated as moderate risk of bias due to lack of
participant or clinician blinding (although outcome assessors were blinded). Of note, the study
reported numerous analyses and sensitivity analyses. Their primary analysis was an unadjusted
Cox proportional-hazards regression (survival) model. We primarily used these analyses
(although for consistency with other RCTs, we used odds ratio [OR] results within meta-
analyses). They also reported several sensitivity analyses using other analytic techniques. We
also summarize their “as-treated” analyses of those adherent with CPAP therapy (>4 hours/night
for first 2 years). This analysis was conducted as a propensity-score matching one-to-one of
adherent CPAP users (n = 561) and participants not assigned to CPAP (n = 561). Propensity-
score matching was performed with baseline variables related to CPAP adherence and CV
outcomes, including study site, type of CVD, ESS score (categorized at a threshold of 11), ODI,
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prior adherence to sham CPAP (during the trial run-in phase), sex, age, obesity, smoking, DM,
HTN, CHF, and others. The propensity score analysis applied appropriate methods; thus, the risk
of bias was unchanged from the primary analysis.

Adjusted Nonrandomized Comparative Studies

No NRCS incorporated an a priori power calculation or made claims about their power to
detect a given effect size for any outcome. All NRCSs included multivariable adjustments for
potential confounders between groups (CPAP vs. no CPAP or adherence groups) and outcomes.

CPAP Versus No CPAP (NRCSs)

Chang 2020 was an adjusted NRCS comparing participants in the Taiwan's National Health
Insurance Research Database newly diagnosed with OSA (by ICD-9 code) who received CPAP
in the first year following the diagnosis (n = 959) with a propensity-score matched cohort of
those who did not (n = 959).!3¢ The study conducted an “as-prescribed” analysis (comparing
those prescribed CPAP vs. those not prescribed CPAP), conceptually similar to an ITT analysis.
Patients were followed for 5 years. The majority of the participants were male (83%). The two
groups were comparable in terms of age distribution (52% were 40 to 59 years of age) and
preexisting diseases (HTN 56%, type 2 DM 16%, CVD 34%). No information on baseline AHI,
ESS, or BMI were provided. The study had no information on adherence. The study was rated as
high risk of bias as an (unblinded) nonrandomized study that implemented propensity score
matching, but provided insufficient descriptive information.

Jennum 2015 was an adjusted NRCS comparing participants in the Danish National Patient
Registry diagnosed with OSA (by ICD-10 code) who received CPAP (n = 13,631) within 2 years
of diagnosis with those who did not (n = 11,758).!% The study conducted an “as-prescribed”
analysis (comparing those prescribed CPAP vs. those not prescribed CPAP). Patients were
followed for 3 years. The majority of the participants were male (78%). The two arms were
comparable in terms of age distribution (55% were 40 to 59 years of age). No information on
baseline AHI, ESS, BMI, or preexisting diseases were provided. The study had no information
on adherence. The study was rated as high risk of bias related to inadequate reporting regarding
OSA diagnosis, intervention, with the use of a regression model for adjustment of baseline
confounders.

Lisan 2019 was an adjusted NRCS comparing participants from the Sleep Heart Health
Study (SHHS) who were prescribed CPAP (n = 51) with those not prescribed CPAP (n =204)
for 11 years.'?® The study conducted an “as-prescribed” analysis (comparing those prescribed
CPAP vs. those not prescribed CPAP). Participants were included if they were over 40 years and
able and willing to undergo a home polysomnography. The definition of OSA or criteria for use
of CPAP were not reported. The study conducted a propensity score-matched analysis, matching
one CPAP participant to four non-CPAP participants. The two groups were similar in terms of
pretreatment AHI (mean 29.5), respiratory disturbance index (RDI), (25.8), ESS (mean 11.1),
age (mean 64 years), gender (male 76%), BMI (mean 31.3), and neck circumference (mean 41.1
cm). Participants in the two arms also had similar prevalence in preexisting conditions, including
MI (9%), HTN (45%), type 2 DM (15%), and current tobacco use (6%), among others. The study
had no information on adherence. The study was rated as moderate risk of bias based on being an
(unblinded) nonrandomized study that used a propensity score analysis and had generally
complete reporting; although adherence was unknown.
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Myllyli 2019 was an adjusted NRCS evaluating patients who had been prescribed CPAP for
OSA.!% The study compared participants who continued to use CPAP for at least 5 years (n =
1030) with those who discontinued using CPAP against their doctor’s advice (n = 1030). The
study followed participants for a median of 8.7 years. Thus, this study conducted based on actual
use of CPAP. Participants were included if they commenced CPAP for at least “moderately”
severe OSA (AHI >15). The two groups were similar in AHI (mean 27.5) but different in ESS
(CPAP 9.4, no CPAP 8.3). The two groups were similar in terms of mean age (56.0 years) and
gender (males 76%). The mean BMI was higher in the CPAP arm than no CPAP arm (32.7 vs.
31.5), as were the prevalence of several preexisting conditions, including type 2 DM or impaired
fasting glucose (CPAP 40%, no CPAP 35%), HTN: (CPAP 77%, no CPAP 70%). Participants in
the CPAP group had lower rates of other preexisting conditions, including CVD (CPAP 5.4%, no
CPAP 13%), current tobacco use (CPAP 22%, no CPAP 29%), and COPD (CPAP 4.6%, no
CPAP 7.6%). Among CPAP users, 89 percent used CPAP for at least 4 hours per night (overall
median 6.4 hours/night). The study was rated as high risk of bias related to inadequate reporting
regarding OSA diagnosis, intervention, with the use of a regression model for adjustment of
baseline confounders.

Nakamura 2021 reported an adjusted NRCS, based on Okinawa Nakamura Sleep
(ONSLEEP) registry, comparing participants who started CPAP (n = 1274) with a propensity-
score matched cohort those who did not (n = 1274) at a median of 6.6 (interquartile range 2 to
10.7) years of followup.'*! The study defined CPAP users as those who agreed to use CPAP (and
used it for at least 30 days), regardless of adherence; CPAP nonusers were either not prescribed
CPAP or did not commence CPAP use despite a prescription for use. We categorized this as an
“as-prescribed” analysis. Participants were included if they were diagnosed with OSA (AHI>5).
The propensity score analysis included only 28 percent of CPAP users with available data and 60
percent of nonusers. Analyzed patients were 76 percent male and on average 52 years of age
with a mean BMI of 27.3. Among nonusers 14 percent had DM (vs. 8% of CPAP users) and 6
percent had a history of stroke (vs. 4%); these were considered to be significant differences
between groups. There were 12 percent with a history of heart disease. Median AHI was slightly
higher among CPAP users (median 23.9 vs. 18.4), as was percent of sleep time with oxygen
saturation below 90 percent (2.3% vs. 1.0%). The percent of patients with ESS >10 was similar
in both groups (55%). Adherence data were not available in the large majority (84%) of CPAP
users. The study was rated to be at moderate risk of bias for all-cause death in an (unblinded)
nonrandomized study that implemented propensity score matching adjusting for baseline
imbalances. The CV death analysis was deemed to be high risk of bias since reported propensity-
score matched analyses were unadjusted.

Ou 2015 was an adjusted NRCS that compared participants who used CPAP (n = 36) with
those not using CPAP (n = 88) for 5 years.'*? We categorized the study as an “as-prescribed”
analysis, conceptually similar to a quasi-ITT in that all patients were offered CPAP and the
analysis compared those who agreed to start CPAP (regardless of adherence) with those who
refused. Participants were included if they were older adults (=60 years) with moderate to severe
sleep apnea (AHI>20). Both mean baseline AHI and ESS were significantly different between
the two arms (AHI: CPAP 45.3, no CPAP 36.0, P =0.001; ESS: CPAP 8.1, no CPAP 6.2, P =
0.007). The study also reported a mean ODI of 34.3, with no differences between two arms. The
two arms were similar in terms of age (mean 73 years), gender (male 84%), and BMI (mean
30.9). Among those prescribed CPAP, 67 percent were adherent (4 hours/night, >5 nights/week).
Participants in the two arms had similar prevalence in preexisting diseases, including CAD
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(48%), HTN (68%), type 2 DM (16%), and stroke (13%). Notably, several of the baseline
characteristics were not adjusted for in the multivariable analysis although differences existed
between the two arms, including ESS, habitual snoring, and chronic insomnia. The study
included too few participants to allow complete adjustment for potential confounders. The study
was rated as high risk of bias primarily related to inadequate adjustment for differences between
groups.

Adherent CPAP Use Versus Nonadherent CPAP Use (NRCSs)

Campos-Rodriguez 2005 was an adjusted single center based NRCS evaluating OSA
patients using PAP (either CPAP or bilevel pressure ventilation [BPAP, about 9%]), based on
their level of adherence.'?* Nonusers were excluded from analysis; comparisons were between
those with good adherence: >6 hours per night (n = 322), 1 to 6 hours per night (n = 342), and <1
hour per night (n = 85). Patients were followed for a mean of 48.5 months (range 0 to 103
months). Participants were included if they were adults with OSA with an AHI >10. The
subgroups of patients differed from each other for many breathing and sleep measures (oxygen
and carbon dioxide partial pressures, spirometry measures, percent of time below 90%
saturation, and AHI), but multivariable adjustment included only variables that were statistically
significant predictors of death within the model (HTN, age, and spirometry). Mean AHI in the
good adherence group was 60.0, the adherence group 52.1, and poor adherence group 48.8.
Across groups, mean age was about 55 years, about 80 percent were male, and mean BMI was
35.6. Most patients were obese (83%), had HTN (60%), and were smokers (66%); many had DM
(35%) chronic obstructive pulmonary disease (17%). The study was rated as high risk of bias,
primarily based on their use of a regression model with incomplete adjustment of baseline
confounders.

Loépez-Padilla 2016 reported an adjusted NRCS of older adults (>80 years) with OSA.!?’
The study conducted an analysis of adherent CPAP users (>4 hours/night, n = 79) versus a
combination of nonadherent patients (n = 53) and those not prescribed CPAP (n = 23). Median
followup (CPAP treatment) was 53 months (interquartile range 41 to 77 months). Participants
were included if they were older and had at least “moderately” severe OSA (AHI >20). Patients
with chronic respiratory failure were excluded. The mean AHI was 49.2, mean ODI 39.8, and
mean ESS 12.8. The participants were about half men (54%) and were on average obese (BMI
32.8). Comorbidities were common, including HTN (78%), CHF (35%), tobacco use (35%), DM
(30%), hyperlipidemia (28%), arrhythmias (26%), ischemic heart disease and stroke (15% each).
The study was rated as high risk of bias for being an (unblinded) nonrandomized study that used
a regression model for adjustment of baseline confounders.

Navarro-Soriano 2021 was a secondary analysis from an existing RCT (HIPARCO study),
which had randomly allocated participants to CPAP and no CPAP.'?° Included patients had at
least moderately severe OSA (AHI >15) and resistant HTN. Patients with follow-up data on the
incidence of fatal or non-fatal CV events were included in this observational analysis. This
secondary NRCS compared adherent CPAP use (>4 hour/night, n = 95) with combined
nonadherent (n = 39) and those not offered CPAP (n = 29). Participants were followed for a
median of 58 months. Patients in the CPAP group had significantly higher BMI than nonusers
(34.6 vs. 32.6). Other background characteristics were similar between groups, including age
(mean 58), AHI (mean 40), ESS (mean 9.2), gender (male 68%), prior CV events (21%) and type
2 DM (40%). The study was rated as high risk of bias for being an (unblinded) nonrandomized
study that used a regression model for adjustment of baseline confounders.
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Schipper 2017 was an adjusted NRCS comparing participants who were adherent with
CPAP (n = 162) for at least 4 hours per night for more than 70 percent of nights with
nonadherent CPAP users (n = 121) for 6 years.!*3 Thus, this study conducted an analysis based
on actual use of CPAP. Participants were included if they were newly diagnosed OSA (AHI >5).
The two arms were similar in the baseline AHI (median 25.0), mean age (54.2 years), gender
(male 77%), and mean BMI (30.0). Participants in the two arms had similar prevalence of
preexisting diseases, including HTN (60%) and CVD or CeVD (15%). However, the prevalence
of other preexisting diseases was significantly different between the two arms, including type 2
DM (CPAP 12%, no CPAP 24%), tobacco use (CPAP 15%, no CPAP 27%). The study was rated
as high risk of bias for being an (unblinded) nonrandomized study that used a regression model
for adjustment of baseline confounders.

Sheth 2021 was an adjusted NRCS that compared patients with type 2 DM prescribed CPAP
for OSA (AHI >5) who were CPAP adherent (usage for >4 h/night for >70% of nights; n = 260)
with those who were CPAP nonadherent (n = 318).!3* The study followed patients for 2.5 years.
There were no significant differences between those who were CPAP adherent and non-adherent
in terms of age (54 years), gender (male 46%), BMI (42), preexisting diseases (CVD 30%,
peripheral vascular disease 13%, stroke 13%), or AHI (45.8). The study was rated as high risk of
bias for being an (unblinded) nonrandomized study that used a regression model for adjustment
of baseline confounders. The study also did not adequately report results, particularly in terms of
analyzed participants.

Wu 2015 (Beijing) was an adjusted NRCS that evaluated participants with moderate to
severe OSA (AHI >15) and who were undergoing percutaneous coronary intervention for
CAD."* The study compared those who used and were adherent with autoCPAP (>4 hours/night,
>70% of nights, >3 months; n = 128) with those who refused (n = 79) or were nonadherent with
CPAP (n = 88). Patients were followed for a median of 4.8 years. The median baseline AHI was
different between the two arms (CPAP 46.3, no CPAP 40.1), but the two arms were similar in
terms of age (mean 55.1 years), gender (males 84%), and BMI (mean 29.7). Participants in the
two arms had similar prevalence in preexisting diseases, including previous MI (14%), non-ST-
segment elevation acute coronary syndrome (52%), HTN (74%), type 2 DM (34%), current
tobacco use (25%), stroke (10%), and chronic kidney disease (4.4%). The study was rated as
high risk of bias for being an (unblinded) nonrandomized study that used a regression model for
adjustment of baseline confounders.

All-Cause Mortality

Eleven studies (5 RCTs and 6 NRCSs) comparing CPAP prescription or use and no CPAP
reported on all-cause mortality (Table 5).!2 103, 107 112,123, 125-127, 131, 132, 137, 138 Gy, djes evaluated a
wide range of followup times (from 2 to 11 years). The studies included patients with OSA but
with different diagnostic methods, including specific AHI thresholds or database classification
(e.g., ICD 9 or 10 codes). All five RCTs reported ITT analyses and three of the NRCSs reported
“as-prescribed” analyses comparing patients provided CPAP (who started using CPAP) and
those not provided CPAP. One of the RCTs and three of the NRCSs compared adherent users
and nonusers.

Randomized Controlled Trials (All-Cause Mortality)
The five RCTs evaluated variable populations of patients at 2 to about 5 years of followup.
Barbé 2012 and the MOSAIC trial included otherwise healthy, somewhat younger adults (<70
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years in Barbé 2012, 45 to 75 years in MOSAIC) with at least “moderate” OSA (AHI >20 or
ODI >7.5, respectively). Barbé 2012 explicitly excluded patients with CVD or other chronic
diseases and those with excessive daytime sleepiness (ESS >10). In MOSAIC, few patients had
prior CVD, but the trial included only patients with sleepiness ESS >10. The ISAACC and
RICCADSA trials included high-risk populations, namely those who had been admitted to
hospital for acute coronary syndrome (ISAACC) or recent coronary revascularization
(RICCADSA). Both required at least “moderate” OSA (AHI >15). The SAVE trial included
adults with CVD or CeVD with “severe” OSA (ODI >12, which the researchers had determined
to be equivalent to AHI >30). None of the trials was explicitly powered for all-cause mortality.
All were analyzed as ITT for CPAP versus no CPAP prescription. Adherence (use of CPAP for
>4 hours per night) varied across studies at about 40 percent in the ISAAC, MOSAIC, and
SAVE trials and about 60 percent in Barbé 2012 and the RICCADSA trial (see Table 5). SAVE
and ISAACC also reported analyses of adherent users.

In all RCTs, patients and clinicians were not blinded, but the SAVE and ISAACC trials
reported that outcome assessors were blinded. These two trials were, thus, rated to be at
moderate risk of bias, but the other trials were further downgraded to high risk of bias due to
high dropout rate (MOSAIC), high crossover rate (RICCADSA), and failure to account for
baseline differences in sleep study measures.

Across RCTs, effect sizes (odds ratio [OR], hazard ratio [HR], or incidence density ratio)
ranged from 0.33 to 2.6, all statistically nonsignificant. The number-needed-to-treat (NNT) or
harm (NNH) to prevent (or add) one death ranged from a NNT of 47 to a NNH of 70 across
studies, which corresponds to the range of effect sizes across studies. The summary OR across
the RCTs was nonsignificant at 0.89 (95% confidence interval [CI] 0.66 to 1.21) (Figure 2).
Under an assumption of a control rate (risk of death without CPAP use) of 3.5 percent (the meta-
analyzed control rate across RCTs), the summary NNT was 186 (95% CI NNH 142 to NNT 86).
The effect sizes did not clearly correlate with adherence rates in the ITT analyses.

In addition to their primary ITT analyses, SAVE and ISAACC reported propensity-score
matched analyses of adherent CPAP users, with a nonsignificant, but somewhat stronger, HR in
SAVE: 0.60 (95% CI 0.32 to 1.10), but near identical HR in ISAACC: 0.80 (95% CI 0.52 to
1.23).

Adjusted Nonrandomized Comparative Studies (All-Cause Mortality)

Across studies, all-cause mortality was reported at a wide range of followup times from 3 to
11 years, overlapping with the RCTs but with mostly longer-term followup. The NRCSs mostly
compared adults on CPAP versus no CPAP regardless of AHI/ODI threshold or comorbidities;
however, Ou 2015 and Lopez-Padilla 2016 were restricted to older adults (=60 years or >80
years, respectively) with AHI >20. The event rates (percent who died) in the NRCSs tended to be
higher than in the RCTs, particularly among the two noted studies of older adults and the study
with longest term followup (Lisan 2019, 11 years). One study compared users of CPAP versus
nonusers and did not report on adherence (defined by nightly use);'?” a second study compared
different groups of CPAP users based on their nightly adherence (overall 43% used CPAP >6
hours/night).'*! Among the four “as-prescribed” analysis NRCSs, 2% 126- 131 132 three did not
report data on adherence, but Ou 2015 reported a 67 percent adherence rate.'>

The six NRCSs were adjusted for potential confounders or patient characteristics in
propensity score analyses or logistic regression. The specific adjustments made are presented in
the footnotes to Table 5. The studies mostly adjusted for age, but only two NRCSs (Jennum 2015
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and ONSLEEP) adjusted for sex. All but one study adjusted for either CVD or risk factors (in
particular DM, but also BMI, HTN, and smoking); Jennum 2015 adjusted for the Charlson
Comorbidity Index. Three NRCSs (Campos-Rodriguez 2005, ONSLEEP, Ou 2015) adjusted for
AHI, ESS, or pulmonary function test readings.) Campos-Rodriguez 2005 further adjusted for
CPAP adherence.

NRCSs also evaluated two different categories of analyses. Four NRCSs (Jennum 2015,
Lisan 2019, ONSLEEP, and Ou 2015) evaluated “as-prescribed” analyses of people provided
CPAP devices.!?> 126 131 132 Ty studies (Campos-Rodriguez 2005 and Lopez-Padilla 2016)
evaluated analyses of adherent CPAP users.'?* 1?7

Two of the NRCSs that conducted “as-prescribed” analyses (Lisan 2019 and ONSLEEP)
used adequate propensity score analyses and were, thus, at moderate risk of bias; although,
neither study reported on adherence. (Since we downgraded RCTs for issues related to
randomization and blinding, to ensure consistency across all studies, we deemed that NRCSs
could at best be at moderate risk of bias.)

CPAP Versus No CPAP

The four adjusted NRCSs that reported “as-prescribed” analyses all reported statistically
significant associations between CPAP prescription and reduced risk of all-cause mortality.
Adjusted HRs ranged from 0.08 (in a small, poorly analyzed study) to 0.67 (in a large database
analysis); the two propensity-score analyses found intermediate adjusted HRs. The summary
adjusted HR across the NRCSs was statistically significant at 0.55 (95% C1 0.42 to 0.74), with
moderate heterogeneity (1>=55%) (Figure 2). It can be noted that, like all studies included in
meta-analyses of adjusted NRCSs, each NRCS used a unique method to adjust for potential
confounders.

CPAP Users Versus CPAP Nonusers

Two studies that evaluated adherent CPAP use. Campos-Rodriguez 2005 compared very
adherent users (>6 hr/night), moderately adherent users (1-6 hr/night), and very nonadherent
users (<1 hr/night).!?} Lopez-Padilla 2016 evaluated a comparison of adherent users versus a
combination of nonadherent users and those not prescribed CPAP. Both studies reported
statistically significant associations, without establishing causality, between adherent CPAP use
and lower risk of all-cause mortality (Table 5, Figure 2). Neither study attempted to account for
the inherent, underlying differences between adherent and nonadherent individuals. The findings
were generally consistent with the “as-prescribed” analysis NRCSs, but with wider confidence
intervals. Notably, Campos-Rodriguez compared three cohorts of patients based on the number
of hours per night they used their devices, finding a trend such that high levels of use (>6
hours/night, mean 7.6) had a stronger effect (adjusted OR 0.10) than moderate (1 to 6
hours/night, mean 3.9) levels of use (adjusted OR 0.28); although death rates were similar
between the two groups (3.4% vs. 4.6%, respectively).

All Studies (All-Cause Mortality)

The summary estimate across all studies (RCTs and NRCSs) was 0.61 (95% CI1 0.49 to 0.76),
with moderate statistical heterogeneity (Figure 2). Separately analyzing the ITT or “as-
prescribed” analyses and the adherent analyses (across RCTs and NRCSs), we found generally
similar summary associations. The ITT/“as-prescribed” analyses (all five RCTs and four of the
NRCSs, respectively) yielded a summary effect size of 0.66 (95% CI1 0.53 to 0.81) with a small
to moderate degree of statistical heterogeneity; although, effect size estimates ranged from 0.08
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(Ou 2015 NRCS, statistically significant) to 2.6 (Barbé 2012, RCT, nonsignificant). The CPAP
adherent analyses (including two post hoc analyses from the RCTs and two adjusted NRCSs)
yield a summary effect size of 0.55 (95% CI 0.38 to 0.81) with moderate heterogeneity and a
range of HRs of 0.28 (Campos-Rodriguez 2005, NRCS, statistically significant) to 0.80
(ISAACC, RCT, nonsignificant). There was no evidence of a difference in effect size between
the two sets of analyses (P = 0.41).

RCTs Versus NRCSs (All-Cause Mortality)

The summary effect size for the NRCSs was statistically significant while the summary RCT
estimate was not. Meta-regression between RCTs and (all) NRCSs suggests that the average
effect size among the NRCSs was 58 percent smaller (stronger, favoring CPAP) than the average
RCT (P =0.061 between study designs).

An exploratory sensitivity analysis evaluating the change in results as the meta-analysis
borrows strength from the NRCS evidence is shown in Appendix D, Figure D-2. The figure
recapitulates that with no NRCS evidence (only RCT evidence), the summary OR is
nonsignificant and imprecise. However, adding in even a small degree of weight (<1%) from the
NRCSs yields a statistically significant effect size similar to the estimate based on full inclusion
of the NRCS information, suggesting a significant effect (or association) of CPAP use on
reducing the risk of all-cause mortality.

The reasons for the differences between study designs is not inherently clear. The difference
in statistical significance may be largely related to power issues among the RCTs, but would not
account for the difference in average effect sizes. Study event rates (percent who died) tended to
be higher in the NRCSs than the RCTs, related to both longer followup duration for most NRCSs
and higher risk of death due to older age in at least two NRCSs. Another important difference
between study designs is that RCTs, in contrast to the NRCSs, mostly excluded patients with
excessive daytime sleepiness. While the RCTs may have been more rigorous in design than the
NRCSs and less subject to reporting biases, the NRCSs may better represent real world
experiences.

Heterogeneity of Treatment Effect (All-Cause Mortality)

Note that a discussion about variations in estimates of effect or association across studies
based on different criteria used to define apnea, hypopnea, and oxygen desaturation, and
different AHI thresholds appears in its own section (“Evaluation of Heterogeneity, Across
Outcomes, Based on AHI Definitions Used”) after the summaries of all outcomes.

Three NRCSs compared incidence of all-cause mortality among subgroups of participants.
Comparisons included AHI (5-29 vs. >30), age, BMI (<25, 25-29, >30), and pulmonary function
status (impaired vs. normal). It is unclear whether the NRCSs were adequately powered for the
subgroup analyses; although Jennum 2015 was a large study. Note that none of the RCTs
reported on subgroup effects, except as implied by adherent-user analyses.

CPAP Adherence

As noted above, the two RCTs that reported secondary analyses of adherent users (>4
hours/night) found statistically similar results as their primary ITT analyses (ISAACC: HR 0.80
vs. 0.82, with similar statistical significance; SAVE: HR 0.60 vs. 0.91, nonsignificant but smaller
P-value in adherent users analysis). Also as noted, Campos-Rodriguez 2005 found an apparent
trend in adjusted ORs compared with minimal device use (<1 hour/night) between moderate
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users (1 to 6 hour/night, mean 4.6; OR 0.28) and high users (>6 hours/night, mean 7.6; OR 0.10);
however, there was no significant difference between the adherent groups.

Across studies, there was no consistent association between mean CPAP use (adherence) and
risk of death (compared with no use). Three RCTs had reported adherence rates of about 40
percent, with effect sizes ranging from 0.33 to 0.82); two had adherence rates of about 60 percent
with effects sizes of 0.76 and 2.6. Differences across all studies that reported adherence rates
related more to study design (RCT vs. NRCS) than reported adherence.

Sleepiness (Epworth Sleepiness Score)

None of the studies compared patients based on their degree of daytime sleepiness. Across
studies, there was no apparent relationship among studies that excluded patients with (or
without) excessive daytime sleepiness (ESS >10), or included patients regardless of ESS.
However, the RCTs generally excluded patients with ESS >10 (MOSAIC allowed some patients
with sleepiness, but mean ESS was 8; SAVE excluded only patients with ESS <15, but mean
ESS was 7.4). Among NRCSs that restricted based on ESS or reported average ESS, all except
Ou 2015 either excluded patients with low ESS (Campos-Rodriguez 2005) or had average scores
>10 (Lisan 2019, ONSLEEP, Loépez-Padilla 2016). Only Ou 2015 had a mean ESS <10 (6.7).
Among NRCSs, Ou 2015 had the largest effect size (although with a wide confidence interval,
see Figure 2). While studies of patients with excessive daytime sleepiness (all of which were
NRCSs) found significant associations between CPAP use and lower risk of death, the studies
that excluded patients with excessive daytime sleepiness (all of which were RCTs) did not find
such a causal relationship. None of the studies, however, evaluated heterogeneity of treatment
effect based on the presence of excessive daytime sleepiness. Thus, overall, across RCTs and
adjusted NRCSs, the relationship between pre-treatment ESS and the effect of CPAP on all-
cause mortality is unclear. One cannot conclude that CPAP is more effective in patients with
excess daytime sleepiness.

AHI Subgroups

An earlier publication of the ONSLEEP NRCS reported adjusted HRs among different
subgroups, including by AHI.'*® Among participants with AHI between 5 and 29, the adjusted
HR for all-cause mortality was 0.94 (95% CI 0.47 to 1.86). Based on reported data, we were able
to calculate that for those with AHI more than 30, the adjusted HR for all-cause mortality was
0.48 (95% CI not reported). However, the study did not report on the statistical significance of an
interaction between AHI category and CPAP use.

Age Subgroups

The Jennum 2015 NRCS found similar, not statistically significantly different, HRs among
different age groups: 0.72 (95% CI 0.39 to 1.33) for patients aged 20-39 years, 0.67 (95% CI
0.56 to 0.79) for patients aged 40-59 years, and 0.62 (95% CI 0.54 to 0.71) for patients aged >60
years.!'?> We calculated these HRs based on their report of a model that included interaction
terms between CPAP use and age group.

Gender Subgroups

The Jennum 2015 NRCS reported that “the interaction term for gender and CPAP treatment
was significant, indicating that women had higher [relative] mortality than men when they
received CPAP treatment,” with a P value for the interaction term of 0.036, suggesting a weaker
association between CPAP use and death in women than in men.!?> However, the study appears
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to have included interaction terms for both age and gender in the same model, but did not
translate these to separate HR estimates for men and women (as they did for age subgroups).
Thus, we cannot estimate the different associations in the two genders.

Body Weight Subgroups

The ONSLEEP NRCS also reported analyses by BMI category. The adjusted HR for all-
cause mortality among participants with BMI <25 was 0.39 (95% CI 0.18 to 0.83), for those with
BMI 25-29 0.66 (95% CI not reported), and for those with BMI >30 2.27 (95% CI not reported).
Statistical significance between groups was not reported.'>°

Pulmonary Function Subgroups

The ONSLEEP NRCS also reported data to suggest that the adjusted HR of all-cause
mortality with CPAP among participants with impaired pulmonary function (based on
pulmonary function testing) was 0.39 (95% CI not reported), while among those with normal
pulmonary function HR was 1.00 (95% 0.48 to 2.09). Statistical significance between groups
was not reported.'3°

Applicability (All-Cause Mortality)

The RCTs are mostly applicable to people with moderate or severe OSA (by AHI or ODI
criteria) who have known CVD and did not have excessive daytime sleepiness (ESS <10); only
the smallest of the three RCTs, MOSAIC, included participants without CVD. In contrast, the
NRCSs mostly included all adults with OSA (variably defined), with a wide range of baseline
AHI, but mostly undescribed comorbidities. The NRCSs mostly included patients with or
without excessive daytime sleepiness, but average ESS scores were mostly >10.

In terms of applicability to the Medicare population, two NRCSs (Ou 2015 and Loépez-
Padilla 2016) were restricted to older adults (=65 or >80 years) with no statistically significant
difference in results compared with other studies, except these studies had higher death rates,
yielding greater power and statistically significant effect sizes.

Summary of Effect of CPAP on All-Cause Mortality

The RCTs and NRCSs yielded different conclusions regarding the effect (or association) of
CPAP on all-cause mortality (Table 4). Five RCTs, of patients with moderate or severe OSA,
who were mostly at increased risk of CV death but without excessive daytime sleepiness, did not
provide evidence that CPAP reduces the risk of all-cause mortality. This conclusion does not
imply that CPAP has been proven to be ineffective to reduce all-cause mortality. In addition, the
finding was deemed to have low strength of evidence (SoE) because of moderate risk of bias
among the studies, indirectness due to concerns about the applicability of the studies to typical
adults with OSA (related to risk factors and sleepiness symptoms), relatively short duration of
followup, and imprecision (summary effect size 0.89, 95% CI 0.66 to 1.21).

The NRCSs, with mostly included all patients with OSA, with or without excessive daytime
sleepiness, in contrast, all found statistically significant associations between CPAP and lower
risk of all-cause mortality. This was the case for analyses of both CPAP prescription and
adherent CPAP use. Most NRCSs were at high risk of bias, but the two moderate risk of bias
NRCSs (that reported propensity score analyses) had consistent findings as the other NRCSs.

Meta-analyses of all ITT or “as-prescribed” analyses (of patients prescribed CPAP) and of all
analyses of patients adherent to CPAP yielded similar summary effect sizes, favoring CPAP:
ITT/*“as-prescribed” 0.55 (95% CI 0.42 to 0.74); adherent 0.41 (0.26 to 0.64).
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Across both RCTs and NRCSs, we concluded that that CPAP may reduce the risk of all-
cause mortality (low SoE). Studies, overall, had moderate risk of bias (and most NRCSs had high
risk of bias) and the RCTs and NRCSs were inconsistent with each other in that the RCTs found
a nonsignificant causal effect, but NRCSs found larger, statistically significant associations. The
explanation for the difference between the RCTs and NRCSs is unclear. The RCTs mostly
included higher risk patients at higher risk of death, but still had relatively low death rates over
about 2 to 5 years of followup. The NRCSs mostly included all adults with OSA, had mostly
longer followup (about 3 to 11 years), and mostly higher rates of death. The studies also included
somewhat different populations in terms of symptoms. The RCTs mostly excluded patients with
excessive daytime sleepiness, but half (or more) of patients in the NRCSs had high ESS (>10).
While none of the studies could effectively blind patients or their clinicians to treatment, the
RCTs mostly followed strict protocols, including randomization, and fully reported results, thus,
reducing bias. Two of the NRCSs reported appropriately conducted propensity score analyses
(which may simulate randomization), but the degree to which nonsignificant NRCSs may be
underreported is unclear. However, the NRCSs may be reporting more “real world” experiences
with CPAP. Furthermore, we cannot rule out that the apparent difference in findings between
RCTs and NRCSs relates to insufficient power among the RCTs; although this would not fully
account for the difference in summary effect estimates.

Thus, the RCTs do not provide evidence that CPAP affects the risk of all-cause mortality
(summary ES 0.89, 95% CI 0.66 to 1.21, low SoE). The RCTs are at moderate risk of bias,
provide an imprecise estimate of effect, mostly excluded patients with excessive daytime
sleepiness, and may have been too short in duration to provide adequate power. We also note that
even though the RCTs were statistically nonsignificant, across comparative studies, all but one
RCT had effect sizes <1 (i.e., appeared to favor CPAP).

The NRCSs, in contrast, found statistically significant associations between CPAP
prescription (or use) and lower risk of all-cause mortality. Taking the RCT effects and NRCS
associations together, we conclude that, overall, the comparative studies find that CPAP (use)
may be associated with reduced risk of death (low SoE). However, RCTs and NRCSs were
inconsistent in terms of statistical significance and magnitude of effect size, and studies were at
moderate to high risk of bias.

The studies provided insufficient evidence to support whether effect sizes may differ in
different subgroups of patients, including by severity of OSA (as assessed by AHI or similar
measures), severity of symptoms (e.g., as measured by ESS), age, gender, other risk factors or
comorbidities. The comparative studies provide inconsistent evidence regarding the interplay
between CPAP adherence and association of CPAP use and risk of death: RCTs did not find a
difference in effect based on CPAP adherence, summary estimates of ITT and adherent analyses
were similar, but NRCSs that analyzed cohorts based on adherence did find significant
differences favoring more adherent users. The RCT evidence is mostly applicable to patients
with CV risk factors, but without excessive daytime sleepiness. The NRCS evidence may pertain
to the effect of longer duration treatment and may be more applicable to typical adults with OSA
who qualify for possible CPAP use.

The low SoE for the conclusions regarding all-cause mortality suggests that we have limited
confidence that the summary estimates (and their confidence intervals) are close to the true
effect. Additional evidence is needed before concluding that the findings are stable or that the
estimate of effect is close to the true effect.
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Figure 2. Meta-analysis of CPAP versus No CPAP: All-cause mortality

Studies Flup, CPAP, No CPAP,
mo n/N n/N
Barbé 2012 48 8/357 3/366
ISAACC 2020 40 27/629 32/626
MOSAIC 2014 24 1/94 3/94
RICCADSA 2016 57 71122 9/122
SAVE 2016* 44 40/1346 43/1341
RCT (all ITT) 83/2543 90/2549
Jennum 2015 36 NR/13,631 NR/11,758
Lisan 2019 133 12/81 84/311
ONSLEEP 2021 79 53/1274 94/1274
Ou 2015 60 2/36 19/88
NRCS “as-prescribed” NR/15,022 NR/13,431
Campos-Rodriguez 48 16/342t 8/85t
2005
Lopez-Padilla 2016 53 35/79 48/76
NRCS 51/421 56/161

Users v. Nonusers

AIlITT or “as-prescribed”*
All Users v. Nonusers*

OVERALL

Effect Size
(95% ClI)

IDR 2.6 (0.70, 11.8)
HR 0.82 (0.49, 1.36)
OR 0.33 (0.03, 3.19)
OR 0.76 (0.28, 2.12)
HR 0.91 (0.59, 1.40)
0.89 (0.66, 1.21) (”=0%)

adjHR 0.67 (0.61, 0.75)
adjHR 0.58 (0.35, 0.96)
adjHR 0.47 (0.33, 0.66)
adjHR 0.08 (0.01, 0.44)

0.55 (0.42, 0.74) (P=55%)
adjOR 0.28 (0.11, 0.69)t

adjHR 0.46 (0.27, 0.78)
0.41 (0.26, 0.64) (P N/A)

0.66 (0.53, 0.81) (P=36%)
0.55 (0.38, 0.81) (P=41%)
0.61(0.49, 0.76) (P=45%)

Favors No CPAP
T T

03

0.5 1.0 2.0 3.0
Effect Size (log scale)

Abbreviations: adj = adjusted, CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, HR =
adjusted hazard ratio, I> = measure of statistical heterogeneity ranging from 0% (none) to 100%, IDR = incidence density ratio,
ISAACC = Impact of Sleep Apnea syndrome in the evolution of Acute Coronary syndrome. Effect of intervention with CPAP,
ITT = intention-to-treat, MOSAIC = Multicentre Obstructive Sleep Apnoea Interventional Cardiovascular trial, NR = not
reported, NRCS = nonrandomized comparative study, ONSLEEP = Okinawa Nakamura Sleep, OR = odds ratio, RCT =
randomized controlled trial, RICCADSA = Randomized Intervention with Continuous Positive Airway Pressure in CAD and
OSA trial, SAVE = Sleep Apnea cardioVascular Endpoints trial.

* SAVE and ISAACC reported both ITT and CPAP adherent (users) analyses (see Table 5). Both the all ITT or “as-prescribed”

summary estimate and the users versus nonusers summary estimate include these trials.

+ PAP use 1-6 hours per night versus <1 hour per night.
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Table 5. CPAP versus no CPAP: All-cause mortality

Study PMID Design | Analysis Followup | Arm CPAP Adherence n/N (%) Effect Size (95% CI)
(Powered? A) Duration Calculated NNT (95% CI) B
(mo)
Barbé 2012 22618923%° | RCT ITT 48 CPAP 64% overall 8/357 (2.2) Incidence density ratio
(No) No CPAP 3/366 (0.8) 2.6 (0.70, 11.8)
NNH 70 (NNH 31, NNT 270)
ISAACC 31839558103 RCT ITT 40 CPAP 38% overall 27/629 (4.3) HR 0.82 (0.49, 1.36)
(No) No CPAP 32/626 (5.1) NNT 122 (NNH 66, NNT 32)
[Adherent analysis:
HR 0-80 (0.52, 1.23)
MOSAIC 24508706 RCT ITT 24 CPAP 38% at 6 mo 1/94 (1.1) OR 0.33(0.03,3.19) ¢
(No) No CPAP 3/94 (3.2) NNT 47 (NNH 50, NNT 16)
RICCADSA RCT ITT 57 CPAP 60% at1y 7/122 (5.7) OR0.76 (0.28,2.12)
26914592112 No CPAP 9/122 (7.4) NNT 61 (NNH 22, NNT 13)
SAVE 275710482 RCT ITT 44 CPAP 42% overall 40/1346 (3.0) HR 0.91 (0.59, 1.40)
(No) No CPAP 43/1341 (3.2) NNT 426 (NNH 93, NNT 65)
[Adherent analysis:
HR 0.60 (0.32, 1.10)]
Campos-Rodriguez NRCS Adherence 48.5 PAP use Mean 7.6 hr/night 11/322 (3.4) Adjusted OR 0.10 (0.04,
2005'% analysis >6 hr/night 0.29) ' vs. <1 hr/night
(No)
. PAP use Mean 3.9 hr/night 16/342 (4.6) Adjusted OR 0.28 (0.11,
1-6 hr/night 0.69) " Y vs. <1 hr/night
PAP use Mean 0.3 hr/night 8/85 (9.4) .
<1 hr/night
Jennum 2015 NRCS As-prescribed 36 CPAP NR NR/13,631 Adjusted HR 0.67
25914563!% (No) No CPAP NR/11,758 (0.61,0.75) P
Lisan 2019 30973594'%¢ | NRCS As-prescribed (No) | 133 CPAP NR 12/81 (14.8) Adjusted HR 0.58
No CPAP 84/311 (27.0) (0.35, 0.96) E
Lépez-Padilla 2016 NRCS Adherent vs. 53 CPAP use | 100% (adherent) 35/79 (44.3) Adjusted HR 0.46 (0.27,
27198943177 nonuse / No CPAP 48/76 (63.2) 0.78) K
nonadherent use
(No)
ONSLEEP 33006309'3' | NRCS As-prescribed 79 CPAP NR 53/1274 (4.2) Adjusted HR 0.47
(No) No CPAP 94/1274 (7.4) (0.33,0.66) F
Ou 2015 26068440132 NRCS As-prescribed 60 CPAP 67% overall 2/36 (5.6) No CPAP vs. CPAP:
(No) No CPAP 19/88 (21.6) Adjusted HR 12.2

(2.28, 64.7) &4

Statistically significant results are in bold font.
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Abbreviations: . = no information, CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, hr/noc = hours per night, ISAACC = Impact of Sleep
Apnea syndrome in the evolution of Acute Coronary syndrome. Effect of intervention with CPAP, ITT = intention-to-treat, MOSAIC = Multicentre Obstructive Sleep Apnoea
Interventional Cardiovascular trial, NNH = number needed to harm, NNT = number needed to treat, NR = not reported, NRCS = nonrandomized comparative study, ONSLEEP =
Okinawa Nakamura Sleep, OR = odds ratio, RCT = randomized controlled trial, RICCADSA = Randomized Intervention with Continuous Positive Airway Pressure in CAD and
OSA trial, SAVE = Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.

B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.

D Adjusted for age, gender, education, Charlson Comorbidity Index.

E Propensity matching (including age, sex, ethnicity, education level, BMI, AHI, smoking, driving a car, the respiratory disturbance index, the total sleep time, neck circumference,
hypertension, diabetes, history of myocardial infarction and angina, history of stroke, heart failure, history of a pacemaker, cholesterol and high-density lipoprotein levels, and
the Epworth sleepiness score).

F Propensity score analysis: age, sex, lifestyle (smoking, drinking), comorbid conditions including cardiovascular disease and/or stroke, other comorbid conditions, ESS, and AHI;
further adjusted for age, sex, BMI, ESS status, AHI status, oxygen saturation.

G Adjusted for hypertension, coronary heart disease, diabetes, AHI.

H This HR is for no CPAP versus CPAP, opposite of the typical analysis direction. We inverted the HR for CPAP vs. no CPAP in the meta-analysis: approximate HR 0.08 (95% CI
0.02, 0.44).

! Adjusted for age, smoking habit, hypertension, diabetes, pulmonary function testing, and categories of CPAP adherence.

J Effect size used in meta-analysis.

K Adjusted for age, sex, BMI, alcohol intake, diabetes, stroke, and ischemic cardiac disease. Note that study restricted to age >80 years old.
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Cardiovascular Mortality

Five studies (4 RCTs and 1 NRCS) comparing CPAP and no CPAP reported on incidence of
CVD mortality after about 4 to 7 years (Table 6).!% %103 112. 131 The studies included patients
with OSA but with different diagnostic methods, including specific AHI thresholds, or in the
case of the NRCS, inclusion in a registry. None of the studies was explicitly powered for CV
mortality and all were conducted by ITT or “as-prescribed” analysis (CPAP
treatment/prescription vs. no treatment/prescription). One RCT also reported an “as-treated”
analysis.

Randomized Controlled Trials (Cardiovascular Mortality)

The four RCTs evaluated different, but overlapping, sets of patients at about 4 years of
followup. Barbé 2012 included otherwise healthy adults 70 years or younger with at least
“moderate” OSA (AHI >20). RICCADSA included adults with recent coronary revascularization
also with at least “moderate” OSA (AHI >15). The SAVE trial included adults with CVD or
CeVD with “severe” OSA (ODI >12). The ISAACC trial included patients who had been
admitted to hospital for acute coronary syndrome and had an EES score of <10.

In all RCTs, patients and clinicians were not blinded, but outcome assessors were blinded in
Barbé 2012, SAVE and ISAACC. The SAVE trial and ISAACC were thus, rated to be at
moderate risk of bias, but the other two trials were further downgraded to high risk of bias due to
failure to adjust for significant differences in sleep study measures pre-treatment (Barbé 2012) or
high crossover rate (RICCADSA).

Across trials, effect sizes (OR or HR) ranged from 0.41 to 3.08, all statistically nonsignificant
and mostly highly imprecise. The NNT to prevent one CV death ranged from 31 to a NNH of
357 across studies. The summary effect size across the RCTs was imprecise at 0.99 (95% CI
0.64 to 1.53) (Figure 3). Under an assumption of a control rate of 1.8 percent (based on meta-
analysis), the summary NNT was 5656 (95% CI NNH 108 to NNT 156). The SAVE trial
reported both an ITT and a propensity score matched analysis of adherent CPAP users (see Table
6). The HR of the adherent analysis appeared to favor CPAP, but was highly imprecise and
statistically similar to the ITT analysis.

Adjusted Nonrandomized Comparative Study (Cardiovascular Mortality)

A single NRCS, ONSLEEP, evaluated CPAP treated and untreated patients in a national
registry.'3% 13! The study was deemed to of high risk of bias since the analysis of CVD mortality
was not adjusted for remaining differences between groups after propensity score matching
(whereas further adjustment was conducted for all-cause mortality). The NRCS reported a HR of
0.54 (95% C10.28 to 1.03) over a mean of 6.5 years of follow up (Figure 3).

All Studies (Cardiovascular Mortality)

Combining the single NRCS with the RCTs yielded a summary effect estimate of 0.79 (95%
CI 0.50 to 1.26; I =26%), with the heterogeneity resulting from the difference between the
ONSLEEP NRCS and the RCTs. Overall, the comparative studies did not provide definitive
evidence that CPAP reduces CV mortality (Figure 3). The sensitivity analysis showing the
change in results as the analysis borrows strength from the NRCS evidence is shown in
Appendix D, Figure D-3. Regardless of the weight given to the NRCS in the meta-analysis, the
OR remains unchanged.
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Heterogeneity of Treatment Effect (Cardiovascular Mortality)

None of the trials reported subgroup analyses. All studies were conducted by ITT (or “as-
prescribed”) analysis.

The four RCTs were statistically homogenous (I> = 0%). Thus, no potential differences in
effects could be elucidated based on eligibility criteria (e.g., history of CVD) or definition of
OSA based on either severity (i.e., AHI threshold) or details about how AHI was measured. In a
post hoc analysis, SAVE found no statistical difference in HR in its ITT and adherent users
analyses and no significant association in post hoc CPAP dose-response analyses and CV end
points. Across studies, there was no correlation between CPAP adherence and effect sizes.

Applicability (Cardiovascular Mortality)

Among the RCTs, about half the included participants (55%) were in the SAVE trial, which
was restricted to adults with severe OSA (ODI >12) and preexisting CAD or CeVD. All RCTs
excluded patients with excessive daytime sleepiness. The effect estimates from the other RCTs
were highly imprecise. The summary estimate is most applicable to patients who would meet
eligibility criteria for the SAVE trial. The NRCS, in contrast was conducted in generally healthy,
relatively younger (<70 years) participants. None of the studies provided analyses specifically of
patients who would be eligible for Medicare (due to age or disability).

Summary of Effect of CPAP on Cardiovascular Mortality

Four RCTs did not provide evidence that CPAP reduces the risk of CV mortality over about
3 to 5 years of followup (low SoE) (Table 4). This conclusion does not imply that CPAP has
been proven to be ineffective to reduce CV mortality. Study estimates, individually and by meta-
analysis were imprecise (summary ES 0.99 (95% CI 0.64 to 1.53). Inclusion of one NRCS of a
generally healthy population followed for about 6.5 years yielded a somewhat smaller effect size,
but did not change the conclusion (summary ES 0.79, 95% CI 0.50 to 1.26). The low SoE
suggests that we have limited confidence that the summary estimates (and their confidence
intervals) are close to the true effect. Additional evidence is needed before concluding either that
the findings are stable or that the estimate of effect is close to the true effect.

Figure 3. Meta-analysis of CPAP versus No CPAP: Cardiovascular mortality

Studies Flup, CPAP, No CPAP, Effect Size
mo n/N n/N (95% CI)

Barbé 2012 48 1/357 0/366 OR 3.08 (0.13, 76.0) =)

ISAACC 2021 40 12/629 14/626 HR 0.83 (0.38 1.80) B

RICCADSA 2016 57 3/122 7/122 OR 0.41 (0.10, 1.64) -

SAVE 2016 44 25/1346 20/1341 HR 1.22 (0.68, 2.20) —_—

RCT (12=0%) 41/2454 41/2455 0.99 (0.64, 1.53) e

ONSLEEP 2021 79 14/1274 26/1274 adjHR 0.54 (0.28, 1.03) —a——}

NRCS 14/1274 26/1274 0.54 (0.28, 1.03) —_—

Overall (1>=26%) 55/3728 67/3729 0.79 (0.50, 1.26) _
Favors CPAP Favors No CPAP
r T T T 1

0.1 0.2 0.5 1.0 2.0 5.0

Effect Size (log scale)
Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, HR = hazard ratio, I> =
measure of statistical heterogeneity ranging from 0% (none) to 100%, ISAACC = Impact of Sleep Apnea syndrome in the
evolution of Acute Coronary syndrome. Effect of intervention with CPAP, NA = not applicable, NR = not reported, NRCS =
nonrandomized comparative study, ONSLEEP = Okinawa Nakamura Sleep, RCT = randomized controlled trial, SAVE = Sleep
Apnea cardioVascular Endpoints trial.
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Table 6. CPAP versus no CPAP: Cardiovascular mortality

Study PMID Design Analysis Followup | Arm n/N (%) CPAP Adherence Effect Size (95% Cl)
(Powered? A) Duration Calculated NNT (95% CI) B
(mo)
Barbé 2012 22618923% | RCT ITT 48 CPAP 1/357 (0.3) 64% overall OR 3.08 (0.13,76.0) ©
(No) No CPAP | 0/366 (0) NNH 357 (NNH 121, NNT 373)
ISAACC 31839558103 RCT ITT 40 CPAP 12/629 (1.9) 38% overall HR 0.83 (0.38, 1.80)
(No) No CPAP | 14/626 (2.2) NNT 304 (NNH 80, NNT 52)
RICCADSA 26914592'!2 | RCT ITT 57 CPAP 3/122 (2.5) 60% at 1 yr OR 0.41 (0.10, 1.64) ©
(No) No CPAP | 7/122 (5.7) NNT 31 (NNH 60, NNT 12)
SAVE 2757104812 RCT ITT 44 CPAP 25/1346 (1.9) | 42% overall HR 1.22 (0.68, 2.20)
(No) No CPAP | 20/1341 (1.5) NNH 273 (NNH 75, NNT 166)
[Adherent analysis:
HR 0.90 (0.41, 2.01)]
ONSLEEP 33006309'3! | NRCS As-prescribed 79 CPAP 14/1274 (1.1) NR Adjusted HR 0.54 (0.28, 1.03)
(No) No CPAP | 26/1274 (2.0)

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, NNH = number needed to harm, NNT = number
needed to treat, NR = not reported, NRCS = nonrandomized comparative study, OR = odds ratio, PMID = PubMed Identifier, RCT = randomized controlled trial, RICCADSA =
Randomized Intervention with Continuous Positive Airway Pressure in CAD and OSA trial, SAVE = Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.

B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.
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Stroke and Transient Ischemic Attack

Seven studies evaluated stroke or TIA. Five RCTs comparing CPAP and no CPAP reported
on incidence of stroke and/or TIA after 1 or about 4 years (Table 7).!% %% 103. 109, 112 The stydies
included patients with OSA but with different diagnostic methods, including specific AHI
thresholds. None of the trials was explicitly powered for either stroke or TIA. All reported ITT
analyses. The SAVE trial also reported propensity score matched adherent CPAP users analyses.
Two adjusted NRCSs also reported on stroke.!** 13 One conducted an “as-prescribed” analysis
with propensity score matching of adults with OSA followed for 5 years. The second NRCS
evaluated patients with type 2 DM and OSA and compared adherent users (>4 hours per night,
>70% of nights) with nonadherent users.

The seven studies evaluated different, but overlapping, sets of patients. Three trials
(ISAACC, RICCADSA, and SAVE) were restricted to patients with existing CVD or CeVD.
One trial (Barbé 2012) excluded patients with CVD or chronic conditions and older adults (>70
years). One trial (PREDICT) was restricted to older adults (>65 years), regardless of CVD
history. One NRCS included all patients with OSA and the other included patients with type 2
DM. Four trials included patients with at least “moderate” OSA (AHI >15 or 20, or ODI >7.5);
SAVE was restricted to patients with severe OSA (ODI >12). The Sheth 2021 NRCS provided
CPAP for patients with AHI >5.

Two RCTs were deemed to be at high risk of bias either because baseline imbalances
between groups were not accounted for (Barbé 2012) or high crossover between groups
(RICCADSA). The other three RCTs were at moderate risk of bias for lack of patient and
clinician blinding (although PREDICT and SAVE blinded outcome assessors). Both NRCSs
were deemed to be at high risk of bias. One (Chang 2020) conducted a propensity score analysis,
but provided an inadequate description of their methods and results. The Sheth 2021 NRCS
conducted a simple regression and did not adequately report their results.

Stroke

All five trials evaluated risk of stroke (Figure 4). Effect sizes (OR or HR) ranged from 0.49
to 1.59 across studies, all statistically nonsignificant. NNT ranged from 41 to a NNH of 340
across studies. Most trials were highly imprecise. The summary effect size was 0.99 (95% CI
0.73 to 1.35; I> = 0%), which was imprecise and thus finds no evidence of an effect of CPAP on
risk of stroke. Under an assumption of a control rate of 1.9 percent (based on meta-analysis), the
summary NNT was 5364 (95% CI NNH 154 to NNT 198). In a propensity score matched
analysis of adherent CPAP users, the SAVE trial reported a stronger effect size that was just
statistically significant (see Table 7), but the study did not report whether this analysis was
significantly different than its primary ITT analysis. The two adjusted NRCSs (Chang 2020,
which reported an “as-prescribed” analysis, and Sheth 2021, which compared adherent and
nonadherent CPAP users) both reported imprecise effect estimates of stroke (adjusted HR 0.68
and adjusted OR 0.85). Addition of the NRCS to the RCTs did not substantially alter the
summary estimate (ES 0.90, 95% CI0.70 to 1.17, I> = 0%).

Transient Ischemic Attack

Four trials evaluated risk of TIA (Figure 5). SAVE and ISAACC specified the outcome as
hospitalization due to TIA. Three of the trials were highly imprecise; the largest trial, SAVE,
found somewhat more patients in the CPAP group were hospitalized for TIA than in the no
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CPAP group, but the estimate was still imprecise. Effect sizes ranged from 0.41 to 1.99 and NNT
ranged from 120 to a NNH of 314 across trials. Across all four trials (combining TIA and
hospitalization for TIA) the summary effect size was 1.21 (95% CI 0.56 to 2.63; I =16%), which
was highly imprecise, precluding a conclusion regarding the effect of CPAP on risk of TIA.
Under an assumption of a control rate of 0.7 percent (based on meta-analysis), the summary
NNH was 658 (95% CI NNH 86 to NNT 313). The SAVE trial’s analysis of adherent CPAP
users yielded an even more imprecise estimate (Table 7).

Heterogeneity of Treatment Effect (Stroke and TIA)

None of the RCTs reported subgroup analyses. The NRCS (Chang 2020) stratified their
analyses of stroke outcomes by gender and by age groups. Across all groups adjusted HRs were
mostly highly imprecise and all were nonsignificant. There was no evidence of differences
between groups. For both stroke and TIA outcomes, studies were mostly highly imprecise and
were homogeneous across studies, precluding cross-study comparisons. The SAVE trial found a
stronger effect on stroke in its analyses of adherent CPAP users than its ITT analysis, but they
reported no significant association in post hoc CPAP dose-response analyses and CV end points.

Applicability (Stroke and TIA)

The findings are likely most applicable to patients who would meet eligibility criteria for the
SAVE trial (since it was by far the largest study), which was restricted to adults with severe OSA
(ODI >12) and preexisting CAD or CeVD, but excluding patients with excessive daytime
sleepiness. The effect estimates from the other RCTs were highly imprecise. Although, their
findings were imprecise, the PREDICT trial may be most applicable to the Medicare population
since the trial was restricted to older adults. No trial specifically included participants who would
qualify for Medicare based on disability.

Summary of Effect of CPAP on Stroke and Transient Ischemic Attack

Five RCTs do not provide evidence that CPAP reduces the risk of stroke (Table 4), based on
a somewhat imprecise estimate of effect (summary ES 0.99, 95% CI 0.73 to 1.35); SoE is low.
This conclusion does not imply that CPAP has been proven to be ineffective to reduce stroke.
Findings from two high risk of bias adjusted NRCSs do not alter these conclusions. The low SoE
suggests that we have limited confidence that the summary estimates (and their confidence
intervals) are close to the true effect. Additional evidence is needed before concluding either that
the findings are stable or that the estimate of effect is close to the true effect.

Four RCTs yielded a highly imprecise estimate of the effect of CPAP on risk of TIA and,
thus, provide insufficient evidence.
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Figure 4. Meta-analysis of CPAP versus No CPAP: Stroke incidence

Studies
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OR 1.54 (0.26, 9.29)
HR 1.59 (0.52, 4.85)
OR 1.03 (0.02, 52.16)
OR 0.49 (0.12,1.99)
HR 0.98 (0.69, 1.39)

0.99 (0.73, 1.35)

HR 0.68 (0.38, 1.23)
OR 0.85 (0.41, 1.79)
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r T T 1
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Effect Size (log scale)
Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, I = measure of
statistical heterogeneity ranging from 0% (none) to 100%, ISAACC = Impact of Sleep Apnea syndrome in the evolution of Acute
Coronary syndrome. Effect of intervention with CPAP, PREDICT = trial with undefined acronym, RCT = randomized controlled
trial, SAVE = Sleep Apnea cardioVascular Endpoints trial.

Figure 5. Meta-analysis of CPAP versus No CPAP: Transient ischemic attack

incidence
Studies Flup, CPAP No CPAP Effect Size
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Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, I? = measure of
statistical heterogeneity ranging from 0% (none) to 100%, ISAACC = Impact of Sleep Apnea syndrome in the evolution of Acute
Coronary syndrome. Effect of intervention with CPAP, PREDICT = trial with undefined acronym, RCT = randomized controlled
trial, Sleep Apnea cardioVascular Endpoints trial, TIA = transient ischemic attack.
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Table 7. CPAP versus no CPAP: Stroke and transient of ischemic attack

Study PMID Design | Outcome Analysis Followup | Arm CPAP n/N (%) Effect Size (95% CI)
(Powered? #A) | Duration Adherence Calculated NNT (95% CI) B
(mo)

Barbé 2012 RCT Stroke ITT 48 CPAP 64% overall 3/357 (0.8) OR 1.54 (0.26, 9.29) ©
22618923% (No) No CPAP 2/366 (0.5) NNH 340 (NNH 66, NNT 109)
ISAACC, RCT Stroke ITT 40 CPAP 38% overall 8/629 (1.3) HR 1.59 (0.52, 4.85)
31839558!% (No) No CPAP 5/626 (0.8) NNH 319 (NNH 68, NNT 118)
PREDICT RCT Stroke ITT 12 CPAP 35% at 1 yr 0/114 (0) OR 1.03 (0.02, 52.2) ©
25172769'% (No) No CPAP 0/117 (0) NNT Not calculable
RICCADSA RCT Stroke ITT 57 CPAP 60% at 1 yr 3/122 (2.5) OR 0.49 (0.12, 2.00) ©
26914592112 (No) No CPAP 6/122 (4.9) NNT 41 (NNH 44, NNT 14)
SAVE RCT Stroke ITT 44 CPAP 42% overall 67/1346 (5.0) HR 0.97 (0.69, 1.35)
2757104812 (No) No CPAP 68/1341 (5.1) NNT 1074 (NNH 64, NNT 57)

[Adherent analysis:

HR 0.56 (0.32, 1.00)]
Chang 2020, NRCS Stroke As-prescribed | 59 CPAP NR NR/959 (NR) adjHR 0.68 (0.38, 1.23)
32421898136 (No) No CPAP NR/959 (NR)
Sheth 2021, NRCS Stroke Adherent vs. 30 CPAP adherent | 100% 14/~179 P adjOR 0.85 (0.41, 1.79)
3372991013 nonadherent Nonadherent 34/~219 D

(No)

Barbé 2012 RCT TIA ITT 48 CPAP 64% overall 2/357 (0.6) OR 0.41 (0.08, 2.11) ©
22618923% (No) No CPAP 5/366 (1.4) NNT 124 (NNH 163, NNT 45)
PREDICT RCT TIA ITT 12 CPAP 35% at 1 yr 1/114 (0.9) OR 0.51 (0.05, 5.69) ©
25172769'% (No) No CPAP 21117 (1.7) NNT 120 (NNH 48, NNT 27)
ISAACC, RCT Hospitaliza | ITT 40 CPAP 38% overall 4/629 (0.6) HR 1.99 (0.37, 10.9)
31839558103 tion for TIA | (No) No CPAP 2/626 (0.3) NNH 314 (NNH 93, NNT 226)
SAVE RCT Hospitaliza | ITT 44 CPAP 42% overall 16/1346 (1.2) HR 1.88 (0.83, 4.28)
2757104812 tion for TIA | (No) No CPAP 9/1341 (0.7) NNH 193 (NNH 80, NNT 481)

[Adherent analysis:
HR 0.22 (0.03, 2.01)]

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, NNH = number needed to harm, NNT = number

needed to treat, NR = not reported, OR = odds ratio, PREDICT = trial with undefined acronym, RCT = randomized controlled trial, RICCADSA = Randomized Intervention with
Continuous Positive Airway Pressure in CAD and OSA trial, Sleep Apnea cardioVascular Endpoints trial, TIA = transient ischemic attack.

A Explicitly powered for this outcome.
B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur

per the reported number of people treated (within the 95% CI).

€ Calculated.

D Number of participants analyzed in regression not adequately reported.
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Acute Myocardial Infarction

Five RCTs comparing CPAP and no CPAP reported on incidence of acute MI after 1 or
about 4 years (Table 8).!% %% 103.10% 112 The stydies included patients with OSA but with different
diagnostic methods, including specific AHI thresholds. None of the trials was explicitly powered
for MI. All reported ITT analyses; the SAVE trial also reported a propensity score matched
adherent CPAP users analysis.

The five RCTs evaluated different, but overlapping, sets of patients. Three trials (ISAAC,
SAVE, and RICCADSA) were restricted to patients with existing CVD or CeVD. One trial
(Barbé 2012) excluded patients with CVD or chronic conditions and older adults (>70 years).
One trial (PREDICT) was restricted to older adults (>65 years), regardless of CVD history. Four
trials included patients with at least “moderate” OSA (AHI >15 or 20, or ODI >7.5); SAVE was
restricted to patients with severe OSA (ODI >12).

Two RCTs were deemed to be at high risk of bias either because baseline imbalances
between groups were not accounted for (Barbé 2012) or high crossover between groups
(RICCADSA). The other three RCTs were at moderate risk of bias for lack of patient and
clinician blinding (although PREDICT and SAVE blinded outcome assessors). Across the five
RCTs there was a wide range of effect size estimates (OR or HR) from 0.25 to 7.38, but
estimates were all imprecise (or highly imprecise) and statistically nonsignificant. One study
suggested a NNT of 62 and the other three had NNHs ranging from 38 to 472. The summary
effect size across the RCTs was nonsignificant at 1.05 (95% C1 0.78 to 1.41) (Figure 6). With the
wide confidence intervals within each study, the meta-analysis was statistically homogeneous (I?
~0%). Under an assumption of a control rate of 3.2 percent (by meta-analysis), the summary
NNH was 653 (95% CI NNH 80 to NNT 147).

Heterogeneity of Treatment Effect (Acute Myocardial Infarction)

None of the trials reported subgroup analyses. The four RCTs were statistically homogenous;
thus, no potential differences in effects based on factors of interest could be elucidated. The
SAVE trial found no difference in effect in its analysis of adherent CPAP users than its ITT
analysis (Table 8). They also reported no significant association in post hoc CPAP dose-response
analyses and CV end points.

Applicability (Acute Myocardial Infarction)

The findings are likely most applicable to patients who would meet eligibility criteria for the
SAVE or ISAAC trials, which was restricted to adults with preexisting CAD or CeVD and
moderate to severe OSA. The effect estimates from the other RCTs were highly imprecise.
Although, their findings were imprecise, the PREDICT trial may be most applicable to the
Medicare population since the trial was restricted to older adults. No trial specifically included
participants who would qualify for Medicare based on disability.

Summary of Effect of CPAP on Acute Myocardial Infarction

Five trials did not provide evidence that CPAP reduces the risk of acute MI (Table 4). This
conclusion does not imply that CPAP has been proven to be ineffective to reduce acute MI. The
RCTs reported a wide range of estimates of effect of CPAP on acute MI, but all were statistically
nonsignificant and the meta-analysis was statistically homogeneous. By meta-analysis, the RCTs
failed to find a significant difference in risk of acute MI (summary ES 1.05, 95% CI 0.78 to
1.41). In aggregate, the studies were of moderate risk of bias and provided an imprecise estimate
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of effect. The low SoE suggests that we have limited confidence that the summary estimates (and
their confidence intervals) are close to the true effect. Additional evidence is needed before
concluding either that the findings are stable or that the estimate of effect is close to the true
effect.

Figure 6. Meta-analysis of CPAP versus No CPAP: Acute myocardial infarction
incidence

Studies Flup,  CPAP, No CPAP, Effect Size
mo n/N n/IN (95% CI)
Barbé 2012 48 2/357 8/366 OR 0.25 (0.05, 1.20) =
ISAACC 2020 40 37/629 35/626 HR 1.04 (0.66, 1.65) —
PREDICT 2014 12 3/114 0/117 OR 7.38 (0.38, 144) =)
RICCADSA 2016 57 11/122 8/122 OR 1.41 (0.55, 3.64) —_—r
SAVE 2016 44 42/1346  39/1341 HR 1.06 (0.68, 1.64)
Overall (1=0%) 95/2568  90/2572 1.05 (0.78, 1.41) 1
Favors CPAP Favors No CPAP

T T T T T T T 1
0.05 0.1 0.2 0.5 1.0 2.0 5.0 10.0

Effect Size (log scale)

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, I = measure of
statistical heterogeneity ranging from 0% (none) to 100%, ISAACC = Impact of Sleep Apnea syndrome in the evolution of Acute
Coronary syndrome. Effect of intervention with CPAP, PREDICT = trial with undefined acronym, Sleep Apnea cardioVascular
Endpoints trial.
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Table 8. CPAP versus no CPAP: Acute myocardial infarction

Study PMID Design | Analysis Followup Arm CPAP Adherence n/N (%) Effect Size (95% CI)
(Powered? A) Duration (mo) Calculated NNT (95% CI) B
Barbé 2012 RCT ITT 48 CPAP 64% overall 2/357 (0.6) OR 0.25 (0.05, 1.20) ©
22618923% (No) No CPAP 8/366 (2.2) NNT 62 (NNH 1647, NNT 30)
ISAACC, RCT ITT 40 CPAP 38% overall 371629 (5.9) HR 1.04 (0.66, 1.65)
31839558193 (No) No CPAP 35/626 (5.6) NNH 315 (NNH 35, NNT 44)
PREDICT RCT ITT 12 CPAP 35% at 1 yr 3/114 (2.6) OR 7.38 (0.38, 144) ¢
25172769'% No CPAP 0/117 (0) NNH 38 (NNH 18, NNT 326)
RICCADSA RCT ITT 57 CPAP 60% at 1 yr 11/122 (9.0) OR 1.41 (0.55, 3.64) ©
26914592112 (No) No CPAP 8/122 (6.6) NNH 41 (NNH 11, NNT 23)
SAVE 275710482 | RCT ITT 44 CPAP 42% overall 42/1346 (3.1) | HR 1.06 (0.68, 1.64)
(No) No CPAP 39/1341 (2.9) | NNH 472 (NNH 66, NNT 93)
[Adherent analysis:
HR 1.19 (0.59, 2.39)]

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, NNH = number needed to harm, NNT = number
needed to treat, NR = not reported, OR = odds ratio, PREDICT = trial with undefined acronym, RCT = randomized controlled trial, RICCADSA = Randomized Intervention with
Continuous Positive Airway Pressure in CAD and OSA trial, Sleep Apnea cardioVascular Endpoints trial, TIA = transient ischemic attack.

A Explicitly powered for this outcome.

B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.

63



Angina

Three RCTS reported on risk of angina. The PREDICT trial reported on incidence of angina
at 1 year'” and the SAVE trial and ISAACC trial reported on incidence of hospitalization for
unstable angina at 3.3 to 3.7 years (Table 9).!% 1% The PREDICT trial was restricted to older
adults (=65 years), regardless of CVD history while the SAVE and ISAAC trial included only
adults with existing CVD or CeVD. The three trials were deemed to be at moderate risk of bias.
None was explicitly powered for angina. All reported ITT analyses; SAVE also reported a
propensity score matched adherers analysis.

PREDICT provided a highly imprecise estimate of effect of CPAP on incident angina (OR
0.68; 95% CI 0.11 to 4.18; NNT 126). SAVE and ISAACC both found no significant difference
in risk of hospitalization for unstable angina (SAVE: HR 1.09, 95% CI 0.82 to 1.45, NNH 155;
ISAACC: HR 0.73, 95% C1 0.47 to 1.13, NNT 52). The analysis CPAP adherers yielded a
similar estimate in the SAVE trial (Table 9). SAVE also reported no significant association in
post hoc CPAP dose-response analyses and CV end points.

Heterogeneity of Treatment Effect (Angina)

None of the studies reported subgroup analyses. Participants in the SAVE and ISAACC trials
(who were selected in part based on CV risk factors) were at higher risk of angina than in the
PREDICT trial (who were selected based only on older age). However, there was no discernable
difference among studies. As noted, the effect of CPAP did not vary based on adherence.

Applicability (Angina)
The findings are most applicable to patients who would meet eligibility criteria for the SAVE
or ISAACC trials, which were restricted to adults with preexisting CAD or CeVD.

Summary of Effect of CPAP on Angina

With a single RCT evaluating angina and two RCTs evaluating hospitalization for angina,
together with imprecision of estimates in the trials, there is insufficient evidence to determine the
effect of CPAP on risk of incident angina or hospitalization for unstable angina (Table 4).
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Table 9. CPAP versus no CPAP:

Angina

angina

Study Design | Outcome Analysis Followup Arm CPAP Adherence n/N (%) Effect Size (95% Cl)
PMID (Powered? #) | Duration Calculated NNT (95% CI) B
(mo)
ISAACC, RCT Hospital ITT 40 CPAP 38% overall 34/629 (5.4) HR 0.73 (0.47, 1.13)
31839558103 admission for (No) No CPAP 46/626 (7.3) NNT 52 (NNH 127, NNT 22)
unstable angina

PREDICT RCT Angina ITT 12 CPAP 35% at 1 yr 2/113 (1.8) OR0.68 (0.11, 4.18) €
25172769'% (No) No CPAP 3/117 (2.6) NNT 126 (NNH 34, NNT 22)
SAVE RCT Hospitalization ITT 44 CPAP 42% overall 99/1346 (7.4) | HR 1.09 (0.82, 1.45)
2757104812 for unstable (No) No CPAP 90/1341 (6.7) | NNH 155 (NNH 39, NNT 78)

[Adherent analysis:
HR 0.99 (0.64, 1.51)]

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, NNH = number needed to harm, NNT = number
needed to treat, NR = not reported, OR = odds ratio, PREDICT = trial with undefined acronym, RCT = randomized controlled trial, Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.
B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.

65



Revascularization

Four studies (three RCTs and one NRCS) comparing CPAP and no CPAP reported on
incidence of revascularization (Table 10).!% 193112135 Ty studies (RICCADSA, and the Wu
2015 [Beijing] NRCS) included only patients with prior coronary artery revascularization. These
studies evaluated the risk of repeat coronary artery revascularization. In contrast, ISAACC
included patients who were hospitalized for acute coronary syndrome. The SAVE RCT included
patients with any history of CVD or CeVD and evaluated the risk of any (major) arterial
revascularization, including coronary artery, peripheral artery, or carotid artery (stent insertion).
The studies evaluated patients at 3.3 to 5 years of followup. The studies included patients with
OSA, but with different diagnostic methods, including specific AHI thresholds.

Randomized Controlled Trials (Revascularization)

The three RCTs evaluated different outcomes (the occurrence of subsequent repeat coronary
artery revascularization, first coronary artery revascularization, and any major arterial
revascularization). None of the RCTs blinded patients or their clinicians, but SAVE and
ISAACC blinded outcome assessors and were deemed to be at moderate risk of bias.
RICCADSA was deemed to be at high risk of bias due to a high crossover rate. No trial was
explicitly powered for a revascularization outcome. Each trial reported an ITT analysis, but
SAVE also reported a post hoc propensity score matched analysis of CPAP adherers.

The SAVE trial found no significant difference in risk for any subsequent arterial
revascularization procedure at a mean of 3.7 years followup (OR 1.31; 95% CI 0.91 to 1.89;
NNH 41) in patients with prior history of any CVD or CeVD (Table 10).!?> The CPAP adherers
analysis found a similar result.

ISAACC found no significant difference in risk of revascularization at a mean of 3.3 years
(HR 0.98; 95% C1 0.70 to 1.38; NNT 1989) in nonsleepy patients who had been admitted to
hospital for acute coronary syndrome.'®?

RICCADSA found no significant difference in risk of repeat coronary revascularization at a
mean of 4.7 years (OR 1.25; 95% CI 0.59 to 2.66; NNH 85) in patients with prior coronary artery
revascularization.!'!?

Adjusted Nonrandomized Comparative Study (Revascularization)

The Wu 2015 (Beijing) NRCS was deemed to be at moderate risk of bias for failure to use
propensity score matching (or equivalent methodology). As all NRCSs, the study was not
explicitly reported to be powered for this outcome. The study compared adherent CPAP users
with those who refused CPAP or were nonadherent. The study found a statistically significant
association between no CPAP use and increased risk of repeat coronary artery revascularization
(adjusted HR of no CPAP vs. CPAP 2.13, 95% CI 1.19 to 3.81) at a mean of 4.8 years of
followup.'?® Particularly as an analysis of adherent users, this NRCS may have been subject to
uncontrolled biases related to self-selection of CPAP use and adherence.

Heterogeneity of Treatment Effect (Revascularization)

None of the studies reported subgroup analyses and no explanations for differences in
findings across studies were evident. SAVE reported no significant association in post hoc CPAP
dose-response analyses and CV end points.
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Applicability (Revascularization)

The findings regarding risk of any vascularization are applicable to people with preexisting
CAD or CeVD. By definition, the findings regarding the risk of repeat coronary artery
revascularization are intended to be applicable to people who have had prior coronary artery
revascularization. None of the studies specifically addressed patients who would be eligible for
Medicare enrollment based on either age or disability status.

Summary of Effect of CPAP on Revascularization

Two of the RCTs evaluated related, but distinct outcomes (first coronary revascularization
and any revascularization). With only a single trial evaluating any (major) first revascularization
(coronary, peripheral, or carotid arteries), there is insufficient evidence to make a conclusion
regarding the effect of CPAP on these outcomes (Table 4).

There is also insufficient evidence regarding the effect of CPAP on risk of repeat coronary
artery revascularization. The RCT and NRCS effect measures differ in both direction and
significance, with the RCTs showing a nonsignificantly lower OR for revascularization in the no
CPAP group, while the single NRCS shows a significantly higher adjusted HR for
revascularization in the no CPAP group.
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Table 10. CPAP versus no CPAP: Revascularization

Study Design | Outcome Analysis Followup | Arm CPAP Adherence n/N (%) Effect Size (95% CI)
PMID (Powered? #) | Duration Calculated NNT (95% CI) B
(mo)
ISAACC, RCT Revascularization | ITT 40 CPAP 38% overall 66/629 (10.5) HR 0.98 (0.70, 1.38)
3183955819 (No) No CPAP 66/626 (10.5) NNT 1989 (NNH 30, NNT 29)
RICCADSA | RCT Repeat coronary | ITT 57 CPAP 60% at 1 yr 17/122 (13.9) OR 1.25 (0.59, 2.66) ©
26914592112 revascularization No CPAP 14/122 (11.5) NNH 41 (NNH 9, NNT 17)
SAVE RCT Any ITT 44 CPAP 42% overall 69/1346 (5.1) OR 1.31(0.91, 1.89) ¢
275710482 revascularization | (No) No CPAP 53/1341 (4.0) NNH 85 (NNH 36, NNT 250)
[Adherent analysis:
HR 1.25 (0.79, 1.96)]
Wu 2015 NRCS | Repeat coronary | Adherent vs. 60 CPAP 100% (adherent) 15/128 (11.7) No CPAP vs. CPAP:
(Beijing) revascularization | nonuse / adherent Adjusted HR 2.13 (1.19, 3.81) P
2541215913 nonadherent No CPAP 35/167 (21.0)
(No)

Statistically significant results are in bold font.

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, NNH = number needed to harm, NNT = number
needed to treat, OR = odds ratio, RCT = randomized controlled trial, RICCADSA = Randomized Intervention with Continuous Positive Airway Pressure in CAD and OSA trial,
SAVE = Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.
B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.

D This HR is for no CPAP versus CPAP, opposite of other comparisons. Adjusted for age, sex, BMI, clinical presentation (i.e., stable angina, NSTACS, STEMI), smoking,
hypertension, type 2 diabetes, dyslipidemia, history of myocardial infarction, cerebrovascular disease, peripheral arterial disease, renal failure, heart failure (LVEF 40%), extent
of diseased or treated vessel, revascularization type (i.e., emergency vs elective), adjunctive medical therapy.
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Congestive Heart Failure

Three RCTs and one NRCS comparing CPAP and no CPAP reported on incidence of either
CHF®* 2% or hospitalization for CHF (Table 11).!% 1% The studies evaluated distinct populations.
The two studies that reported incident CHF included either otherwise healthy participants (RCT
Barbé 2012) or resistant HTN (NRCS Navarro-Soriano 2021). The two RCTs that reported
hospitalization for CHF included either patients admitted to hospital for acute coronary
syndrome (ISAACC) or more general histories of either CVD or CeVD (SAVE). Rates of
incident CHF or hospitalization for CHF varied widely across studies, from 0.8 to 7.4 percent.

In all studies, patients and clinicians were not blinded. SAVE and ISAACC trials were
deemed to be at moderate risk of bias. Barbé 2012, however, had significant differences in
baseline AHI between groups that was not accounted for in their analyses; thus, the study was
deemed to be at high risk of bias. Navarro-Soriano 2021 reported on a secondary analysis of a
completed RCT in which adherent CPAP users were compared with combined nonadherent users
and those not offered CPAP; the NRCS was deemed to be at high risk of bias, primarily for using
a simple regression analysis. No study was explicitly powered for a CHF outcome. The three
RCTs reported ITT analyses. The Navarro-Soriano 2021 NRCS compared adherent users versus
nonadherent users and nonusers and SAVE also reported a post hoc propensity score matched
analysis of CPAP adherers.

Barbé 2012 and Navarro-Soriano 2021 each found highly imprecise estimates of the
difference in risk of incident CHF at 4 to 5 years of followup (Table 11). Similarly, ISAACC and
SAVE each found imprecise estimates of the incidence of hospitalization for CHF at about 3 to 4
years of followup. The SAVE analysis of CPAP adherers yielded very similar results.

Heterogeneity of Treatment Effect (CHF)

The RCTs did not report subgroup analyses. SAVE reported no significant association in post
hoc CPAP dose-response analyses and CV end points. The four RCTs were imprecise, given the
relatively low incidence of CHF; thus, no differences could be discerned between trials.

Applicability (CHF)

The four trials covered different populations. In theory, this would broaden applicability
beyond any given study characteristics; however, given the imprecise (and, thus, inconclusive)
findings, the true applicability is unclear.

Summary of Effect of CPAP on Congestive Heart Failure
With few studies addressing each outcome and imprecise or highly imprecise estimates, there

is insufficient evidence to determine the effect of CPAP on risk of CHF or hospitalization for
CHF (Table 4).
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Table 11. CPAP versus no CPAP:

Congestive heart failure

Study PMID Design | Outcome Analysis Followup | Arm CPAP n/N (%) Effect Size (95% CI)
(Powered? ) | Duration Adherence Calculated NNT (95% CI) B
(mo)
Barbé 2012 RCT CHF ITT 48 CPAP 64% 3/357 (0.8) OR0.61 (0.15,2.58) ©
22618923% (No) No CPAP overall 5/366 (1.4) NNT 190 (NNH 101, NNT 49)
Navarro- NRCS | CHF Adherent vs. 58 CPAP 100% 5/95 (5.3) No CPAP vs. CPAP
Soriano, 2021, nonuse / adherent HR 1.3 (0.4, 4.2)
32029279'» nonadherent No CPAP use 5/68 (7.4)
(No)
ISAACC, RCT Hospitalization | ITT 40 CPAP 38% 22/629 (3.5) | HR 0.86 (0.49, 1.53)
31839558103 for CHF (No) No CPAP overall 25/626 (4.0) | NNT 202 (NNH 62, NNT 39)
SAVE RCT Hospitalization | ITT 44 CPAP 42% 17/1346 (1.3) | HR 0.98 (0.50, 1.92)
275710482 for CHF (No) No CPAP overall 17/1341 (1.3) | NNT 21,235 (NNH 119, NNT 118)

[Adherent analysis:
HR 0.82 (0.34, 2.03)]

Abbreviations: CHF = congestive heart failure, CPAP = continuous positive airway pressure, CI = confidence interval, HR = hazard ratio, ITT = intention-to-treat, NNH = number
needed to harm, NNT = number needed to treat, OR = odds ratio, RCT = randomized controlled trial, Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.
B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.
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Atrial Fibrillation

Three RCTs and one NRCS reported on risk of AFib, with followup between 1 and 4.8 years
(Table 12).'%193:12% Two of the trials included patients with different CV risk factors, including
hospitalization for acute coronary syndrome (ISAACC) and existing CVD or CeVD (SAVE).
The Navarro-Soriano 2021 NRCS included participants with resistant HTN. The PREDICT trial
was restricted to older adults (>65 years), regardless of CVD history. ISAACC evaluated a
composite of AFib and other (undefined) arrhythmias. The four trials were deemed to be at
moderate risk of bias. All trials were conducted by ITT analysis, but SAVE also reported a
propensity score matched analysis of CPAP adherers. None was explicitly powered for AFib.
The NRCS compared adherent users versus nonadherent users and nonusers.

The three RCTs all found imprecise or highly imprecise estimates of effect, with a range of
effect sizes (OR or HR) from 0.48 to 1.47. Meta-analysis also yielded an imprecise effect (ES
0.89, 95% CI 0.48 to 1.63, I> = 49%), with a moderate degree of statistical heterogeneity (related
to the stronger effect size seen in PREDICT compared with other trials) (Figure 7). Under an
assumption of a control rate of 4.0 percent (by meta-analysis), the summary NNT was 233 (95%
CINNH 42 to NNT 48). Addition of the Navarro-Soriano 2021 NRCS did not substantively
change the summary effect size (0.94, 95% CI 0.58 to 1.51, I = 28%) (Figure 7). The SAVE
CPAP adherers analysis found a similar result.

Heterogeneity of Treatment Effect (AFib)

None of the studies reported subgroup analyses. SAVE reported no significant association in
post hoc CPAP dose-response analyses and CV end points. The PREDICT trial (of older adults
not selected for CV risk factors) had a relatively high incidence of AFib and found a stronger
effect than the other trials, but the explanation is unclear.

Applicability (AFib)

The four studies covered different populations, but mostly with risk factors for CVD. In
theory, this would broaden applicability beyond any given study characteristics; however, given
the imprecise (and, thus, inconclusive) findings, the true applicability is unclear.

Summary of Effect of CPAP on Atrial Fibrillation

Three RCTs do not provide evidence that CPAP affects the risk of AFib, with low SoE
(Table 4). The low SoE for the conclusions suggests that we have limited confidence that the
summary estimates (and their confidence intervals) are close to the true effect. Additional
evidence is needed before concluding that the findings are stable or that the estimate of effect is
close to the true effect Inclusion of a single NRCS comparing adherent CPAP users and nonusers
did not change the conclusion. The overall estimate of effect was imprecise.
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Figure 7. Meta-analysis of CPAP versus No CPAP:

Studies

ISAACC 2020
PREDICT 2014
SAVE 2016
RCT {P=48%)

Flup, CPAP, NoCPAP, Effect Size

mo
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Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, HR = hazard ratio, I> =
measure of statistical heterogeneity ranging from 0% (none) to 100%, ISAACC = Impact of Sleep Apnea syndrome in the
evolution of Acute Coronary syndrome. Effect of intervention with CPAP, NRCS = nonrandomized comparative study, OR =
odds ratio, PREDICT = trial with undefined acronym, RCT = randomized controlled trial, SAVE = Sleep Apnea cardioVascular

Endpoints trial.

* Approximate hazard ratio, which was reported for no CPAP versus CPAP.
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Table 12. CPAP versus no CPAP: Atrial fibrillation

2021, 32029279'%

nonadherent
(No)

No CPAP

5/68 (7.4)

Study PMID Design | Analysis Followup Arm CPAP n/N (%) Effect Size (95% CI)
(Powered? A) Duration (mo) Adherence Calculated NNT (95% CI) B
ISAACC 31839558 | RCT ITT 40 CPAP 38% 14/629 (2.2) | HR 0.81 (0.40, 1.65)©
(No) No CPAP overall 17/626 (2.7) | NNT 204 (NNH 81, NNT 45)
PREDICT RCT ITT 12 CPAP 35%at1yr | 7/114 (6.1) OR 0.48 (0.19, 1.24) P
251727691 (No) No CPAP 14/117 (12.0) | NNT 17 (NNH 66, NNT 8)
SAVE 275710482 RCT ITT 44 CPAP 42% 22/1346 (1.6) | OR 1.47 (0.76, 2.84) P
(No) No CPAP overall 15/1341 (1.1) | NNH 194 (NNH 72, NNT 274)
[Adherent analysis:
HR 1.84 (0.74, 4.55)]
Navarro-Soriano NRCS | Adherent vs. nonuse / | 58 CPAP adherent | 100% 10/95 (10.5) | No CPAP vs. CPAP

HR 0.9 (0.3, 2.6)

Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, HR = hazard ratio, ITT = intention-to-treat, NNH = number needed to harm, NNT = number
needed to treat, OR = odds ratio, PREDICT = trial with undefined acronym, RCT = randomized controlled trial, Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.

B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur

per the reported number of people treated (within the 95% CI).

€ Atrial fibrillation or other arrhythmias.

D Calculated.
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Composite Cardiovascular Outcomes

Twelve studies (7 RCTs and 5 NRCSs) comparing CPAP and no CPAP reported on various
composite CV outcomes (Tables 13 and 14).!1% %% 102, 103,106,107, 109, 112, 128, 129, 133-135 Gy Jjes
evaluated a wide range of followup times (from 1 to 20 years). The studies included patients with
OSA but with different diagnostic methods, including specific AHI thresholds or database
classification (e.g., International Statistical Classification of Diseases and Related Health
Problems [ICD] 9 or 10 codes).

Randomized Controlled Trials (Composite Cardiovascular Outcomes)

Seven RCTs evaluated 11 unique (though overlapping) composite CV outcomes, as
described in Table 13, across 1 to about 5 years of followup. Participant eligibility criteria varied
across studies, including studies restricted to patients with known CVD (or CeVD) and studies of
generally healthy patients (other than OSA).

Four of the trials were deemed to be at moderate risk of bias for lack of blinding of patients
and their clinicians, but blinding of outcome assessors (Huang 2015, ISAACC, PREDICT,
SAVE). Three trials were at high risk of bias for failure to adjust for baseline differences in AHI
(Barbé 2012), high dropout rate (MOSAIC), and high crossover rate (RICCADSA).

Three of the RCTs based their power calculations on composite CV outcomes (SAVE,
RICCADSA, ISAACC); however, RICCADSA was ultimately underpowered. None of these
studies found a statistically significant or, per their power calculations, a clinically meaningful
effect. The RICCADSA trial determined its sample size on a predicted difference in risk of
composite CV mortality, acute MI, and new revascularization. Prior to the study they predicted
about 25 percent of participants would be nonadherent with CPAP and that 25 percent of
participants assigned to no CPAP would have the outcome within 3 years, compared with 10
percent of those using CPAP. A blinded interim analysis found that, in fact, 40 percent of
participants were nonadherent and that 21 percent had an incident outcome. The trial was thus
enlarged (from a goal of 200 to 242 patient) and the followup was extended to at least 2 years
based on a predicted risk reduction from 25 to 12 percent. Ultimately, the authors noted that the
study remained underpowered (i.e., that the study found a statistically nonsignificant difference
in the primary outcome).

The SAVE trial originally planned to recruit 5000 participants based on a 20 percent relative
reduction (from an annual 6.0% to 4.8%) in the risk of composite CV death, nonfatal M1,
nonfatal stroke, and any hospitalization for unstable angina, CHF, or TIA. However, due in part
to recruitment difficulties and a blinded interim analysis that found better-than-expected CPAP
adherence and an annual event rate of 6.86 percent, they revised their sample size to 2500, which
they predicted would have 90 percent power to detect a 25 percent lower primary outcome rate
over a mean of 4.5 years.

The ISAACC trial met its recruitment goal of 1242 participants for analysis. Their power
calculation assumed a 25 percent relative reduction in the risk of a new CV event in a population
of patients hospitalized with acute coronary syndrome. They assumed that more than 12 to 20
percent of patients would have new CV event after 1 year. Their primary outcome was a
composite of CV death; nonfatal MI or stroke; and hospital admission for CHF, unstable angina
or TIA.

Six of the seven RCTs were analyzed on an ITT basis, comparing those prescribed CPAP
with those not prescribed CPAP. In contrast, Huang 2015 excluded the 9.5 percent of
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participants with poor adherence (mean CPAP use <4 hours/night). Among the trials reporting
ITT analyses, between 36 and 64 percent of those assigned to CPAP were adherent (>4 hours per
night). Three of the ITT trials also reported analyses among adherent users.

Summarization across the studies is hampered by the variable definitions of composite
outcomes (which CV and related events were included) and the variability in the underlying risk
of CV events and death, based on prior history of CVD, CeVD, and on age (Table 13).
Nevertheless, excluding the small “as-treated” RCT (Huang 2015), the estimates of the effect of
CPAP on composite CV events ranged from an OR of 0.42 to a HR of 1.10. NNT ranged from
10 to a NNH of 63.

The one “as-treated” RCT had a near-imprecise OR of 0.18 (95% CI 0.02 to 1.65). The three
ITT RCTs that also reported sensitivity analyses among just CPAP adherers (SAVE, Barbé 2012,
RICCADSA) all found nominally stronger HRs in the CPAP adherer analysis, but the difference
between analyses varied across studies (Table 13). In SAVE, CPAP-adherer based analyses of
the primary outcome and composite ischemic CV events shifted the direction of effects to favor
CPAP (in comparison with ITT analyses), but the analyses remained statistically nonsignificant
(P =0.13 and 0.17, respectively). Similarly, for one of its alternative (not primary) composite CV
outcomes—CV death, myocardial infarction, stroke—they reported a stronger, but still
nonsignificant effect (HR 0.69, P = 0.08 [not accounting for multiple testing]). Barbé 2012 found
no difference in its estimates of rate ratios from its ITT and adherers analyses; their comparison
of rate ratios among adherers and among nonadherers were not statistically significantly different
from each other. In contrast, RICCADSA reported a large shift in HR between the ITT analysis
(HR 0.62, 95% C1 0.34 to 1.13) and the multivariable “as-treated” (adherent vs. nonadherent and
nonusers) analysis (HR 0.29, 95% CI1 0.10 to 0.86).

A rough comparison between ITT and adherent/“as-treated” analyses among the RCTs found
no significant difference in effect between analyses (P = 0.53).

All but one ITT estimate of effect were statistically nonsignificant (and the MOSAIC trial
found a “just-significant” effect with a P-value of 0.049 for 2 years but a P-value of 0.52 for 5
years). The studies’ effects sizes did not clearly differ from each other based on whether included
participants had or did not have a history of CVD. There was no correlation between adherence
rate and effect size.

Adjusted Nonrandomized Comparative Studies (Composite Cardiovascular

Outcomes)

Five NRCSs evaluated six distinct (but overlapping) composite CV outcomes (also distinct
from the RCTs). One NRCS (Wu 2015 [Beijing]) evaluated a population with recent coronary
revascularization and one (Navarro-Soriano 2021) evaluated patients with resistant HTN (Table
14), one study (Sheth 2021) evaluated patients with type 2 DM, and the other two NRCSs
(Myllyld 2019 and Schipper 2017) evaluated otherwise healthy participants (other than OSA).
Outcomes were assessed at approximately 5 to 6 years in three of the studies, but at 2.5 years in
Sheth 2021 and about 9 years in Myllyld 2019. All NRCSs were deemed to be at high risk of bias
for failure to use propensity score matching (or equivalent methodology).

The five NRCSs all primarily evaluated adherent CPAP users (although Myllyla 2019
reported evaluating long-term CPAP treatment, only implying these patients were adherent).
Three of the NRCSs compared adherent users with nonusers (Myllyld 2019) or a combination of
nonusers and nonadherent users (Navarro-Soriano 2021 and Wu 2015 [Beijing]). Two of the
NRCSs compared adherent and nonadherent users (Schipper 2017 and Sheth 2021).
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The NRCSs were adjusted for potential confounders and/or patient characteristics. The
specific adjustments made for each NRCS are presented in the footnotes in Table 14. All studies
adjusted for participant age (although not by uniform categories), and most adjusted for gender.
All adjusted for CVD or risk factors (e.g., BMI, DM, dyslipidemia, HTN, smoking). Two studies
(Myllyld 2019 and Schipper 2017) adjusted for AHI.

Like all other NRCSs, none was explicitly powered for any outcome, including the
composite CV outcome. All reported analyses comparing adherent CPAP users with a
combination of nonusers and nonadherent (<4 hours/night) participants. Given that the studies
were analyses of adherent users, these NRCSs may have been particularly subject to uncontrolled
biases related to self-selection of CPAP use and adherence.

The NRCSs all found adjusted HRs (or OR) that favored CPAP use in direction of effect.
Inverting the reported HR for the two studies that compared no CPAP use with CPAP use (in
order to estimate the HR for the typical direction of analysis), the range of adjusted HRs across
the NRCSs was 0.37 to 0.83. The three NRCSs conducted in patients with preexisting CVD (Wu
2015 [Beijing]) or CV risk factors (Navarro-Soriano 2021 and Sheth 20211) were not
statistically significant, while two NRCSs that did not restrict eligibility based on prior CVD
history were.

Heterogeneity of Treatment Effect (Composite Cardiovascular Outcomes)

None of the studies reported subgroup analyses and no explanations for differences in
findings across studies were evident. SAVE reported no significant association in post hoc CPAP
dose-response analyses and CV end points.

Applicability (Composite Cardiovascular Qutcomes)

The studies evaluated a spectrum of adult patients with at least “moderately” severe OSA
(AHI >15), both those with and without a history of CVD. Only the PREDICT trial (which found
a nearly highly imprecise effect of CPAP on composite AFib, angina, MI, peripheral vascular
disease, stroke, and TIA) was conducted solely in a population that would be eligible for
Medicare enrollment (based on age).

Summary of Effect of CPAP on Composite Cardiovascular Outcomes

Seven RCTs do not provide evidence that CPAP affects the risk of composite CV outcomes,
with low SoE (Table 4). However, each trial evaluated a unique specific outcome, most provided
imprecise estimates of effect, and in aggregate, the trials were at high risk of bias. Across RCTs,
the “as-treated” analyses of CPAP users found stronger effects than the ITT analyses of those
prescribed CPAP, but there was no significant difference between the sets of analyses. In
addition, these “as-treated” analyses were post hoc.

In contrast, two NRCSs conducted in otherwise healthy adults found strong associations
between CPAP use (vs. nonuse/nonadherence) and reduced risk of (variable) composite CV
outcomes. However, three other NRCS, conducted in patients with CVD or risk factors, found no
significant association, similar to the RCTs. Given the differences across all studies (RCTs and
NRCSs), particularly related to differences in evaluated composite CV outcomes, we were
unable to discern a reason why some RCTs and NRCSs found significant effects, while most did
not. Particularly as analyses of adherent users, the NRCSs may have been subject to uncontrolled
biases related to self-selection of CPAP use and adherence.
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Overall, we concluded that studies (both RCTs and NRCSs) have not provided evidence that
CPAP affects the risk of composite CV outcomes. This conclusion does not imply that CPAP has
been proven to be ineffective to reduce CV outcomes. At best, we have limited confidence in the
summary estimates. Additional evidence for a consistently defined composite CV outcome is
needed before concluding either that the findings are stable or that the estimate of effect is close
to the true effect.
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Table 13. CPAP versus no CPAP: Composite cardiovascular outcomes, randomized controlled trials

TIA hosp

Study PMID | Population A | Outcome Analysis Followup Duration | CPAP n/N No CPAP n/N | Effect Size (95% Cl)
(Powered? B) | CPAP Adherence (%) (%) Calculated NNT (95% CI) ©
Barbé 2012 No CVD Arrhythmia, CV death, ITT 4yr 28/357 (7.8) | 31/366 (8.5) Rate ratio 0.87 (0.52, 1.45)
22618923% <70yo HF, MI, stroke, TIA, (No) 64% overall NNT 160 (NNH 30, NNT 22)
UA [Adherers analysis:
HR 0.80 (0.45, 1.43)]
Huang 2015 | CVD CeV death, cor revasc, As-treated 3yr 1/36 (2.8) 5/37 (13.5) OR0.18 (0.02, 1.65) P
251256352 | 45-75 yo CV death, HF hosp, (No) 100% (as-treated) NNT 9 (NNH 66, NNT 4)
MI, stroke
ISAACC Admitted to CV death or nonfatal ITT 40 mo 98/629 108/626 HR 0.89 (0.68, 1.17)
31839558!% | hospital events (MI, stroke, (Yes) 38% overall (15.6) (17.3) NNT 60 (NNH 41, NNT 17)
for acute HF hospitalization,
coronary UA hospitalization,
syndrome TIA hospitalization)
CV death, MI, stroke ITT 40 mo 57/629 (9.1) | 50/626 (8.0) HR 1.13 (0.77, 1.65)
(No) 36% overall NNH 93 (NNH 24, NNT 50)
MOSAIC General AFib, angina, cor revasc, | ITT 2yr 8/94 (8.5) 17/94 (18.1) OR 0.42 (0.18, 0.996) P
23111478197 | 45-75yo CV death, DM, HTN, (No) 38% at 6 mo NNT 10 (NNH 2763, NNT 5)
32928788106 MI, PVD, stroke, TIA
General Angina, MI, HTN, ITT 5yr 25/94 (26.6) | 32/97 (33.0) HR 0.82 (0.45, 1.50)
45-75 yo PVD, AFib, HF, (No) 40% at 5 yr NNT 16 (NNH 15, NNT 5)
stroke, TIA,
cor revasc
PREDICT General AFib, angina, MI, ITT 1yr 14/114 17/117 (14.5) | HR 0.87 (0.40, 1.88)
25172769'° | 265 yo PVD, stroke, TIA (No) 35% at 1 yr (12.3) NNT 44 (NNH 15, NNT 9)
RICCADSA | CVDE Cor revasc, CV death, ITT 4.7 yr 22/122 27/122 (22.1) | HR 0.62 (0.34, 1.13)
26914592!2 | Any age MI, stroke death (Yes, under- | 60% at 1 yr (18.1) NNT 24 (NNH 17, NNT 7)
powered) [As-treated:
HR 0.29 (0.10, 0.86)]
SAVE CVvD CV death, HF hosp, ITT 3.7yr 229/1346 207/1341 HR 1.10 (0.91, 1.32)
275710482 45-75 yo MI, stroke hosp, TIA, (Yes) 42% overall (17.0) (15.4) NNH 63 (NNH 23, NNT 83)
UA [Adherers analysis:
HR 0.80 (0.60, 1.07)]
CV death, MI, stroke ITT 3.7 yr 117/1346 120/1341 HR 0.96 (0.74, 1.23)
(No) 42% overall (8.7) (8.9) NNT 390 (NNH 53, NNT 42)
[HR 0.69 (0.46, 1.04)]
Angina hosp, CV death, | ITT 3.7yr 207/1346 191/1341 HR 1.07 (0.88, 1.31)
MI, stroke (ischemic), (No) 42% overall (15.4) (14.2) NNH 88 (NNH 26, NNT 65)

[HR 0.81 (0.59, 1.10)]

Statistically significant results are in bold font.
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Abbreviations: AFib = atrial fibrillation, CeV = cerebrovascular, CI = confidence interval, cor revasc = coronary revascularization, CPAP = continuous positive airway pressure
(device), CV = cardiovascular, DM = diabetes mellitus, HF = heart failure, hosp = hospitalization, HR = hazard ratio, hr/noc = hours per night, HTN = hypertension, ITT =
intention-to-treat, Ml = myocardial infarction, MOSAIC = Multicentre Obstructive Sleep Apnoea Interventional Cardiovascular trial, NNH = number needed to harm, NNT =
number needed to treat, OR = odds ratio, PREDICT = trial with undefined acronym, PVD = peripheral vascular disease, RICCADSA = Randomized Intervention with Continuous
Positive Airway Pressure in CAD and OSA trial, SAVE = Sleep Apnea cardioVascular Endpoints trial, TIA = transient ischemic attack, UA = unstable angina, yo = years old (of

age).

A Based on study eligibility criteria. General = general population, no restriction related to CVD.
B Explicitly powered for this outcome.
€ Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur

per the reported number of people treated (within the 95% CI).

D Calculated.

E Coronary revascularization.

Table 14. CPAP versus no CPAP: Composite cardiovascular outcomes, adjusted nonrandomized comparative

studies
Study PMID Population A Outcome Analysis Followup | CPAP n/N No CPAP n/N | Effect Size (95% CI)
(Powered? B) | Duration | (%) (%)
Myllyld 2019 General Angina, CAD (incident), Use vs. 8.7 yr 148/1030 194/1030 Adj HR 0.64 (0.5, 0.8) ©
30848437128 Any age CAD death, CM death, nonuse / (14.4) (18.8)
MI, stroke, stroke death, discontinued
other CV/vascular death © | (No)
Navarro-Soriano Resistant Fatal or non-fatal CVE, Adherent vs. 58 mo 32/95 (33.7) | 32/68 (47.1) Adj HR (no CPAP vs. CPAP)
2021 32029279'* | hypertension including TIA, stroke, AMI, | nonuse / NR 1.6 (0.96,2.7) EF
cor revasc nonadherent
(No)
Schipper 2017 General Ml, stroke, TIA Adherent vs. 59yr 6/140 (4.3) 11/101 (10.9) | Adj HR (no CPAP vs. CPAP)
285504763 Any age nonadherent 2.66 (1.20, 5.91) GH
(No)
Sheth 2021, Patients with type 2 | CVD (undefined) Adherent vs. 2.5yr 27/260 34/318 (10.7) | Adj OR 0.88 (0.50, 1.59) 'Y
3372991013 diabetes nonadherent (10.4)
(No)
Wu 2015 (Beijing) | CVDK Cor revasc, death, Ml, Adherent vs. 4.8 yr 40/128 59/167 (35.3) | Adj HR (no CPAP vs. CPAP)
25412159135 Any age stent thrombosis, stroke nonuse / (31.3) 1.22(0.79, 1.87) M
nonadherent
(No)
Cor revasc, death, Ml, Adherent vs. 4.8 yr 30/128 52/167 (31.1) | Adj HR (no CPAP vs. CPAP)
stent thrombosis nonuse / (23.4) 1.52 (0.94, 2.56) -N
nonadherent
(No)

Statistically significant results are in bold font.
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Abbreviations: Adj HR = adjusted hazard ratio, AHI = apnea-hypopnea index, BMI = body mass index, CAD = coronary artery
disease, CI = confidence interval, CM = cardiomyopathy, cor revasc = coronary revascularization, CPAP = continuous positive
airway pressure (device), CV = cardiovascular, CVD = cardiovascular disease, MI = myocardial infarction, TIA = transient
ischemic attack.

A Based on study eligibility criteria. General = general population, no restriction related to CVD.

B Explicitly powered for this outcome.

€ Death due to aortic dissection, aortic aneurysm, arrhythmia, heart valve disease, atherosclerosis, hypertension, or deep vein
thrombophlebitis.

D Adjusted for gender, age, AHI, BMI, history of CVD, hypertension, type 2 diabetes, and chronic obstructive pulmonary
disease.

E Adjusted for age, gender, and BML

F This HR is for no CPAP versus CPAP, opposite of the typical analysis direction. The calculated (unadjusted) OR for CPAP vs.
no CPAP was 0.57 (95% CI 0.30, 1.08).

G Adjusted for age, AHI, and smoking.

H This HR is for no CPAP versus CPAP, opposite of the typical analysis direction. The calculated (unadjusted) OR for CPAP vs.
no CPAP was 0.37 (95% CI1 0.13, 1.03).

I Adjusted for BMI, age, sex, number of diabetes medications used, history of insulin use, number of hypertension medications
used, lipid medication use.

J Calculated from reported adjusted OR for no CPAP versus CPAP.

K Coronary revascularization.

L Adjusted for age, sex, BMI, clinical presentation (acute CV event), smoking, hypertension, type 2 diabetes, dyslipidemia,
history of and severity of specific CVDs, renal replacement therapy, CV-related medications, AHIL.

M This HR is for no CPAP versus CPAP, opposite of the typical analysis direction. The calculated (unadjusted) OR for CPAP vs.
no CPAP was 0.83 (0.51, 1.36).

N This HR is for no CPAP versus CPAP, opposite of the typical analysis direction. The calculated (unadjusted) OR for CPAP vs.
no CPAP was 0.68 (0.40, 1.14).

Other Health Outcomes (CPAP Versus No CPAP)

Table 15 summarizes the evidence from RCTs and adjusted NRCSs regarding the effect of
CPAP (versus no CPAP) on other evaluated long-term health outcomes (other than mortality and
CV outcomes). In brief, comparative studies provide at most low SoE for all outcomes. We have
limited confidence that the summary estimates (and their confidence intervals) are close to the
true effect. Additional evidence is needed before concluding that the findings are stable.

We conclude that the RCTs do not provide evidence of an effect of CPAP on long-term risk
of accidents, incident DM, depression or anxiety symptoms, cognitive function, or measures of
QoL. Inclusion of adjusted NRCSs does not alter these conclusions. There is insufficient
evidence from comparative studies for HTN outcomes, sexual function, or days of work missed.
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Table 15. Evidence profile for CPAP versus no CPAP: Other outcomes

Outcome Study Design  No. Studies Risk of Bias Consistency Precision  Directness  Other Overall SoE  Conclusion Statements
(Subjects) Estimate (95% Cl)
Accidents RCT 2(2917) Moderate Consistent Imprecise  Direct Clin heterog  Low No evidence of an effect
on driving accidents A
Hypertension RCT 2 (423) High/Moderate N/A Precise Direct Sparse B Insufficient  No conclusion
adj NRCS 1(163) High N/A Precise Direct Sparse not evaluated  No conclusion
Overall 3 (586) High N/A Precise Direct Sparse © Insufficient No conclusion
Diabetes RCT 3 (3639) Moderate Consistent Imprecise  Direct Clin heterog  Low No evidence of an effect
ES 1.02 (0.69, 1.51)
NNH 716
(NNH 29, NNT 45)
adj NRCS 1 (266) High N/A Precise Direct Sparse not evaluated  No conclusion
Overall 3(2999) Moderate Consistent Precise Direct Clin heterog Low No evidence of an effect
ES 0.88(0.57, 1.35)
Depression RCT 4 (2824) Moderate Consistent Precise Indirect Clin heterog  Low No clinically significant
improvement in
depression symptom
score
Anxiety RCT 4 (2824) Moderate Consistent Precise Indirect Clin heterog  Low No clinically significant
improvements in
anxiety symptom scores
Cognitive function ~ RCT 4(628) Moderate Inconsistent E Imprecise  Indirect Clin heterog  Low No evidence of a
clinically significant
effect on MMSE or
TMT-AorB F
adj NRCS 1(126) Moderate N/A Precise Indirect Sparse not evaluated  No conclusion
Overall 5(754) Moderate Inconsistent 6 Imprecise  Indirect Clin heterog Low Same as RCT
conclusions
QoL & functional RCT 10 (6460) H Moderate-High ~ PCS: Inconsistent  Precise Indirect None Low PCS: No effect.
status Others: Consistent MCS, EuroQol-5D, and
SAQLI: Small, not
clinically significant
improvements !
Adj NRCS 1(214) High N/A Precise Indirect Sparse not evaluated  No conclusion
Overall 11 (6874 " Moderate-High Consistent Precise Indirect None Low Same as RCT
conclusions
Sexual function RCT 1(43) Moderate N/A Precise Indirect Sparse Insufficient  No conclusion
adj NRCS 2 (265) High Inconsistent Precise Indirect None not evaluated  No conclusion
Overall 3(308) High Inconsistent Precise Indirect None Insufficient No conclusion
Days of work RCT 1(2687) Moderate N/A Precise Direct Sparse Insufficient ~ No conclusion

missed
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Abbreviations: adj NRCS = adjusted nonrandomized comparative studies, CI = confidence interval, Clin heterog = clinically heterogeneous (e.g., different populations, eligibility
criteria, specific outcomes), ES = (summary) effect size, MCS = Short Form (SF) 36 Mental Component Summary, N/A = not applicable, NNH = (summary) number-needed-to-
harm, NNT = (summary) number-needed-to-treat, PCS = Short Form (SF) 36 Physical Component Summary, QoL = quality of life, RCT = randomized controlled trials, SAQLI =
Sleep Apnea Quality of Life Index, SoE = strength of evidence.

Evaluations of RCT evidence base are in bold font. Evaluations of all studies (RCTs and adjusted NRCSs together) are in italic font.

A Odds or rate ratios for various specific outcomes ranged from 0.52 (95% CI 0.05 to 5.87) to 0.86 (95% CI 0.57 to 1.32), with NNT ranging from 13 to 218, all statistically
nonsignificant.

B One trial each reported on incident hypertension and resolution of hypertension.

€ One study each reported on incident hypertension, resolution of hypertension, and hypertensive crises.

D A fifth RCT (n = 1098) evaluated unique measures of cognitive function and thus, provided only insufficient evidence.

E Although all effects on MMSE and TMT-B were small and statistically nonsignificant, the net effect on MMSE favored CPAP in direction while the net effect on TMT-B
favored no CPAP.

F Insufficient evidence for other measures of cognitive function, which were evaluated by only one study each.

G Although all effects on MMSE and TMT-B were small and statistically nonsignificant, the net effect on MMSE favored CPAP in direction while the net effect on TMT-B
favored no CPAP.

H Across all QoL and functional status measures.

Insufficient evidence regarding functional status as measured by FOSQ (one RCT).
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Accidents

Two RCTs reported on various outcomes pertaining to accidents. Both the PREDICT and
SAVE trials are described above, in the section Mortality and Cardiovascular Outcomes. Both
trials were deemed to be at moderate risk of bias related to lack of participant blinding and
clinician bias; although, outcome assessors were blinded. Neither trial was explicitly powered for
accident-related outcomes. Both were evaluated as ITT analyses. Adherence was poor in both
trials: about 42 percent, overall, in SAVE and 35 percent at 1 year in PREDICT. As the
likelihood of accidents is probably associated with degree of sleepiness, it is worth noting that
the SAVE trial excluded patients with extreme daytime sleepiness (ESS >15) and while
PREDICT included only patients with excessive daytime sleepiness (ESS >9), they excluded
professional drivers and people reporting sleepiness while driving. No NRCSs that met eligibility
criteria (confounder-adjusted parallel cohorts) reported on accidents.

Across specific outcome measures (Table 16), the PREDICT trial,'* at 1 year followup, and
the SAVE trial,'? at 3.7 years followup, found no statistically significant differences between
groups using CPAP or not. The SAVE trial reported multiple reported specific road accident
outcomes, which were all secondary endpoints. One of these, the annual rate of accident-causing
injuries, was near significant (P = 0.06), favoring CPAP. The PREDICT trial reported no change
in rates of accidents during the 1 year of followup.

Neither trial reported subgroup analyses. The trials did not report on correlation between
adherence and accident rates.

Summary of Effect of CPAP on Accidents

With low SoE, two RCTs fail to provide evidence of an effect of CPAP on risk of traffic or
driving accidents in the long term (Table 15). This conclusion does not imply that CPAP has
been proven to be ineffective to reduce traffic or driving accidents. The trials are at moderate risk
of bias and yielded imprecise estimates. The low SoE suggests that we have limited confidence
that the summary estimates (and their confidence intervals) are close to the true effect.
Additional evidence is needed before concluding either that the findings are stable or that the
estimate of effect is close to the true effect. The evidence was insufficient regarding other types
of accidents.
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Table 16. CPAP versus no CPAP: Accidents

Study PMID Design Outcome Analysis Followup Arm Baseline Rate Final Rate Effect Size (95% Cl)
Design (Powered? A) | Duration (mo) Calculated NNT (95% ClI) B
PREDICT RCT Driving accidents ITT 12 CPAP 1173 (1.4) 2/73 (2.7) OR 0.52 (0.05, 5.87) ©
25172769'® (No) No CPAP | 2/77 (2.6) 1/77 (1.3) NNT 81 (NNH 31, NNT 18)
Home accidents ITT 12 CPAP 12/117 (6.7) 9/113 (8.0) “Treatment effect”
(No) No CPAP | 6/113 (5.3) 18/117 (15.4) 0.49 (0.21,1.18) E
NNT 13 (NNH 124, NNT 6)
SAVE RCT Traffic accidents, ITT 44.4 (mean) CPAP NR 41/1346 (3.0%) OR 0.86 (0.57, 1.32) ©
27571048 participants (No) No CPAP | NR 47/1341 (3.5%) NNT 218 (NNH 113, NNT 55)
Traffic accidents, ITT 44.4 (mean) CPAP NR 56 (1.1%lyr) Rate ratio 0.78 (0.55, 1.11)
annual rate (No) No CPAP | NR 70 (1.4%lyr) NNT not calculable
Accident-causing injury, ITT 44.4 (mean) CPAP NR 99/1346 (7.4%) OR 0.82 (0.62, 1.09) ©
participants (No) No CPAP | NR 118/1341 (8.8%) | NNT 69 (NNH 162, NNT 29)
Accident-causing injury, ITT 44 .4 (mean) CPAP NR 219 events/1346 Rate ratio 0.84 (0.70,1.00) °
annual rate (No) (4.4%lyr)
No CPAP | NR 255 events/1341
(5.2%lyr)
Abbreviations: . = no information, CI = confidence interval, CPAP = continuous positive airway pressure (device), ITT = intention-to-treat, NNH = number needed to harm, NNT

= number needed to treat, OR = odds ratio, PREDICT = trial with undefined acronym, SAVE = Sleep Apnea cardioVascular Endpoints trial.

A Explicitly powered for this outcome.
B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated.
DP=0.06.

E Adjusted for accident history at baseline.
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Hypertension

Two RCTs and one NRCS compared the effect of CPAP versus no CPAP on three distinct
HTN outcomes: incident HTN (Barbé 2012%), reversion to normotension (Huang 2015'%%), and
hypertensive crisis'?). All studies are described above, in the section Mortality and
Cardiovascular Outcomes. Neither RCT was powered for HTN, although Barbé 2012 was
powered for the primary outcome combined incident HTN (among participants with
normotension at enrollment) or incident CV events.

The Barbé 2012 RCT reported both an ITT and a CPAP adherers analysis, with 59 percent of
analyzed participants adherent with CPAP. The study was deemed to be at high risk of bias due
to failure to account for baseline differences in AHI between groups and lack of participant or
clinician blinding (although outcome assessors were blinded). The Huang 2015 RCT conducted
an “as-treated” comparison of adherent CPAP users and participants not prescribed CPAP; it was
deemed to be at moderate risk of bias due to lack of participant or clinician blinding (although
outcome assessors were blinded). The Navarro-Soriano 2021 NRCS also compared adherent
CPAP users versus nonadherent users and nonusers; it was rated as high risk of bias for use of a
regression model for adjustment of baseline confounders.

Incident Hypertension

Barbé 2012 reported on the incidence of HTN after a 4-year followup period (Table 17). The
outcome was analyzed only among the 48 percent of included participants who did not have
HTN at baseline. Almost half of participants developed HTN during the study period. Rates of
incident HTN were 19.8 events per 100 person-years in the group prescribed CPAP and 17.6
events per 100 person-years in the no CPAP group, with no statistically significant difference
between the two. The rate ratio was 0.89 (95% CI 0.65 to 1.21; NNT = 48). An analysis of just
the adherent CPAP users yielded a similar result (see Table 17). The trial did not report subgroup
analyses.

Resolution of Hypertension

Huang 2015 reported on HTN resolution (or reversion to normotension) at a median
followup of 36 months (Table 17). All participants had uncontrolled HTN (and CAD) to be
eligible. Participants were treated with antihypertensive and CVD drugs treatments based on
current guidelines during a 3-month run-in period and informed not to change their drug regimen
without physician approval. On average, participants were on 3.2 antihypertensive drugs. About
half the participants (47%) had some change in their drug regimen during the study, with similar
rates of change between the two groups. Rates of HTN resolution were 69.4 percent in the CPAP
group and 43.2 percent in the no CPAP group. In a post hoc analysis, participants adherent with
CPAP were statistically significantly more likely to revert to normotension than nonusers (OR
2.98,95% CI 1.14 to 7.81; NNT = 4). The trial did not report subgroup analyses.

Hypertensive Crisis

The Navarro-Soriano 2021 NRCS evaluated hypertensive crisis, which was defined as
elevation of systolic BP >179 mmHg or diastolic BP >109 mmHg. Patients were followed for a
median of 58 months. The study was a secondary analysis of adherent versus nonadherent CPAP
users (or nonusers) from an existing RCT that randomized patients to CPAP versus no CPAP.
Patients included in the original RCT had at least moderately severe OSA (AHI >15) and
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resistant HTN. Patients were taking, on average, about three antihypertensive medications.
Nonadherent CPAP users were significantly more likely to have a hypertensive crisis event
yielding an adjusted HR (for no CPAP vs CPAP) of 5.1 (95% CI 2.2 to 11.6). The study did not
report subgroup analyses.

Heterogeneity of Treatment Effect (HTN)
The studies did not report subgroup analyses for any of the analyzed outcomes, which were
addressed by a single study each.

Applicability (HTN)

The study reporting on incident HTN is most applicable to middle-aged (<70 years, mean 52
years) otherwise healthy adults (who do not have HTN). The study reporting on resolution of
HTN evaluated patients with uncontrolled HTN and CAD who were adherent with CPAP. The

study reporting on hypertensive crises evaluated patients with resistant HTN who were adherent
with CPAP.

Summary of Effect of CPAP on Hypertension
With only a single RCT evaluating each outcome, there is insufficient evidence to determine

the effect of CPAP on risk of incident HTN, reversion to normotension, or hypertensive crises
(Table 15).
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Table 17. CPAP versus no CPAP: Hypertension

Study PMID Design Outcome Analysis Followup Arm CPAP n/N (%) Effect Size (95% CI)
(Powered? #) Duration Adherence Calculated
(mo) NNT (95% CI) B
Barbé 2012 RCT Incident HTN | ITT 48 CPAP (ITT) 59% © 19.8 (15.3, 24.2) Rate ratio 0.89 (0.65, 1.21)
22618923% (No) events/100 p-yr [75/167 (44.9)] NNT 48 (NNH 12, NNT 8)
No CPAP 22.2 (17.5, 26.9)
events/100 p-yr [86/183 (47.0)]
Adherent 48 CPAP use 100% 17.6 (12.4, 22.8) Rate ratio 0.79 (0.55, 1.14)
analysis events/100 p-yr [44/98 (44.9)]
Huang 2015 RCT Resolution of | As-treated 36 (median) | CPAP use 100% 25/36 (69.4) OR 2.98 (1.14,7.81) ©
25125635'"* HTN (No) No CPAP use 16/37 (43.2) NNT 4 (2, 23)
Navarro-Soriano, NRCS Hypertensive | Adherent vs. 58 (median) | CPAP NR 8/95 (8.4) No CPAP vs. CPAP
2021, 32029279'%° crisis nonuse / adherent Adj HR 5.1 (2.2, 11.6)
nonadherent No CPAP use 23/68 (33.8)
(No)

Statistically significant results are in bold font.

Abbreviations: . = no information, CI = confidence interval, CPAP = continuous positive airway pressure, NNH = number needed to harm, NNT = number needed to treat, OR =
odds ratio, p-yr = person-years, PMID = PubMed identifier.

A Explicitly powered for this outcome.
B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur

per the reported number of people treated (within the 95% CI).
€ Among analyzed participants without hypertension at study baseline.

D Calculated.

87




Diabetes Mellitus

Four studies (3 RCTs'% 19219 and 1 NRCS'!) compared the effect of CPAP versus no CPAP
on risk of incident type 2 DM. No eligible study reported on reversion to normoglycemia or
incidence of other hyperglycemia diagnoses (e.g., impaired glucose tolerance, metabolic
syndrome). None of the studies provided details about diagnostic parameters for DM, including
how rigorously or systematically participants were monitored for DM or reversion to
normoglycemia.

Randomized Controlled Trials (DM)

The three RCTs (Huang 2015, ISAACC, and SAVE) are described above, in the section
Mortality and Cardiovascular Outcomes. They were all deemed to be at moderate risk of bias
related to lack of participant and clinician bias; although, outcome assessors were blinded. None
was explicitly powered for DM-related outcomes. All analyses of incident DM were restricted to
trial participants without DM at enrollment.

Two RCTs, SAVE and, particularly, Huang 2015, provided imprecise estimates, with no
significant difference in risk of incident DM between groups at about 3 to 4 years of followup.
The ISAACC trial was also nonsignificant, but incident DM was more common among patients
assigned to CPAP. The SAVE trial found similar estimates in its ITT and CPAP adherers
analyses (see Table 18). The study did not report an analysis of the association between
adherence and risk of DM. Across the three trials, CPAP did not affect the risk of incident DM
(summary ES 1.02, 95% CI 0.69 to 1.51), with moderate heterogeneity (I = 40%).

Adjusted Nonrandomized Comparative Study (DM)

The Botros 2009 NRCS compared US veterans who regularly (undefined) using CPAP (n =
160) with those not regularly using CPAP (n = 106), including not ordered, not used, intermittent
use.!?! The NRCS may have been subject to uncontrolled biases related to self-selection of
CPAP use and adherence. Potential participants with a diagnosis of DM were excluded. Incident
DM was the primary outcome of the study. Included participants had to have at least “moderately
severe” OSA with an AHI >20. The mean age of the group was 63 years and participants were,
on average obese, with a mean BMI of 35. Mean AHI was 55.6 and mean baseline ESS was 8.3.
The veterans were 93 percent male. Most participants had HTN (70%). The average fasting
blood glucose of the patients enrolled was 100.2 mg/dL. The study was rated as high risk of bias
related to inadequate reporting regarding OSA primarily because the study combined patients not
prescribed CPAP with those who were nonadherent with CPAP.

The adjusted NRCS found a significantly lower association between regular CPAP use and
risk of incident DM at about 3 years of followup.

All Studies (DM)

The summary effect size across the RCTs was nonsignificant. With addition of the adjusted
NRCS the summary estimate remained nonsignificant and imprecise (ES 0.88, 95% CI 0.57 to
1.35), with moderate heterogeneity (I> = 57%) (Figure 8).

Heterogeneity of Treatment Effect (DM)
No study reported subgroup effects (or interactions with other factors). No difference was
apparent between the adherent analyses and the ITT analysis, either within or between studies.
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The three studies did not differ significantly differ in their findings (although, the NRCS was
statistically significant while the RCTs were not, or in one case, was highly imprecise).

Applicability (DM)

The RCT evidence was mostly applicable to people who would be eligible for enrollment in
the SAVE or ISAACC trials, i.e., adults with moderate or severe OSA and preexisting CAD or
CeVD, including acute coronary syndrome. The NRCS was conducted among US veterans (93%
male) and, thus, may be of more limited applicability to the general population.

Summary of Effect of CPAP on Diabetes

Three RCTs provide low SoE that CPAP does not affect the risk of incident type 2 DM
(Table 15). This conclusion does not imply that CPAP has been proven to be ineffective to
reduce incident DM. The trials were at moderate risk of bias and provided a null estimate of
effect (summary effect size 1.02, 95% CI1 0.69 to 1.51). Under an assumption of a control rate of
7.6 percent (by meta-analysis), the summary NNH was 716 (95% CI NNH 29 to NNT 45).
Inclusion of one high risk of bias adjusted NRCS does not alter the conclusion. The low SoE
suggests that we have limited confidence that the summary estimates (and their confidence
intervals) are close to the true effect. Additional evidence is needed before concluding either that
the findings are stable or that the estimate of the effect is close to the true effect.

Figure 8. Meta-analysis of CPAP versus No CPAP: Diabetes mellitus incidence
Studies Flup, CPAP, No CPAP, Effect Size

mo n/N n/N (95% Cl)
Huang 2015 36 3/24 4/23 OR 0.83 (0.15, 4.59)+ -
ISAACC 2020 40 48/448  39/458  HR 1.32(0.86, 2.01)
SAVE 2016 44 66/1345 76/1341 HR 0.85 (0.61, 1.19) — =
RCT (1>=40%) 117/1817 119/1822 1.02 (0.69, 1.51) _—
Botros 2009 32 NR/160  NR/160 HR 0.53 (0.28, 1.00)
NRCS 0.53 (0.28, 1.00) ———aeeee—————

Overall (1*=57%) 0.88 (0.57, 1.35) <:|>
Favors CPAP Favors No CPAP
[ 1

T T T T
0.2 0.5 0.8 1.0 1.25 2.0
Effect Size (log scale)

Abbreviations: CPAP = continuous positive airway pressure, CI = confidence interval, F/up = followup, I> = measure of
statistical heterogeneity ranging from 0% (none) to 100%, ISAACC = Impact of Sleep Apnea syndrome in the evolution of Acute
Coronary syndrome. Effect of intervention with CPAP, NR = not reported, NRCS = nonrandomized comparative study, RCT =
randomized controlled trial, SAVE = Sleep Apnea cardioVascular Endpoints trial.
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Table 18. CPAP versus no CPAP: Diabetes mellitus

Study PMID Study Analysis (Powered? #) | Timepoint Arm CPAP Adherence n/N (%) Effect size (95% CI)
Design (mo) Calculated NNT (95% CI) B
Huang 2015 RCT As-treated 36 (median) CPAP 100% (as-treated) 3/24 (12.5) OR0.83(0.15,4.78) ©
25125635'"* (No) No CPAP 4/23 (17.4) NNT 20 (NNH 6, NNT 4)
ISAACC, RCT ITT 40 CPAP 38% overall 48/448 (10.7) HR 1.32 (0.86, 2.01)
31839558!% (No) No CPAP 39/458 (8.5) NNH 45 (NNH 17, NNT 61)
SAVE 275710482 | RCT ITT 44.4 (mean) CPAP 42% overall 66/1345 (4.9) HR 0.85 (0.61, 1.19)
(No) No CPAP 76/1341 (5.7) NNT 132 (NNH 107, NNT 41)
[Adherent analysis:
HR 0.77 (0.48, 1.27)]
Botros 2009 NRCS Adherent vs. nonuse / 32.4 (mean) CPAP 100% (adherent arm) NR/160 Adj HR 0.53 (0.28, 0.99)
19958890" nonadherent adherent
(No) No CPAP NR/160

Abbreviations: Adj = adjusted, CI = confidence interval, CPAP = continuous positive airway pressure, HR = hazard ratio, NNH = number needed to harm, NNT = number needed
to treat, NRCS = nonrandomized comparative study, OR = odds ratio, PMID = PubMed identifier, RCT = randomized comparative trial.

A Explicitly powered for this outcome.

B Calculated only for randomized trials, not for crude rates from nonrandomized comparative studies. NNH in the 95% CI range suggests that one harm (poor outcome) may occur
per the reported number of people treated (within the 95% CI).

€ Calculated, included only participants without diabetes at baseline. Also including the assumption that everyone with diabetes at baseline also had the diagnosis at followup.
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Mental Health

Four RCTs reported on the effect of CPAP versus no CPAP on either depression or anxiety
symptoms.”® 19-111- 117 Ng study addressed diagnoses (or resolution) of any mental health
conditions (e.g., incident anxiety disorder) or other mental health conditions. The PREDICT
trial, RICCADSA, and SAVE trials are described above, in the section Mortality and
Cardiovascular Outcomes. Briefly, PREDICT included older adults (>65 years) with newly
diagnosed OSA with sleepiness symptoms, RICCADSA included adults with nonsleepy OSA
with a history of coronary revascularization, and SAVE included adults with OSA and a history
of CVD or CeVD. PREDICT and SAVE were deemed to be at moderate risk of bias due to lack
of participant or clinician blinding (although outcome assessors were blinded). RICCADSA was
rates as high risk of bias due to lack of blinding and high crossover (20% of participants in the no
CPAP arm started CPAP during the study period).

Aarab 2017 was an additional RCT that did not report CV outcomes (and was, thus, not
described above). This was primarily a trial comparing CPAP with an oral appliance, which
included a placebo (sham) oral appliance group.”® Here we focus on only the comparison of
CPAP versus no CPAP. The study reported an ITT analysis. The RCT included adults with at
least “mild” OSA (AHI >5) and sleepiness symptoms (ESS >10 or >2 sleepiness symptoms).
Participants (assigned to either CPAP, n = 18, or placebo, n = 19) were, on average, about 52
years old, 70 percent male, had a mean AHI about 20 and mean ESS about 10.7. Participants
were mostly obese with a mean BMI of about 31. The study was powered for changes in AHI,
not explicitly for any health outcome. Those prescribed CPAP were reported to use their device
83 percent of nights. The study was rated as moderate risk of bias due to lack of participant or
clinician blinding; the mental health outcomes were based on self-reported completion of the
disease non-specific Symptom Checklist-90-Revised (SCL-90-R).

The studies evaluated depression and anxiety outcomes, but not other mental health
conditions. None of the studies incorporated clinician assessment or diagnosis of either
depression or anxiety, thus there are no data on incident diagnoses or resolution of either
diagnosis. SAVE and RICCADSA used threshold values in mental health symptom scales to
define “cases” of depression or anxiety, or of “depressive mood,” but these referred only to self-
described symptoms, not diagnoses. We omitted these outcomes.

In brief, three RCTs compared treatment with CPAP with no treatment and the fourth RCT,
Aarab 2017, compared real and sham CPAP. All studies were evaluated as ITT analyses of
CPAP prescription. None of the trials was explicitly powered for a mental health outcome.

Depression Symptoms Scales

All four trials reported on depression outcomes. As noted, Aarab 2017 used the SCL-90-R
depression component. The PREDICT and SAVE trials evaluated the Hospital Anxiety and
Depression Scale (HADS) test, and RICCADSA evaluated the Zung Self-rating Depression
Scale (SDS). The three scales have been validated in a variety of populations, but evidently not
in patients with OSA. The scales were designed for cross-sectional, not longitudinal, evaluation,
at least in part, of depression symptoms. The interpretation of changes over time in scores,
though, is unclear. None of the trials described the validity of the scales in the OSA population
or as an assessment of change in symptoms. We found no information on minimal clinically
important differences specific to patients with OSA. However, we evaluate this metric based on
studies conducted in other populations, as noted below.
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The four RCTs all reported changes in depression scores (Table 19). Overall, depression
scores decreased (improved) over time in all studies among both those using CPAP or no CPAP.
Among analyses of all participants (regardless of baseline diagnosis of depression), only the
SAVE trial found a statistically significant relative improvement in depression scores (after 4
years) among those receiving CPAP compared with controls. However, based on a minimal
clinically important difference in HADS depression score of 1.9 (derived from a separate
analysis of patients with CVD!3?), none of the effects on depression in the SAVE trial were
clinically significant. Trials were conducted as ITT analyses. The Aarab 2017 also reported that
their per protocol analyses resulted in similar estimates; although, the study had an atypically
high adherence rate (83% of nights).

Meta-analysis of the standardized mean differences (SMD) across trials (to account for the
different scales used) yielded a statistically significant summary SMD of —0.18 (95% CI —0.42 to
—0.87), which may be interpreted as a small effect size favoring CPAP (Figure 9). However, the
meta-analysis largely recapitulates the SAVE trial, given its relatively large sample size.

The RICCADSA trial reported on the effect of CPAP on the SDS depression score
specifically among participants with symptoms of depression at the start of the study. The trial
found a large statistically significant difference in improvement in SDS depression scores
between groups of =7.9 (95% CI —11.5 to —4.3). We did not find information about a minimal
clinically important difference in nonsurgical populations.

Anxiety Symptom Scale

All four trials reported on anxiety scores. Aarab 2017 used the SCL-90-R anxiety
component. The PREDICT and SAVE trials evaluated the HADS test. RICCADSA evaluated the
Zung Self-rating Anxiety Scale (SAS). Similar to assessment of depression symptoms, the
anxiety symptom scales have been validated in a variety of populations, but evidently not in
patients with OSA. The scales were designed for cross-sectional, not longitudinal, evaluation, at
least in part, of anxiety symptoms. The interpretation of changes over time in scores, though, is
unclear. None of the trials described the validity of the scales in the OSA population or as an
assessment of change in symptoms. We found no information on minimal clinically important
differences specific to patients with OSA. However, we evaluate this metric based on studies
conducted in other populations, as noted below.

The four RCTs all reported changes in anxiety scores (Table 19). Overall, anxiety scores
decreased (improved) over time in all studies among both those using CPAP or no CPAP. Only
the SAVE trial found a statistically significant relative improvement in anxiety scores (after 4
years) among those receiving CPAP compared with controls. However, based on a minimal
clinically important difference in HADS anxiety score of 1.7 (derived from a separate analysis of
patients with CVD'3?), none of the effects on anxiety in the SAVE trial were clinically
significant. RICCADSA also reported that, among patients with no anxiety at baseline (n =171,
total), 11 in the CPAP group, and 7 in the no-CPAP group demonstrated SAS score >45 (defined
as having a clinically significant anxiety) at 12 month-follow-up, although complete data were
not reported, the difference was nonsignificant.!!! As for anxiety severity, all trials were
conducted as ITT analyses. Aarab 2017 and RICCADSA reported that their per protocol analyses
resulted in similar estimates.

Meta-analysis of the SMD across trials (to account for the different scales used) yielded a
statistically significant summary SMD of —0.10 (95% CI —0.17 to —0.03), which may be
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interpreted as a small effect size favoring CPAP (Figure 10). However, the meta-analysis largely
recapitulates the SAVE trial, given its relatively large sample size.

Heterogeneity of Treatment Effect (Mental Health)

None of the studies reported subgroup analyses (except for the subgroup analyses of patients
with depression symptoms at baseline or no anxiety at baseline, described above). The studies
yielded statistically similar results. No differences in effects were apparent across studies.

Applicability (Mental Health)

Given the large relative sample size of the SAVE trial, the findings are most applicable to
patients who would meet eligibility criteria for the SAVE trial (adults with severe OSA, with
ODI >12, and preexisting CAD or CeVD).

Summary of Effect of CPAP on Mental Health Symptoms

There is no evidence regarding the effect of CPAP on incident depression or anxiety.

Four RCTs provide low SoE that CPAP does not affect depression or anxiety symptom
scores by a clinically significant degree (in all patients regardless of baseline symptoms) (Table
15). Although the trials suggest small improvement with CPAP, estimates of effect were less
than clinically significant thresholds in all studies. In addition, the measures of symptoms have
not been validated in an OSA population or for their interpretation for assessing longitudinal
change in scores with treatment; thus, the outcomes are considered “indirect.” The low SoE
suggests that we have limited confidence that the summary estimates (and their confidence
intervals) are close to the true effect. Additional evidence is needed before concluding either that
the findings are stable or that the estimate of effect is close to the true effect.

A single trial provides insufficient evidence regarding the effect of CPAP on depression
scores specifically among patients with baseline depression symptoms.

Figure 9. Meta-analysis of CPAP versus No CPAP: Depression scores,
standardized mean differences

Studies Followup SMD (95% ClI)
SAVE 4yr -0.179 (-0.259, —0.099) —a—
PREDICT 1yr -0.196 (-0.455, 0.063) -
RICCADSA 1yr -0.281 (-0.606, 0.045) =
Aarab 2017 6 mo 0.226 (-0.421, 0.873) -
Overall (I’=0%) -0.181 (-0.255, -0.107) e
Favors CPAP Favors No CPAP
r T T T T T 1
-0.6 -0.4 -0.2 0 0.2 04 0.6 0.8

Standardized Mean Difference
Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, 1> = measure of statistical heterogeneity
ranging from 0% (none) to 100%, PREDICT = trial with undefined acronym, RICCADSA = Randomized Intervention with
Continuous Positive Airway Pressure in CAD and OSA trial, SAVE = Sleep Apnea cardioVascular Endpoints trial, SMD =
standardized mean difference.
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Figure 10. Meta-analysis of CPAP versus No CPAP: Anxiety scores, standardized
mean differences

Studies Followup SMD (95% CI)
SAVE 4yr -0.113 (-0.193, -0.033)
PREDICT 1yr -0.055 (-0.313, 0.204) =
RICCADSA 1yr 0(-0.272, 0.272)
Aarab 2017 6 mo -0.022 (-0.666, 0.623) ¢ - )
Overall (I?=0%) -0.099 (-0.172, -0.026) _ ——
Favors CPAP Favors No CPAP
T T T T T 1
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Standardized Mean Difference
Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, 1> = measure of statistical heterogeneity
ranging from 0% (none) to 100%, PREDICT = trial with undefined acronym, RICCADSA = Randomized Intervention with
Continuous Positive Airway Pressure in CAD and OSA trial, SAVE = Sleep Apnea cardioVascular Endpoints trial, SMD =
standardized mean difference.
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Table 19. CPAP versus no CPAP RCTs:

Depression and anxiety scores

Study PMID A Outcome Scale Followup Arm CPAP Adherence N Analyzed Mean Diff Net Diff (95% CI),
(Direction) Duration (Baseline / (SD), Within- | Between-Arm
[MCID] Followup) Arm
Aarab 2017 SCL-90-R: NR (lower 6 mo CPAP 83% of nights & 18/18 -3.1(15.9) 3.6 (-6.5,13.7) ¢
28083705% Depression better) [NR] No CPAP 19/19 -6.7 (15.3)
PREDICT HADS: depression | 0-21 (lower 1yr CPAP 35% at 1 yr 123/114 -0.7 (3.0) -0.4 (-1.0,0.3)
25172769'% component better) [1.9] No CPAP 124/116 -0.2 (3.1)
RICCADSA Zung SDS: 25-125 (lower | 1yr CPAP 60% 69/69 -3.2(8.9) -2.6(-5.6,0.4)°
30130421'1° depression better) [NR] No CPAP 78/78 -0.6 (9.5)
33341644 (all participants)
Zung SDS: 25-125 (lower | 1yr CPAP 60% 30/30 -9.2 (6.8) -7.9(-11.5,-4.3) ¢
depression better) [NR] No CPAP 26/26 -1.3(7.0)
(depression at
baseline)
SAVE 31312807'7 | HADS: depression | 0-21 (lower 4yr CPAP 42% overall 1341/1220 -0.8 (4.0) -0.8 (1.0, -0.5) P
component better) [1.9] No CPAP 1336/1190 -0.1(3.8)
Aarab 2017 SCL-90-R: NR (lower 6 mo CPAP 83% of nights B 1819/1819 -1.7 (9.4) -0.2 (-0.9, 0.5)
28083705% anxiety better) [NR] No CPAP -1.5(8.6)
PREDICT HADS: anxiety 0-21 (lower 1yr CPAP 35% 123/114 -1.2(3.7) -0.2 (-0.9, 0.5)
25172769'% component better) [1.9] No CPAP 124/117 -1.0 (3.6)
RICCADSA Zung SAS: anxiety | 25-100 (lower | 1yr CPAP 60% 103/103 -1.2 (6.6) 0(-2.1,21)¢
3013042110 (all participants) better) [NR] No CPAP 105/105 -1.2 (8.5)
33341644 Zung SAS: anxiety | 25-100 (lower | 1yr CPAP 60% 11/NR NR Reported only as NS
(no anxiety at better) [NR] No CPAP 7/INR NR
baseline)
SAVE 27571048" HADS: anxiety 0-21 (lower 4yr CPAP 42% overall 1341/1220 -0.8 (3.6) -0.4 (0.6, -0.2) °
component better) [1.7] No CPAP 1336/1190 -0.4 (3.5)

Statistically significant results are in bold font.

Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, HADS = Hospital Anxiety and Depression Scale, MCID = minimal clinically important
difference, Mean Diff = mean difference, Net Diff = net difference (difference-in-difference), NR = not reported, OR = odds ratio, PMID = PubMed identifier, PREDICT = trial
with undefined acronym, RCTs = randomized controlled trials, RICCADSA = Randomized Intervention with Continuous Positive Airway Pressure in CAD and OSA trial, SAS =
(Zung) Self-rating Anxiety Scale, SAVE = Sleep Apnea cardioVascular Endpoints trial, SCL—90—R = Symptom Checklist-90-Revised, SD = standard deviation, SDS = (Zung)
Self-rating Depression Scale.

A All studies were randomized controlled trials, analyzed by intention-to-treat, and were not explicitly powered for mental health outcomes.

B Self-report. Study included frequent visits (initially about every 2 weeks)

€ Calculated.

D Adjusted for baseline score.
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Cognitive (Executive) Function

Six studies (5 RCTs?7> 104:108. 109,119 andq 1 NRCS!**) reported on cognitive executive function.
No study evaluated incident dementia or other conditions related to cognitive function.

The PREDICT trial is described in the Mortality and Cardiovascular Outcomes section
above.!” In brief, this 1-year trial included older adults (>65 years) with newly diagnosed OSA
(ODI >7.5) and sleepiness symptoms (ESS >9). The study was rated to be at moderate risk of
bias due to lack of participant or clinician blinding (although outcome assessors were blinded).

The remaining studies did not address already-covered outcomes and are, thus, described
here. The APPLES trial (Apnea Positive Pressure Long-term Efficacy Study) randomly
allocated participants to active (n = 556) or sham (n = 542) CPAP for 6 months.”” The study
reported an ITT analysis. Participants were included if they had an AHI >10. The mean baseline
AHI was 40 among participants, who were mostly (65%) male. The mean age of participants was
51.5 years and was similar across groups. Patients were mostly obese, with a mean BMI of 32.3.
At 6 months, 42 percent of CPAP users were adherent (>4 hours/night, 70% of nights) and mean
CPAP usage was 4. 7 (SD 2.1) hours per night. This double-blind trial, which used sham CPAP,
was deemed to be at low risk of bias. The study was explicitly adequately powered for
neurocognitive outcomes, specifically for a difference in the Pathfinder Number Test (based on
prior pilot studies) since it required the largest sample size. However, the trial reported on unique
cognitive measures among studies reporting on cognitive function.

Monasterio 2001 randomized participants with OSA to CPAP (n = 66) or no CPAP (n=59)
and followed them for 6 months.!% The study reported an ITT analysis. Participants were
included if they had “moderately severe” OSA (AHI between 10 and 30; thus excluding patients
with “severe” OSA), without severe daytime sleepiness. The study also excluded patients with
“notable cardiovascular disease,” not otherwise defined. The mean baseline AHI was about 20.5
and mean baseline ESS was about 12.5. The study sample was 86 percent male and participants
were on average 53.5 years old. Patients were mostly obese, with a mean BMI of 29.4. The trial
was powered for a change in ESS, not explicitly for any health outcome. At 6 months, mean
CPAP usage was 4.8 hours per night. The study reported that 8 percent of participants abandoned
CPAP use and another 14 percent withdrew from the study (for unreported reasons); 62 percent
of study participants chose to continue CPAP after study termination. The study was rated as
moderate risk of bias due to lack of participant or clinician blinding (although outcome assessors
were blinded).

Pelletier-Fleury 2004 randomized adults (<70 years) with OSA (AHI >10) to CPAP (n = 82)
or no CPAP (n = 89).!% Participants who stopped CPAP use before 6 months were excluded,
thus, an “as-treated” analysis was conducted. About two-thirds (63%) of patients had severe
OSA (AHI >30), with similar overall mean AHI between groups (AHI 52). Mean BMI (30.0),
mean age (53), and percent male (83%) were similar between groups. On average, at 6 months
CPAP users with less severe OSA used their devices 4.8 hours per night and those with severe
OSA (AHI >30) used their devices 5.5 hours per night. The trial did not report a power analysis.
The study was rated as high risk of bias, due to lack of information on allocation concealment,
blinding, and about 25 percent loss to followup.

Wu 2016 (Yangzhou) randomized participants to CPAP (n = 68) or no CPAP (n = 68) for 6
months.!!" Participants were included if they had an AHI >15. The study reported an ITT
analysis. The participants had particularly “severe” OSA, with a mean baseline AHI was 61.0; 90
percent were male. The study excluded patients with CVD or CV risk factors (HTN, DM,
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dyslipidemia) or “severe visceral diseases” (not otherwise defined), all of which the study states
could affect cognitive function, in addition to excluding those with a BMI >35. Nevertheless,
patients were mostly obese, with a mean BMI of 28.0. The mean age of participants was 49.6
years (range 30 to 65 years). The study did not report power calculations. The study did not
report adherence information. Overall, the study was rated as high risk of bias due to lack of
information about randomization, allocation, concealment, and blinding, and because of the
apparent mismatch between AHI eligibility criteria (>15) and mean AHI (61).

The NRCS by Crawford-Achour 2015 reported an adjusted comparison of older adults (>65
years) who used CPAP (n = 33) or did not use CPAP (n = 93) for 10 years.'** The study
conducted an “as-prescribed” analysis based on treatment/prescription with CPAP versus no
treatment, and all participants were analyzed. Participants were included if they had “severe”
OSA (AHI >30). The two arms had significantly different mean baseline AHI (CPAP 49.0, no
CPAP 40.7) and ESS (CPAP 7.9, no CPAP 5.8). The two arms were similar in terms of age
(mean 75 years) and gender (males 61%). The mean BMI was significantly higher in the CPAP
arm (27.8) than the no CPAP arm (26.7). The evaluations of association of CPAP use and
cognitive outcomes were adjusted for BMI, AHI. The study was rated as high risk of bias for
being an (unblinded) nonrandomized study that used a regression model for adjustment of
baseline confounders.

In brief, five studies compared treatment with CPAP with no treatment and the APPLES trial
compared real and sham CPAP. Pelletier-Fleury 2004 evaluated only adherent patients, but other
studies were evaluated as ITT or “as-prescribed” analyses of CPAP prescription. Only the
APPLES trial was explicitly powered for a cognitive function outcomes (the NRCS did not
report a power analysis).

Effect of CPAP on Cognitive Function

The studies reported on a wide variety of tests and subtests (full results of all scales are
presented in Appendix Table D-1). Here, we discuss the two measures evaluated by more than
one study, the Mini-Mental State Examination (MMSE) and Trail Making Test B (TMT-B).
None of the studies reported what they considered to be minimal clinically important differences
for these tests, limiting conclusions about clinical significance that could be drawn from the
studies.

Mini-Mental State Examination

The Wu 2016 (Yangzhou)'"” and PREDICT 2014'% RCTs and the NRCS (Crawford-Achour
2015'2%) evaluated participants with MMSE at 6 months, 12 months, and 10 years, respectively.
The MMSE is used to test cognitive function and screen for cognitive loss across the domains of
orientation, attention, calculation, recall, language and motor skills. Each correct answer is worth
a point, for a maximum of 30 points with higher scores being indicative of better cognitive
function.'*’ Based on a study of a mixed population of older adults with and without Alzheimer
dementia, a 1 to 3 point decrease in MMSE score was indicative of a meaningful clinical decline
in cognitive function.!*! However, it is not clear whether change in MMSE scores is a validated
measure of cognitive decline in cognitively normal adults.'*? As expected, study participants had
normal cognitive function, with average MMSE of 28 to 29 of 30 points.

In all study arms (with or without CPAP), MMSE scores changed by 0.34 points or less over
time (mostly “improved”). The RCTs found no statistically significant difference in changes in
MMSE at 6 or 12 months, with net differences of less than 0.1 point. The NRCS reported no
significant differences between baseline and 10 year followup scores across groups in their
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adjusted analysis (P = 0.30). Based on the (unadjusted) scores reported and the adjusted P-value,
we calculated a net difference of 0.31 (95% CI —0.28 to 0.90).

Neither of the RCTs reported on adherence rates. The NRCS reported 100 percent adherence
(>4 hr/night), but did not provide an explanation for the unusually high adherence rate except
that adherence was self-reported.

Meta-analysis of the two RCTs (Figure 11) yielded a nonsignificant difference in changes in
MMSE with or without CPAP at 6 or 12 months, favoring CPAP in direction (summary net
difference 0.09 points, 95% CI —0.05 to 0.23). However, the difference was considerably less
than the MCID of 1 to 3 points. Inclusion of the 10-year followup NRCS did not substantively
change the summary net difference of 0.10 (95% CI, —0.03, 0.24). A sensitivity analysis showing
the change in results as the analysis “borrows strength” from the NRCS evidence is shown in
Appendix D, Figure D-6. The figure shows that that adding the imprecise NRCS evidence (to
RCT-only evidence) has very little effect on the summary net difference or its precision.

Figure 11. Meta-analysis of CPAP versus No CPAP: Mini-Mental State
Examination

Studies Flup, N,CPAP/  Net Diff (95% Cl)

mo No CPAP
Wu 2016 (Yangzhou) 6 68/68 0.09 (-0.06, 0.24) —B—
PREDICT 12 98/99 0.10 (-0.30, 0.50) »
RCT 0.09 (-0.05, 0.23) _
Crawford-Achour 2015 120 33/93 0.31(-0.28, 0.90) =
NRCS 0.31 (-0.28, 0.90)
Overall (1>=0%) 0.10 (-0.03, 0.24) _

-0.3 -0.2 0 0.2 0.4 0.6 0.8 0.9

Favors No CPAP Favors CPAP
Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, F/up = followup, 1> = measure of
statistical heterogeneity ranging from 0% (none) to 100%, NA = not applicable, Net Diff = net difference.

Trail Making Test A and B

There are two parts of the Trail Making Test (TMT), which consists of 25 circles distributed
over a sheet of paper. In Part A, the circles are numbered 1 to 25, and the patients should draw
lines to connect the numbers in ascending order. which involves connecting 25 dots as quickly as
possible in ascending order. Similarly, in Part B, the patients draw lines to connect circles but,
the circles alternate between numbers and letters (i.e., 1-A-2-B-3-C, ...). Itisa
neurophysiological test of visual attention and task switching. Results are reported as the number
of seconds required to complete the task, so lower scores indicate better cognitive function.'®
Based on a study of patients with CVD (advanced CHF), a 32-second increase in time to
complete the task was provided as a meaningful cognitive decline.!**

The Monasterio 2001 RCT and the NRCS (Crawford-Achour 2015) evaluated participants on
the Trail Making Test A (TMT-A).

In the Monasterio 2001 RCT, participants in both the CPAP and no CPAP groups had
improvements in the TMT-A scores after 6 months. The calculated net difference between
groups were nonsignificant (net difference 3, 95% CI —4.6 to 10.6) and favoring no CPAP. In the
NRCS, TMT-A scores increased (worsened) by 5 to 10 seconds in the two groups at 10 year
followup (adjusted P = 0.09). Based on the (unadjusted) scores reported and the adjusted P-
value, we calculated a net difference of 5.5 seconds (95% CI —0.8 to 11.1), nonsignificantly
favoring no CPAP.
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The Monasterio 2001 and PREDICT 2014 RCTs and the NRCS (Crawford-Achour 2015)
evaluated participants on the Trail Making Test B (TMT-B).

In the RCTs, participants in both the CPAP and no CPAP groups had improvements in the
TMT-B scores after 6 or 12 months. The difference between groups were nonsignificant and
favored the no CPAP group (PREDICT: net difference 6.2 seconds, 95% CI —3.4 to 15.8, 12
months; Monasterio 2001: net difference 10, 95% CI —5 to 25, 6 months). In the NRCS, TMT-B
scores increased (worsened) by 10 to 20 seconds in the two groups upon 10-year followup
(adjusted P = 0.19). Based on the (unadjusted) scores reported and the adjusted P-value, we
calculated a net difference of 11.3 seconds (95% CI —5.6 to 28.2), nonsignificantly favoring no
CPAP.

Meta-analysis of the two RCTs (Figure 12) yielded a nonsignificant difference in changes in
TMT-B with or without CPAP at 6 or 12 months, nonsignificantly favoring no CPAP (net
difference 7.3 seconds, 95% CI —0.8 to 15.4). However, the difference was considerably less
than the MCID of 32 seconds. Inclusion of the 10-year followup NRCS minimally altered the
summary estimate to a statistically significant net difference of 8.0 (95% CI, 0.7, 15.4), favoring
no CPAP. A sensitivity analysis showing the change in results as the analysis borrows strength
from the NRCS evidence is shown in Appendix D, Figure D-7. The figure shows that that adding
NRCS evidence (to RCT-only evidence) has very little effect on the summary net difference but
increases precision to the point of significance.

Pelletier-Fleury 2004!% investigated attention and concentration by adopting an incompletely
validated parameter that evaluated the ratio of TMT-B to TMT-A. The ratio eliminated general
speed variance (assessed by TMT-A time) to focus on the time required for shifting (from letters
to numbers and from numbers to letters). The RCT reported the outcomes for participants in AHI
>30 and AHI<30 subgroups. The participants in both the AHI subgroups had improvements in
the scores after 6 months. However, in both subgroups the net difference between CPAP and no
CPAP was 0 seconds (AHI >30 P =0.61; AHI <30 P =0.93).

Figure 12. Meta-analysis of CPAP versus No CPAP: Trail Making Test B

Studies Flup, N CPAP/ Net Diff (95% CI)
mo No CPAP
Monasterio 2001 6 66/59 10.00 (-5.21, 25.21) ]
PREDICT 12 98/99 6.20 (-3.40, 15.80) L]
RCT (1?=0%) 7.28 (-0.84, 15.40) o e —
Crawford—Achour 2015 120  33/93 11.29 (-5.59, 28.17) »
NRCS 11.29 (-5.59, 28.17) N —
Overall (2=0%) 8.04 (0.72, 15.35) ———e e —e—

-5 0 5 10 1‘5 20
Favors CPAP Favors No CPAP
Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, F/up = followup, I> = measure of
statistical heterogeneity ranging from 0% (none) to 100%, NA = not applicable, Net Diff = net difference, NRCS =
nonrandomized comparative studies, PREDICT = trial with undefined acronym, RCT = randomized controlled trials.

Other Cognitive Tests

The results of all test and subtests are in Appendix D Table 1. Across six studies, each of the
other cognitive tests or subtests was evaluated in only a single study. Most analyses (35 of 42) of
the net differences between CPAP and no CPAP groups were not statistically significant.
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Heterogeneity of Treatment Effect and Applicability

Subgroup analyses were not conducted regarding effects of CPAP on MMSE or TMT-B.
Study findings were statistically similar for these outcomes, thus no clear differences by
population characteristics could be gleaned across studies.

One RCT reported subgroup analyses by severity of OSA (APPLES).””-*® OSA was defined
as mild (AHI 10 to 15), moderate (AHI 15.1 to 30), and severe (AHI >30). In no subgroup did
they find a significant net difference for the Pathfinder Number Test Total Time, Buschke
Selective Reminding Test Sum Recall, or Sustained Working Memory Test Overall Mid-Day
Index scales at 6 months.

The studies reporting on cognitive function, which mostly reported similar (nonsignificant
differences), included a broad range of adult patients with OSA across age, AHI severity, history
of CVD, and other characteristics. The PREDICT trial and the NRCS by Crawford-Achour 2015
were arguably most applicable to Medicare-eligible patients based on age criteria (=65 years).

Summary of Effect of CPAP on Cognitive Function

Studies evaluated a wide range of cognitive tests, but with little consistency. It is not clear
that the two tests—evaluated by at most three studies each (2 RCTs and 1 NRCS)—are ideal to
evaluate changes in cognitive function in cognitively normal participants with OSA. Only the
NRCS evaluated patients over a long enough period of time over which one might expect to see
cognitive changes (10 years); the two RCTs were relatively short-term (6 and 12 months) in
duration.

Three RCTs provide low SoE that CPAP does not have a clinically significant effect on
executive cognitive function as measured by the MMSE or TMT-B tests (Table 15). Changes in
cognitive function test scores were small and did not differ between groups. The low SoE
suggests that we have limited confidence that the summary estimates (and their confidence
intervals) are close to the true effect. Additional evidence is needed before concluding either that
the findings are stable or that the estimate of effect is close to any true effect.

There is insufficient evidence regarding the effect of CPAP on other measures of cognitive
function. No study evaluated the risk of dementia.

Quality of Life and Functional Status Outcomes

Eight RCTs!?% 97 101, 103,105,109, 113, 118 414 one NRCS!'?° reported on QoL based on a variety of
measures. A ninth RCT reported on functional status outcomes, based on the Functional
Outcomes of Sleep Questionnaire (FOSQ).'** We included all QoL and functional status
outcome measures that were reported in eligible studies regardless of whether they have been
validated in patients with OSA or whether there is a claim that the QoL measure is in fact a
health-related QoL measure.®

Five of the RCTs (ISAACC, MOSAIC, PREDICT, RICCADSA, SAVE) reported CVD
outcomes and are described in the section, above, Mortality and Cardiovascular Outcomes. In
brief, ISAACC included patients hospitalized for acute coronary syndrome with AHI >15 but
without excessive daytime sleepiness. MOSAIC included 45- to 75-year-old adults with ODI
>7.5 and ESS >9; the study was deemed high risk of bias due to lack of blinding and high
dropout rate at 2 year followup. In PREDICT, participants were at least 65 years of age with
newly diagnosed OSA (ODI >7.5, ESS >9); the study was deemed moderate risk of bias due to
lack of participant or clinician blinding. RICCADSA randomized participants with OSA (AHI
>15 and ESS <10) and CAD with coronary revascularization; the study was rated as high risk of
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bias due to lack of blinding and high crossover. SAVE randomized participants with history of
CVD or CeVD and OSA (ODI >12); the study was deemed moderate risk of bias due to lack of
participant or clinician blinding.

The APPLES trial and Monasterio 2001 also reported cognitive function outcomes and are
described in the section, above, Cognitive (Executive) Function.'®* Briefly, the APPLES RCT
included participants with AHI >10 and the Monasterio 2001 RCT included participants with
AHI between 10 and 30 without severe daytime sleepiness. APPLES was deemed low risk of
bias (the study used a sham CPAP as a control) and Monasterio 2001 was deemed moderate risk
of bias due to lack of participant or clinician blinding.

The remaining three studies did not report previously summarized outcomes. Shaw 2016
randomized participants with OSA (ODI >15) and type 2 DM to CPAP (n=151) or no CPAP (n
= 147) and followed them for 6 months.!!® The trial was conducted and analyzed with an ITT
approach. The mean baseline AHI was about 27 and mean baseline ODI was about 23. The study
sample was 64 percent male and their mean age was 62.3 years. Patients were mostly obese, with
a mean BMI of 33.0. The study was powered to detect a change in hemoglobin Alc, but not
explicitly QoL outcomes. At 6 months, 61 percent of CPAP users were adherent (>4 hours per
night, 70% of nights) and mean CPAP usage was 4.9 hours per night. The study was rated as
high risk of bias due to poor allocation concealment, lack of blinding (including outcome
assessors), and higher withdrawal rate in the CPAP group (21%) than the no CPAP group (7%),
largely due to intolerance of treatment.

The BestAIR (Best Apnea Interventions for Research) trial randomized patients with OSA
(AHI >10) and CVD to CPAP (n = 83) or sham CPAP (n = 86) and followed for 6 or 12 months,
depending on when they were recruited.!? %! The trial conducted an ITT analysis. The mean
baseline AHI was 26.2 in the CPAP group and 32.0 in the sham CPAP group. The mean baseline
ESS was about 8.3. The study sample was 65 percent male. The mean age of participants was
63.8 years. Patients were mostly obese, with a mean BMI of 31.7. The study was powered for
changes in vascular markers and was described (post hoc) as underpowered for QoL outcomes.
At 6 months, 43 percent of CPAP users were adherent (>4 hours per night, 70% of nights). While
the study was fully blinded, it was rated at moderate risk of bias due to differential followup
times.

Bjornsdottir 2015 reported a NRCS that compared CPAP use to no use based on adherence
over 2 years.'?® CPAP users were those who used CPAP for more than 20 of the prior 28 days for
at least 4 hours/night on average (based on objective data) or more than 5 nights/week for at least
60 percent of the night by questionnaire (n = 348). CPAP nonusers were those who had returned
their CPAP device within 1 year of therapy initiation and did not undergo upper airway surgery
and were not using mandibular devices (n = 214). The study included adults with OSA (AHI
>15) all of whom were prescribed CPAP. Mean AHI at baseline was not reported. Mean ESS for
all participants was 11.7. The mean age of participants was 54.6 years and 81 percent were men.
Most participants were obese, with a mean BMI of 33.4. The study was rated as high risk of bias
as participants were categorized based on their decision to use or forego CPAP (thus participant
selection bias based on participant characteristics observed after the start of intervention);
although the study used a propensity score-model to adjust for baseline confounders.

In brief, seven studies compared treatment with CPAP with no treatment and BestAIR
compared real and sham CPAP. All but one study (Bjornsdottir 2015) were evaluated as ITT or
“as-prescribed” analyses of CPAP prescription. Bjornsdottir 2015 compared adherent users with
nonusers. None of the studies was explicitly powered for QoL or functional status outcomes.
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As will be described for each measure, the measures mostly have not been validated in adults
with OSA. In addition, the QoL measures might not qualify as health-related QoL measures.®

Effect of CPAP on Quality of Life and Functional Status
Appendix Table D-3 includes the results from each study.

Short Form

The non-disease-specific Short Form (12 and 36 component versions) is a widely-used
measure of QoL composed of set of generic questions that relate to vitality, physical functioning,
bodily pain, physical role functioning, general health perceptions, emotional role functioning,
social role functioning, and mental health). Scores are calculated for a Physical Component
Summary and a Mental Component Summary. Scores range from 0 to 100 with Aigher scores
indicating better QoL. The measure, and various versions and subscores (such as the Physical
Component Summary and the Mental Component Summary) has been validated and found
reliable in populations with numerous health conditions, but we did not find a validation study
specifically in adults with OSA. An evaluation of the Medical Expenditure Panel Survey of 1040
older adults (mean age 74) who responded to a survey found the Physical and Mental
Component Summaries to each be valid and reliable in this population.'*’ These subscores are
designed to have the same mean, SD, and thus MCID as the total SF-36 score. Thus, the MCID
is about 4 to 7 points in a range of populations.®!- 146

Physical Component Summary

Four RCTs evaluated QoL based on the SF-36 Physical Component Summary at either 6
months (MOSAIC), 1 year (BestAIR and RICCADSA) or a mean of 3.7 years (SAVE). The
trials evaluated change in the measure in most randomized participants (BestAIR 100%, SAVE
89%, RICCADSA 84%, MOSAIC 83%). The four trials were inconsistent in that SAVE,
MOSAIC, and BestAIR reported a significantly higher net improvement with CPAP,!2 100 101,105
while RICCADSA reported a nonsignificantly worse improvement with CPAP.!!* Meta-analysis
of these RCTs yielded a nonsignificant net difference of 1.2 point (95% CI —0.5, 3.0),
nonsignificantly favoring CPAP, with a large degree of heterogeneity across studies (Figure 13).

Adherence with CPAP among the four RCTs was 38 percent (MOSAIC), 42 percent
(SAVE), 52 percent (BestAIR), and 60 percent (RICCADSA). SAVE did not report an analysis
among CPAP adherers. BestAIR found no correlation between CPAP adherence the QoL
outcome (P = 0.89); changes in score were not significantly different between low and higher
CPAP adherence. RICCADSA also reported no significant difference based on adherence.

The NRCS (Bjornsdottir 2015) reported results based on the shorter SF-12 comparing CPAP
users with nonusers. The mean difference in the Physical Component Score was 3.42 (standard
error [SE] 0.53) for the adherent CPAP group and 1.79 (SE 0.66) for the no CPAP group, with a
nearly significant difference in an adjusted ANCOVA model (P = 0.06) at 2 years; although this
P-value does not account for multiple comparisons testing. Based on the (unadjusted) scores
reported and the adjusted P-value, we calculated a net difference of 1.6 (95% CI —0.1 to 3.3).
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Figure 13. Meta-analysis of CPAP versus no CPAP: SF-36 Physical Component

Summary
Studies Flup, N, Net Diff (95% Cl)

mo CPAP/No CPAP
BestAIR 2017 12 83/86 3.4 (1.5,5.3) =
MOSAIC 2012 6 165/158 1.8 (0, 3.6) =
RICCADSA 2016 12 102/104 -1.6 (-4.2,1.0) =
SAVE 2016 44 1218/1189 0.9 (0.3, 1.5)
Overall (?=79%) 1.2 (-0.5, 3.0) —_—

IFavors No CPAP , , Favors CPAPI

-4

-2 0

2 4

6

Mean Difference
Abbreviations: BestAIR = Best Apnea Interventions for Research, CPAP = continuous positive airway pressure, CI = confidence
interval, F/up = followup, I? = measure of statistical heterogeneity ranging from 0% (none) to 100%, MOSAIC = Multicentre
Obstructive Sleep Apnoea Interventional Cardiovascular trial, Net Diff = net difference (difference-in-difference), RICCADSA =
Randomized Intervention with Continuous Positive Airway Pressure in CAD and OSA trial, SAVE = Sleep Apnea
cardioVascular Endpoints trial, SF = Short Form.

Mental Component Summary

Five RCTs evaluated QoL based on the SF-36 Mental Component Summary at 6 months
(MOSAIC and Shaw 2016),!%5: 118 1 year (BestAIR and RICCADSA),'% 191113 ¢ 3 mean of 3.7
years (SAVE).!? The trials evaluated change in the measure in most randomized participants
(BestAIR and Shaw 2016 100%, SAVE 89%, RICCADSA 84%, MOSAIC 83%). The five trials
were mostly consistent, with net differences ranging from 0.2 to 2.6. Three reported significantly
higher net improvements with CPAP. By meta-analysis, the five RCTs yielded a statistically
significant 1.4 point (95% CI 0.8 to 2.1) higher net improvement for CPAP when compared to no
CPAP (Figure 14). The difference is likely not clinically significant (<4 points).

Adherence with CPAP among the five RCTs was 38 percent (MOSAIC), 42 percent (SAVE),
52 percent (BestAIR), and 60 percent (RICCADSA); in Shaw 2016, mean CPAP usage was 4.9
hours per night at 6 months. SAVE did not report an analysis among CPAP adherers. The
MOSAIC trial reported a significantly larger effect among adherent (>4 hr/night) CPAP users
than nonadherent users (4.75 vs. 1.64, P for interaction 0.02). BestAIR found no correlation
between CPAP adherence the QoL outcome (P = 0.69); changes in score were not significantly
different between low and higher CPAP adherence. RICCADSA also reported no significant
difference based on adherence. Shaw 2016 reported a statistically significant difference (with no
CPAP) in the Mental Component Score in the CPAP adherent subgroup, but did not report
further details including whether the difference was significantly different than among
nonadherent users.

The NRCS (Bjornsdottir 2015) also reported results based on the SF-12 comparing CPAP
users with nonusers. The mean difference in the Mental Component Score was 2.13 (SE 0.54) for
the adherent CPAP group and 2.35 (SE 0.68) for the no CPAP group, with no significant
difference in an adjusted ANCOVA model (P =0.80) at 2 years. Based on the (unadjusted)
scores reported and the adjusted P-value, we calculated a net difference of —0.2 (95% CI—1.9 to
L.5).
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Figure 14. Meta-analysis of CPAP versus no CPAP: SF-36 Mental Component

Summary
Studies Flup, N, Net Diff (95% CI)

mo CPAP/No CPAP
BestAIR 2017 12 83/86 0.2 (-2.1,2.5) =
MOSAIC 2012 6 165/158 2.6 (0.9, 4.3) ]
RICCADSA 2016 12 102/104 2.6 (0.1,5.1) -
SAVE 2016 44 1218/1189 1.2 (0.6, 1.8) —.—
Shaw 2016 6 151/147 1.5(-0.7,3.7) =
Overall (?=13%) 1.4 (0.8, 2.1) _

II:avors No (IDPAP : : : F:‘:Jvors CPAF:

-2 -1 0 1 2 3 4 5
Mean Difference

Abbreviations: BestAIR = Best Apnea Interventions for Research, CPAP = continuous positive airway pressure, CI = confidence
interval, F/up = followup, I? = measure of statistical heterogeneity ranging from 0% (none) to 100%, MOSAIC = Multicentre
Obstructive Sleep Apnoea Interventional Cardiovascular trial, Net Diff = net difference (difference-in-difference), RICCADSA =
Randomized Intervention with Continuous Positive Airway Pressure in CAD and OSA trial, SAVE = Sleep Apnea
cardioVascular Endpoints trial, SF = Short Form.

EuroQol-5D

EuroQol-5D is a widely-used non-disease-specific measure of QoL composed of generic
health status questions that relate to mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Scores range from 0 to 1 with Aigher scores indicating better QoL (the
measure also allows for negative values that can be considered to indicate being worse than
dead). The measure has been validated and found reliable in populations with numerous health
conditions, but we did not find a validation study specifically in adults with OSA. The MCID is
about 0.18 points across a range of adults with various health conditions.!'*’

ISAACC, MOSAIC, and SAVE all reported a small, not clinically significant, net difference
0f 0.02 on the EuroQol-5D scale, favoring CPAP use over no CPAP use (ISAAC reported a
difference of 0.02 at 12, 24, and 36 months, and 0.03 at 48 months). The effect was statistically
significant in the relatively large SAVE trial (with 91% of randomized participants analyzed),
but not in the smaller MOSAIC trial (with only 55% analyzed). In ISAAC, the difference was
just statistically significant at 12 and 24 months, but not 36 or 48 months.

Quality of Well-Being Scale

APPLES? reported significant improvements in Quality of Well-Being Scale scores between
baseline and the 6-month followup among both sham and CPAP groups. However, the changes
were the same in both groups; thus, no difference between groups.

Sleep Apnea Quality of Life Index

The Sleep Apnea Quality of Life Index (SAQLI) is an OSA-specific questionnaire composed
of four core domains: daily functioning, social interactions, emotional functioning, and
symptoms. The index has been validated against other measures of QoL symptom scores, and
physiologic measures in adults with OSA.'* The index ranges from 1 to 7 with Aigher scores
indicating better QoL. The MCID is about 1 to 2 points.®?

MOSAIC and PREDICT reported statistically significantly higher net improvements on the
SAQLI scale, of 0.6 (95% CI 0.4 to 0.8) points'® and 0.4 (95% CI 0.2, 0.6),'” which were likely
not clinically significant. Both trials analyzed most randomized participants (MOSAIC 84%,
PREDICT 86%). Neither trial compared ITT and CPAP adherers analyses. In a comparison
between CPAP and sham CPAP, the APPLES trial reported an increased odds of having a
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change in SAQLI total score of at least 1 point in the CPAP arm than the sham CPAP arm
(adjusted OR 1.66, 95% CI 1.1 to 2.6).”® Among nonadherent participants (<4 hours/night), there
were no changes or difference between groups over 6 months. Among adherent participants,
SAQLI scores rose in both groups (CPAP 0.3 points vs. sham 0.1 points), which we calculated as
a statistically significant difference (net difference 0.2, 95% CI 0.05 to 0.35). However, CPAP
adherence (>4 hours vs. <4 hours) was not predictive of SAQLI change (P = 0.53).

Functional Outcomes of Sleep Questionnaire

FOSQ was designed to assess the impact of disorders of excessive sleepiness on multiple
activities of everyday living and the extent to which these abilities are improved by effective
treatment. It addresses questions related to activity level, vigilance, intimacy and sexual
relationships, general productivity, social outcome, and the perceived difficulty of performing a
given activity. It has been validated against other QoL measures in CPAP-treated patients with
OSA;% although we found no studies that have validated it against established OSA-related
health-related QoL outcomes. The scale ranges from 0 to 120 points, with higher scores
indicating better functional status. The MCID is about 17 to 20 points.'*

Monasterio 2001 evaluated functional status using a Spanish version of the original FOSQ-
30.1% This version of FOSQ had been validated in 39 patients with OSA (mean AHI 57.3, SD
21.7) and was found to be reliable and to correlate with self-determined assessments of health
status (“regular” or “poor” health”!>%). Of note, it is unclear how many of the randomized
participants were evaluated with FOSQ at 6 months. The RCT found a nonsignificant difference
in change in FOSQ at 6 months, favoring CPAP in direction with a net difference 3.0 points
(95% CI 3.6 to 9.6). The difference is not likely to be clinically significant. The study reported
no significant difference in outcome between the CPAP adherers (64%) and nonadherent
patients.

Heterogeneity of Treatment Effect and Applicability (QoL and Functional

Status)

A single study evaluated the effect of CPAP on QoL in subgroups of participants; however,
the study did not analyze whether the subgroup effects were significantly different from each
other and the study did not account for multiple (subgroup) comparisons in their conclusions.
The Bjornsdottir 2015 NRCS, of adherent users and nonusers, reported no significant effect of
CPAP on SF-12 scores among participants with sleepiness symptoms (ESS >10), without
sleepiness symptoms (ESS <10), or who used antidepressants.'?° They did find a small effect of
CPAP on the Physical Component Score among morbidly obese participants (BMI >35, net
difference 3.6, uncorrected P = 0.02), which was not seen in participants in other weight
categories.

While the three trials that reported on SF-36 Physical Component Summary scores yielded
heterogeneous results, it is not clear what differences across studies may have accounted for the
different findings. Studies did not find significant differences in effect based on adherence with
CPAP, which may suggest a true lack of effect or may indicate insufficient power to evaluation
the association.

Studies were heterogeneous regarding whether the effect of CPAP on the SF-36 Mental
Component Score was associated with CPAP adherence. Two RCTs suggested possible larger
effects among CPAP adherent users than nonadherent users, but two found no significant
association.
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The conclusions may be considered generally applicable to adults with OSA as the studies
included a broad range of adult patients with OSA across age, AHI severity, history of CVD, and
other characteristics.

Summary of Effect of CPAP on Quality of Life and Functional Status

Four RCTs provide low SoE that CPAP does not have a statistical or clinically significant
effect on the Physical Component Score of the SF-36 (Table 15). Although imprecise, all
estimates of effect were less than the clinically significant threshold of about 4 to 7 points
(summary net difference 1.2 (95% CI —0.5 to 3.0). Studies found no association between CPAP
adherence and change in the Physical Component Score. The measure has not been validated in
an OSA population.

Five RCTs provide low SoE that CPAP does not have a clinically significant effect on the
Mental Component Score of the SF-36. Although the trials suggest a small improvement with
CPAP, all estimates of effect were less than the clinically significant threshold of about 4 to 7
points (summary net difference 1.4, 95% CI 0.8 to 2.1). Studies were inconsistent whether
adherence with CPAP was associated with the Mental Component Score. The measure has not
been validated in an OSA population.

Four RCTs provide low SoE that CPAP does not have clinically significant effects on either
the EuroQoL-5D (3 RCTs) or the SAQLI (2 studies) measures of QoL. The measures have not
been validated in an OSA population. A fifth study found no difference in the Quality of Well-
Being Scale with or without CPAP use.

Thus, overall, there is low SoE that there is no clinically significant effect of CPAP on long-
term changes in QoL.

The low SoE for the various specific measures suggests that we have limited confidence that
the summary estimates (and their confidence intervals) are close to the true effect. Additional
evidence is needed before concluding either that the findings are stable or that the estimates of
effect are close to the true effect.

A single RCT provided insufficient evidence regarding the effect of CPAP on functional
status as measured by the FOSQ.

Sexual Function

Three studies (1 RCT?*** and 2 NRCSs'?% 131) reported on sexual function outcomes. None
reported on incident diagnoses (or resolution) such as erectile dysfunction or anorgasmia.

The Aarab 2017 RCT was described above, under Mental Health. In brief, the RCT included
adults with OSA and sleepiness symptoms (ESS >10 or >2 sleepiness symptoms) with at least
“mild” OSA (AHI >5). The participants were 70 percent male. The study was rated as moderate
risk of bias due to lack of participant or clinician blinding; the sexual health outcomes were
based on self-report. Sexual function outcomes were reported in a separate article.”

Budweiser 2013 was an observational study derived from a cohort of men who had had
diagnostic polysomnography for suspected OSA.'?* Although reporting was unclear, the study
apparently was a comparison of actual users versus nonusers (including nonadherent) with
CPAP. Among these 401 men, only 91 responded to a sexual function survey at a median
followup time of 3 years; OSA (AHI >5) was diagnosed in 83 of them (the subsample of
analyzed men had statistically similar characteristics as the total cohort). The men were on
average about 55 years old. CPAP users (n = 56) had significantly higher mean AHI (28.1) than
nonusers (14.7, n = 35) and were significantly heavier (BMI 32.6 vs. 29.7, respectively). The
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study was rated as high risk of bias because of inadequate description of assignment to CPAP,
the likely combination of patients not prescribed CPAP with those who were nonadherent with
CPAP, and the inadequate reporting of the adjusted analysis results.

Jara 2018 was an observational study that compared adherent CPAP use to nonadherent
use.!! The study included participants with an AHI >5 who used CPAP more than 4 hours per
night (72 CPAP users) or not (110 CPAP nonusers) over the course of 1 year. Median AHI was
higher among CPAP users (37.8) than among nonusers (20.5). The mean age of participants was
47.2, but CPAP users were older; 63 percent were men. Most participants were obese, with a
mean BMI of 31.9, which was similar between groups. The study was rated as high risk of bias
for evaluating CPAP based on adherence (rather than assignment/prescription).

In brief, three studies compared treatment with CPAP with no treatment. The single RCT was
evaluated as an ITT analysis. The two NRCSs compared adherent users of CPAP with
nonadherent/nonusers of CPAP. None of the studies was explicitly powered for sexual function.

Effect of CPAP on Sexual Function

Each of the three studies evaluated a different measure of sexual function based on different
questionnaires.

The single RCT, Aarab 2017 (reported in Nikolopoulou 2017°%) used the sexual/social
dissatisfaction measure on the Sleep Disorders Questionnaire (SDQ); range 0 to 5 with lower
scores indicating better sexual function).!>? The validity of this specific submeasure is unclear.
The RCT found no net difference between CPAP and placebo in change in SDQ among men and
women, combined, after 6 months (net difference 0; 95% CI —0.61 to 0.61). The study reported
that their per protocol analysis (with adherence on 83% of nights) was similar to the ITT
analysis.

The Budweiser 2013 NRCS reported multiple domains of sexual function based on the
International Index of Erectile Function (IIEF-15) questionnaire (range 5 to 75 with higher
scores indicating better sexual function).!>® The validity of the specific domains is unclear. Here
we include only the measures for which they conducted multivariable analyses: erectile function
and overall sexual function. At baseline (at the time of initial assessment), CPAP users and
nonusers had statistically similar ratings on the two scores, although both were higher (better) for
those who went on to use CPAP. The median IIEF-15 summary scores decreased (worsened)
somewhat for all participants over a median of 36.5 months. In multivariable ANOVA analysis,
adherent CPAP users had a somewhat improved sexual function summary score compared with
nonusers, but the difference between CPAP users and nonusers was not statistically significant (P
= 0.15, specific data not reported). In the multivariable analysis, erectile function was not
associated with CPAP use (data not reported).

The Jara 2018 NRCS'®! created a sexual function measure based on two sex-specific
questions from the Symptoms of Nocturnal Obstruction and Related Events (SNORE-25)
instrument.* The validity of this de novo specific submeasure is unclear. The study authors
converted the measure values into a standardized effect size such that a clinically important
improvement as >|0.2| and a large effect size as >|0.80|; reductions in scores indicate
improvements in sexual function. The study found that adherent CPAP users had improved
sexual function after 12 months (change in score —0.7) units compared with a marginal
improvement in the nonadherent group (—0.1) units. After multivariable adjustment, the net
reduction was a statistically and clinically significant 0.49 units (95% CI 0.09 to 0.89), favoring
CPAP use."!
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Heterogeneity of Treatment Effect and Applicability (Sexual Function)

The two NRCSs provided some information about subgroup differences in association with
CPAP use. In Budweiser 2013, in contrast with the overall group, in the subgroup of men with
moderate to severe erectile dysfunction, CPAP users (n = 21) experienced greater improvement
in the summary score than CPAP nonusers (n = 18, P = 0.014), but this analysis does not appear
to have been adjusted.!?

The Jara 2018 NRCS reported subgroup multivariable-adjusted results separately for men
and women.'*! For men, effect size for CPAP was not statistically or clinically significant (effect
size 0.16, 95% CI —0.26, 0.58), while it was large and statistically significant for women,
favoring CPAP (effect size 1.34, 95% CI1 0.50 to 2.18). However, whether the effect was
significantly different in women than men was not analyzed.

Further comparison across studies to elucidate heterogeneity of treatment effect is limited
due to different study designs and different outcome measures evaluated. No conclusions can be
made about potential differences in effect based on factors such as severity of OSA (e.g., by
AHI), definition of OSA or of apnea or hypopnea.

The three studies had relatively inclusive eligibility criteria, with, generally, a requirement
that patients had an AHI >5, although on average an AHI of about 20. None of the studies was
specifically applicable to Medicare-eligible patients, based on age.

Summary of Effect of CPAP on Sexual Function
There is insufficient evidence regarding the effect of CPAP on sexual function. Three studies
each reported on unique measures.

Other Sequelae of Sleep Deprivation

The only other sequela of sleep deprivation that was reported in eligible long-term studies
was days missed from work because of poor health. The SAVE trials reported the outcome, over
the mean followup of 3.7 years. They reported similar numbers of participants missing work
among those on CPAP (22.7%) and not on CPAP (23.6%). However, the number of missed days
was higher in the no CPAP group, resulting in a significantly higher annual rate: 130 (CPAP)
versus 159 (no CPAP) days per 100 participants per year; and a rate ratio of 0.82 (95% CI 0.80
to 0.85), favoring CPAP use. Of note, this endpoint was not prespecified and there was no power
calculation for it. They study did not report a subgroup analysis for this outcome.

The SAVE trial is primarily applicable to adults with a history of CAD or CeVD with
moderate to severe OSA (as defined by the study).

In summary, there is an insufficient SoE that CPAP decreases days of work missed due to
poor health compared to CPAP nonuse, based on a single RCT.

Key Question 1: CPAP Versus Other Active Treatments
Key Points

e Data on long-term health outcomes comparing CPAP with other active treatments are
relatively sparse. None was designed as a noninferiority or equivalence trial regarding
health outcomes.
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e There is low SoE that depression and anxiety symptoms remain similar between patients
receiving either CPAP or MAD. The comparative effects on QoL, functional status, and
sexual function are insufficient; other long-term health outcomes have not been reported.

e There is low SoE that functional status remains similar between patients prescribed fixed
CPAP or autoCPAP. Other long-term health outcomes have not been reported.

Seven studies that reported long-term health outcomes compared CPAP to other active
treatments (4 studies) or different CPAP devices (3 studies) that are approved or cleared for use
in the U.S. None of the studies evaluated long-term (>1 year) CVD outcomes, death, or
accident/trauma rates. None was designed or analyzed as a noninferiority or equivalence trial
regarding long-term health outcomes.

Table 20 summarizes the evidence from RCTs regarding the comparative effect of CPAP
versus other active treatments on long-term health outcomes. No eligible NRCSs were found. In
brief, comparative studies provide at most low SoE for all comparisons and outcomes. The low
SoE for the conclusions suggests that we have limited confidence that the summary estimates
(and their confidence intervals) are close to the true effect. Additional evidence is needed before
concluding that the findings are stable or that the estimate of effect is close to the true effect. .

We conclude that the RCTs do not provide evidence of a difference in effect between auto-
versus fixed CPAP on functional status, or between CPAP and MAD on depression and anxiety
symptoms, QoL, or functional status. There is insufficient or no comparative evidence for other
comparisons and outcomes.
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Table 20. Evidence profile for CPAP versus mandibular advancement devices or between types of CPAP

Outcome Study Design No. Studies Risk of Bias Consistency Precision Directness Other Overall SoE  Conclusion Statements
(Subjects)

Death and CV 0 None

outcomes

Accidents 0 None

Hypertension 0 None

Diabetes . 0 . . . . . . None

Depression (CPAP  RCT 2(123) Moderate Consistent Imprecise  Indirect None Low No evidence of difference

vs. MAD)

Anxiety (CPAPvs.  RCT 2(123) Moderate Consistent Imprecise  Indirect None Low No evidence of difference

MAD)

Cognitive function . 0 . . . . . . None

QoL & functional RCT 4 (239) Moderate Consistent Imprecise  Indirect None Low No evidence of

status (CPAP vs. differences

MAD)

Functional status RCT 3 (352) Moderate Consistent Imprecise  Direct None Low No evidence of

(auto vs. fixed differences

CPAP)

Sexual function RCT 1(38) Moderate N/A Imprecise  Indirect Single study Insufficient  No conclusion

(CPAP vs. MAD)

Days of work 0 None

missed

Abbreviations: . = no information, adj NRCS = adjusted nonrandomized comparative studies, CPAP = continuous positive airway pressure (device), CV = cardiovascular, MAD =

mandibular advancement device, QoL = quality of life, RCT = randomized controlled trials, SOE = strength of evidence.

Evaluations of RCT evidence base are in bold font.
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Note that where each included study is described for the first time (in detail), we have put the
study or author/name in bold font to assist the reader to find the relevant description when the
study is included in subsequent sections.

CPAP Versus MAD

Four RCTs compared CPAP with mandibular advancement devices (MAD),”3 134156
evaluating depression and anxiety, QoL, functional status, and sexual function (Table 21).

Mental Health (CPAP Versus MAD)

Two RCTs evaluated anxiety and depression (Aarab 2017 and de Vries 2019). Aarab 2017 is
described under CPAP Versus No CPAP /Mental Health. Here we focus on their comparison of
CPAP versus MAD. Briefly, it included adults with at least “mild” OSA (AHI >5) and sleepiness
symptoms (ESS >10 or >2 sleepiness symptoms).”> Participants (assigned to either CPAP, n =
18, or MAD, n = 20) were, on average, about 52 years old, 74 percent male, had a mean AHI
about 21 and mean ESS about 11. Participants were mostly obese with a mean BMI of about 29.
The study was powered for changes in AHI, not explicitly for any health outcome. The study was
rated as moderate risk of bias due to lack of participant or clinician blinding; the mental health
outcomes were based on self-reported completion of the SCL-90-R. SCL-90-R has not been
validated in the OSA population.

After 6 months of CPAP or MAD, depression scores changed (improved) by —2.9 and —2.3
points, respectively, and anxiety scores changed (improved) by —1.7 and —2.0, respectively. The
differences between groups were statistically and clinically nonsignificant: depression net
difference —0.8 (95% CI 9.4, 7.8), anxiety net difference 0.3 (95% CI —4.7 to 5.3).

The De Vries 2019 RCT compared CPAP (n =42) to MAD (n = 43) in 85 participants with
OSA in an ITT analysis.!>* Participants were included if they had an AHI between 15 and 30.
The median baseline AHI was about 20 and the participants were 82 percent male. The mean age
of participants was 50.7. The study was powered for changes in AHI, not explicitly for any
health outcome. Among monitored patients, 68 percent of participants continued with their
assigned treatment (not reported for each device). Those who continued treatment used their
devices for a median of 6.8 hours per night with CPAP and 7.4 hours per night with MAD. The
study was powered for changes in AHI, but not explicitly for any health outcome. The study was
rated as moderate risk of bias due to lack of participant or clinician blinding; the mental health
outcomes were based on self-reported completion of the HADS. HADS has not been validated in
the OSA population.

After 12 months of CPAP or MAD, median depression scores changed improved) by —1
point in the CPAP group and —2 points in the MAD group. Median anxiety scores changed by —1
point in both groups. None of the changes or differences were clinically or statistically
significant.

Neither study reported subgroup analyses.

In summary, there is low SoE that depression and anxiety symptom scores are improved by
similar, not clinically significant, degrees after 6 or 12 months of either CPAP or MAD use
(Table 20). The measures have not been validated in an OSA population. The low SoE suggests
that we have limited confidence that the summary estimates (and their confidence intervals) are
close to the true effect. Additional evidence is needed before concluding either that the findings
are stable or that the estimate of effect is close to the true effect.
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Quality of Life and Functional Status Outcomes (CPAP Versus MAD)

Two RCTs evaluated various measures of QoL (Berg 2020 and de Vries 2019).13% 135 In
addition, two studies (de Vries 2019 and Uniken Venema 2020) evaluated functional status.'>*
156

Berg 2020 randomized participants aged 20 to 75 years with moderate OSA (AHI 10 to 29.9)
to CPAP (n =37 assessed) or MAD (n = 41 assessed) for 1 year as an “as-treated” analysis.'>
For patients allocated to CPAP treatment, an autoCPAP device (ResMed, San Diego, CA, USA)
was adapted and calibrated by a sleep technician. Participants in the two groups had similar
characteristics in terms of age (52 years), gender (male 64%), BMI (31.5), and AHI (median
17.6). Adherence was poor; 51 percent of CPAP users were not adherent (>4 hours/night, >70%
of nights) and 12 percent of MAD users were nonadherent. The study was designed to be
powered for a 10 percent difference in SF-36 scores, but underpowered, with 69 patients needed
in each group. This trial was deemed to be at high risk of bias due to lacking of blinding and a
high rate of loss to followup due to quitting treatment (25%).

De Vries 2019, described in the previous section compared the two treatments in 85 patients
with moderate OSA (AHI 15 to 30).!>* The study reported SF-36, EuroQol-5D, and FOSQ in
CPAP compared to MAD at 1 year. For SF-36, we calculated the estimated Physical and Mental
Component Summary scores from the reported mean specific component scores. !>’ 158

Uniken Venema 2020 reported long-term followup of participants from a CPAP versus
MAD RCT who were continuing to use the treatment to which they were randomized.'*® At 10
year followup, about 30 percent of original patients participated and were still using CPAP (n =
17) or MAD (n = 14). Patients were included in the original RCT!* with OSA (AHI >5 and
excessive daytime sleepiness or at least two other sleep-related symptoms). Analyzed patients
were mostly male (94%) with a mean age of 60 years, mean BMI of 32.8, and a mean baseline
AHI 0f 49.2 in the CPAP group and 31.7 in the MAD group. Mean self-reported adherence at 10
years was very high at 6.5 to 7 nights per week and 7 to 8 hours per night of use. This analysis
did not define a power calculation. The study was deemed to be at high risk of bias given the
selective criteria for who was included in the analyses and a lack of adjustment between groups.

The SF-36 Physical and Mental Component Summaries were reported in (or calculable from)
Berg 2020 and de Vries 2019 (Table 21). In both trials, QoL scores improved, on average, with
both CPAP and MAD treatment; however, changes in scores did not significantly differ between
devices. Differences between devise were less than the MCID of 4 to 7 points.5!

The de Vries 2019 trial found similar results for the EuroQol-5D analysis, with
improvements in both groups at 1 year, but a small, not clinically significant, imprecise
difference between groups: net difference —0.8 (95% CI —7.6 to 6.0; MCID ~18).

Two trials reported overall functional status, as measured with the FOSQ (de Vries 2019 and
Uniken Venema 2020). Mean functional status improved with both treatments, by clinically
significant amounts (MCID ~2), but differences between devices were small and nonsignificant.

None of the trials evaluated subgroup differences.

In summary, based on three small RCTs evaluated QoL (2 trials with SF-36, 2 trials of
EuroQol-5D) and functional status (2 trials). Overall, the trials did not provide evidence of
differences in effect of CPAP versus MAD on QoL or functional status (Table 20).

Sexual Function (CPAP Versus MAD)
Aarab 2017, described more fully above, included adults with at least “mild” OSA (AHI >5)
and sleepiness symptoms, and was of moderate risk of bias.”* ** The study evaluated SDQ in 18

112



participants using CPAP and 20 using MAD for 6 months (Table 21).”* The validity of this
specific submeasure is unclear. The RCT found no statistically significant net difference between
CPAP and MAD in sexual/social dissatisfaction on the SDQ scale (0.2; 95% CI —0.4 to 0.8).

The single small study provides insufficient evidence to make a conclusion regarding the
relative effectiveness of CPAP or MAD on sexual function (Table 20).

Comparison of CPAP Modalities

Three RCTs compared different CPAP modalities and reported on either SF-36 (Meurice
2007) or FOSQ (Bloch 2018 and Kushida 2011) (Table 22).

Quality of Life and Functional Status Outcomes (CPAP Modalities)

SF-36

Meurice 2007 evaluated SF-36. The trial randomized participants to five different CPAP
devices (4 different autoCPAP devices and 1 fixed CPAP) for 6 months.'® Participants had
severe OSA (AHI >30). Although this was an RCT, the study conducted an “as-treated” analysis
based on actual use of CPAP, with 65 patients with sleep study data out of the 83 patients
initially included in this study. The five groups had no differences between groups in mean AHI
(52.3, n=83) or mean ESS (11.3, n = 65). Overall, patients had a mean age of 56 years and a
mean BMI of 30.8. The study was minimally powered for an undefined clinically significant
change in AHI (requiring 12 participants per group). At 6 months, participants demonstrated
good adherence with no difference between groups (mean 5.5 to 7.0 hours per night). The study
was rated at high risk of bias due to lack of allocation concealment and blinding, and selective
reporting.

Mean SF-36 Physical and Mental Component Scores changed by statistically nonsignificant
amounts in all CPAP groups over a 6-month period, with a wide range of changes across groups.
Comparisons between each of the four autoCPAP groups and the fixed CPAP group, likewise
varied widely, but were also all highly nonsignificant.

The single high risk of bias trial provides insufficient evidence regarding difference in effect
on QoL with either fixed or autoCPAP.

FOSQ

Two RCTs evaluated FOSQ in comparisons of autoCPAP and fixed CPAP (Table 22).

Bloch 2018 randomized participants with OSA (AHI >10 and ESS >8) to either autotitrated
CPAP (n = 113) or fixed CPAP (n = 95) for 2 years as an ITT analysis.'®! The study was
designed to test equivalence of autotitrated and fixed CPAP for ESS and sleep resistance, but not
for health outcomes. The median baseline AHI was 48 and median ESS was 13. The study
sample was 87 percent male. The median age was 55.5 years. Patients were mostly obese, with a
median BMI of 32.7. The study was designed as and powered for an equivalence trial regarding
ESS and sleep resistance time. The study was rated as moderate risk of bias due to lack of
participant or clinician blinding (although outcome assessors were blinded). The trial was funded
in part by ResMed and the Philips-Respironics Foundation.

Kushida 2011 randomized participants with OSA (AHI >15) to autotitrated CPAP (n = 54),
or fixed CPAP (n = 57) for 6 months as an ITT analysis.'*> The mean baseline AHI was 38. The
study sample was 87 percent male. The mean age of participants was 48.7 years. Patients were
mostly obese, with a mean BMI of 34.5. A third randomized group (n = 53) received autotitrated
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CPAP for 2 weeks to determine the level at which to fix CPAP pressure for the duration of the
study. This comparison group was omitted as being outside the scope of this review. The study
did not report an explicit power calculation. This trial was deemed to be low risk of bias for all
criteria, including participant, clinician, and outcome assessor blinding. The study was funded by
Philips Respironics.

In both studies, functional status scores improved (increased) among those receiving
autoCPAP and fixed CPAP. However, the differences between groups at 2 years (Bloch 2018)
and 6 months (Kushida 2011) were small (—0.2 and —0.4), and neither statistically significant nor
clinically significant (MCID about 2 points), but estimates were imprecise. Based on these two
studies, there is low SoE that functional status does not differ in patients prescribed autoCPAP or
fixed CPAP (Table 20). The low SoE suggests that we have limited confidence that the summary
estimates (and their confidence intervals) are close to the true effect. Additional evidence is
needed before concluding either that the findings are stable or that the estimate of effect is close
to the true effect.
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Table 21. CPAP versus MAD RCTs: Mental health, quality of life, functional status, and sexual function

Study PMID Outcome Scale (Direction) Followup Arm N Analyzed Mean Diff (SD) Net Diff [of
[MCID] Duration (Baseline / [Diff of Median] (95% Cl),
Followup) Median], Between-Arm
Within-Arm
. Depression . . . . . .
Aarab 2017 28083705% SCL-90-R: Depression NR (lower better) 6 mo CPAP 18/18 -3.1(15.9) -0.8(-9.4,7.8)
[NR] MAD 20/20 -2.3 (10.3)
de Vries 2019 31596213 HADS: Depression 0-21 (lower better) 1yr CPAP 39/37 [-1.0] [1.0], NS
component [1.9] MAD 40/29 [-2.0]
. Anxiety . . . . . .
Aarab 2017 28083705% SCL-90-R: Anxiety NR (lower better) 6 mo CPAP 18/18 -1.7 (9.4) 0.3(-4.7,5.3)
[NR] MAD 20/20 -2.0 (4.2)
de Vries 2019 31596213 HADS: Anxiety component 0-21 (lower better) 1yr CPAP 39/37 [-1.0] [0] NS
[1.7] MAD 40/29 [-1.0]
. QoL/Functional status . . . . . .
Berg 2020 32665778'% SF-36, PCS 0-100 (higher 1yr CPAP 55/55 1.7 1.8 (-0.5,4.1)A
better) [~4-7] MAD 49/49 0.5
SF-36, MCS 0-100 (higher 1yr CPAP 55/55 2.2 -2.5(-6.3, 1.3)
better) [~4-7] MAD 49/49 4.4
de Vries 2019, 31596213 SF-36, PCS (estimated ) 0-100 (higher 1yr CPAP 39/37 7.2 (51.0) 2.4 (-20.7, 25.5)
better) [~4-7] MAD 40/29 4.9 (51.8)
SF-36, MCS (estimated B) 0-100 (higher 1yr CPAP 39/37 1.9 (45.5) 0.4 (-20.2, 20.9)
better) [~4-7] MAD 40/29 1.6 (46.1)
EuroQol-5D 0-100 (higher 1yr CPAP 39/37 4.0 (12.9) -0.8 (-7.6, 6.0)
better) [~18] MAD 40/29 4.8 (14.7)
FOSQ 5-20 (higher better) | 1 yr CPAP 39/37 [2.4] [-0.1], NS
[~2] MAD 40/29 [2.5]
Uniken Venema 2020, FOSQ 5-20 (higher better) | 10 yr CPAP 17117 5.1(3.8,6.4) 0.8 (-1.1,2.7)
31992403 [~2] MAD 14/14 4.3 (2.9,5.7)
. Sexual function . . . . . .
Aarab 2017, 28294380% SDQ, sexual/social 0-5 (lower better), 6 mo CPAP 18/18 0(0.9) 0.2 (-0.4,0.8)
dissatisfaction NR MAD 20/20 -0.2 (1.1)

Abbreviations: . = no information, CPAP = continuous positive airway pressure, FOSQ = Functional Outcomes of Sleep Questionnaire, HADS = Hospital Anxiety and Depression
Scale, MAD = mandibular advancement device, MCID = minimal clinically important difference, MCS = Mental Component Summary, Mean Diff = mean difference, Net Diff =
net difference (difference-in-difference), NR = not reported, NS = nonsignificant (statistically), PCS = Physical Component Summary, PMID = PubMed identifier, QoL = quality

of life, RCTs = randomized controlled trials, SCL—90—R = Symptom Checklist-90-Revised, SD = standard deviation, SDS = Self-rating Depression Scale, SF = Short Form.

A Adjusted difference. Analyses of adherent users had smaller, less statistically significant differences.
B Calculated from reported specific component scores.
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Table 22. Comparison of CPAP devices RCTs: Quality of life and functional status

Study PMID Outcome Scale (Direction) Followup | Arm N Analyzed Mean Diff (SD), Net Diff (95% ClI),
[MCID] Duration Within-Arm Between-Arm
Meurice 2007 SF-36, 0-100 (higher better) 6 mo AutoCPAP (4 devices) | 51 total -5.0to 7.5 (all NS) -9.2t0 3.3 (all NS)
17638595'% PCS [~4-7] Fixed CPAP 14 4.2 (-0.6, 9.0)
SF-36, 0-100 (higher better) 6 mo AutoCPAP (4 devices) | 51 total -0.8 to 7.8 (all NS) -2.7 10 5.9 (all NS)
MCS [~4-7] Fixed CPAP 14 1.9 (-2.7,6.5)
Bloch 2018 FOSQ 5-20 (higher better) 24 mo AutoCPAP 113 3.0(2.4) -0.4 (-0.9,0.1)4
28982804¢! [~2] Fixed CPAP 95 2.6 (2.2)
Kushida 2011 FOSQ 5-20 (higher better) 6 mo AutoCPAP 54/46 1.9(2.8) -0.2(-1.6,1.1)
21804670'% [~2] Fixed CPAP 57/47 3.3(2.2)

Abbreviations: AutoCPAP = auto-adjust CPAP, CPAP = continuous positive airway pressure, FOSQ = Functional Outcomes of Sleep Questionnaire, HADS = Hospital Anxiety

and Depression Scale, Mean Diff = mean difference, Net Diff = net difference (difference-in-difference), PMID = PubMed identifier, RCTs = randomized controlled trials.

A Adjusted difference.
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Key Question 1: CPAP Adverse Events

Key Points

e Eligible comparative studies (RCTs and adjusted NRCSs) that reported long-term
outcomes provided insufficient evidence regarding adverse events.

e Based on 854 case reports of adverse events available in the FDA database, leading types
of adverse events related to oral and dental health, respiratory system, otolaryngology,
odors, allergies and rashes, burns, eye health, aspiration, aerophagia, and miscellaneous
other adverse events. Postulated reasons for adverse events mostly related to inadequate
humidification, user errors, or device malfunction. No deaths were attributed to CPAP
device use. We did not include information on FDA warnings or recalls.

Evidence

Only two RCTs reported adverse events related to CPAP use.!” !'® None of the NRCSs
reported adverse event data. Here we focus on adverse events reasonably attributable to CPAP
use, as opposed to adverse outcomes that may occur among people using (or not using) CPAP
that some studies classify as adverse events (e.g., stroke). Neither study reported the same
adverse events (Table 23). We omitted a third trial of CPAP versus MAD that reported only
adverse events attributable to MAD (temporomandibular joint disorder and delta overjet, a
measure of tooth misalignment).!> 163 184 These data are, however, included in the Appendix
tables.

The PREDICT trial prescribed an autotitrating CPAP device (S9 Autoset, ResMed), with
humidifiers and choice of interface made on an individual basis (n = 114 on CPAP).'” Shaw
2013 prescribed a similar autotitrating CPAP device (S8 Autoset Spirit II, ResMed), with
pressure settings between 5 and 20 cm H,0.!!8

Shaw 2016 directly compared rates of reported adverse events between groups, finding no
significant differences in rates of pneumonia, headache, epistaxis, musculoskeletal pain, or
gastrointestinal distress. In each instance, the adverse event occurred in no or one participant
total.

PREDICT reported adverse events probably related to CPAP treatment only for those using
CPAP. About one-quarter of participants reported interface related issues (e.g., claustrophobia,
dislike of mask, leaking air, red/watery eyes, sore skin, pressure uncomfortable) and about one-
third reported upper airway problems (e.g., dry mouth, runny or stuffy nose, sinus problems,
nose bleeds). Four participants (3%) each reported abdominal bloating or, separately, anxiety or
dyspnea related to CPAP use.

In summary, serious adverse events (that may require prescription treatment), including
pneumonia and headache, are uncommon, but minor adverse events, particularly related to
pressure or blown dry air, are common (at least for one device used in a particular manner).
Important to note, though, is that due to our restrictive eligibility criteria, this systematic review
is inadequate for the full assessment of CPAP-related adverse events. Thus, we conclude that the
eligible studies provide insufficient evidence regarding adverse events.
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Table 23. Adverse Events

Outcome Outcome Study CPAP Device Timepoint | CPAP n/N | No CPAP Risk Difference P Between Groups,
Type (%) n/N (%) (95% CI), % Reported
Head and Pneumonia Shaw AutoCPAP 6 mo 1/151 (0.7) | 0/147 (0) 0.7 (0.6, 2.0) 1.00
respiratory 201618 (S8 Autoset Spirit
II; ResMed)
Headache Shaw AutoCPAP 6 mo 0/151 (0) 1/147 (0.7) | -0.7 (-0.2,0.7) 0.49
20168 (S8 Autoset Spirit
Il; ResMed)
Upper airway PREDICT!® | AutoCPAP 12 mo 47/140 NR NR NR
problems A (S9 Autoset, (33.6)
ResMed)
Epistaxis Shaw AutoCPAP 6 mo 1/151 (0.7) | 0/147 (0) 0.7 (-0.6, 2.0) 1.00
201618 (S8 Autoset Spirit
Il; ResMed)
Psycho- Anxiety/dyspnea | PREDICT'® | AutoCPAP 12 mo 4/140 (2.9) | N/A N/A N/A
logical related to CPAP (S9 Autoset,
ResMed)
Musculo- Pain, Shaw AutoCPAP 6 mo 1/151 (0.7) | 1/147 (0.7) | 0(-1.9,1.8) 1.00
skeletal musculoskeletal | 2016!'!3 (S8 Autoset Spirit
Il; ResMed)
Gastro- Abdominal PREDICT!® | AutoCPAP 12 mo 4/140 (2.9) | NR
intestinal bloating (S9 Autoset,
ResMed)
Gastrointestinal Shaw AutoCPAP 6 mo 1/151 (0.7) | 0/147 (0) 0.7 (-0.6, 2.0) 1.00
distress 201618 (S8 Autoset Spirit
II; ResMed)
General Interface-related | PREDICT'® | AutoCPAP 12 mo 33/140 N/A N/A N/A
issues B (S9 Autoset, (23.6)
ResMed)

Abbreviations: AutoCPAP = autotitrating CPAP device, CI = confidence interval, CPAP = continuous positive airway pressure (device), N/A = not applicable (adverse event
specific to CPAP use), NR = not reported.

A E.g., dry mouth, runny or stuffy nose, sinus problems, nose bleeds.
B E.g., claustrophobia, dislike of mask, leaking air, red/watery eyes, sore skin, pressure uncomfortable.
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FDA MAUDE Database

To supplement evidence on adverse events reported in eligible studies, we searched the FDA
Manufacturer and User Facility Device Experience (MAUDE) database for reports of adverse

29 <¢

events related to CPAP device use. We queried using the terms “sleep apnea”, “continuous
positive airway pressure” and “CPAP” limiting results to January 1, 2009 through March 1,
2020. Of 854 records found, we identified 93 that reported adverse events during CPAP use. All
were described as case reports.

We categorized reported events into 10 groups, listed in descending order of number of
relevant records:

1.

LRI

10.

Oral and dental health: dry mouth, loose teeth, displaced denture, shifting of teeth,
bridge loss, tooth decay, receding gums, tooth loss.

a. These adverse events were noted to possibly be due to inadequate

humidification in the oral cavity.

Respiratory system: sore throat, closed up throat, respiratory distress, difficulty in
breathing, bronchitis (in the absence of humidification), pneumothorax, dyspnea,
hypercapnia.
Otolaryngology: pain, ruptured eardrum, perforated nasal septum, burning in nostrils,
damaged sense of smell, nasal abscess, throat infection.
Bad odor (including device malfunctions): soot emissions, headaches (due to odor),
smoke in mask, noxious fumes.
Allergies and rashes: redness around the mask, allergies to neoprene, contact
dermatitis, skin abrasions.
Burns (due to device or accessory malfunction): heated tubing.
Eye health: ulcers in the eye, vision loss, drying and inflammation of the eye.
Aspiration: Aspirated vomit.
Aerophagia: Compressed air in the stomach and bowel leading to bloody emesis and
distended stomach.
Miscellaneous: Examples include fatigue, joint pains, paralysis on the right side of the
face.

Within the case reports, the most frequent postulated reasons for the above events included
inadequate humidification, user errors, or device malfunction. In the 854 records, there were 144
reported deaths but none was attributed to CPAP device use.
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Key Questions 1b and 2: Intermediate and Surrogate
Measures

Key Points

e No study has evaluated whether change in AHI, ESS, or other sleep and breathing
measures are valid intermediate or surrogate measures for long-term outcomes. We did
not assess the validity of single measurements of breathing or sleepiness measures (e.g.,
measured pretreatment) as predictors of outcomes or treatment effect.

e No study explicitly evaluated surrogacy or mediation analyses of the measures.

e None of the clinical event outcomes was reported by a sufficient number of studies that
also reported change in breathing measure to allow adequate cross-study evaluation of
concordance.

e Among 15 eligible studies that reported both changes in breathing or sleepiness measures
(intermediate or surrogate outcomes) and effects on health outcomes in two or more
comparable groups of study participants, none explicitly evaluated surrogacy or
mediation analyses of intermediate measures. Across-study analyses did not find
evidence of possible correlations; all such correlations were highly nonsignificant.

e Most comparisons between change in a given breathing measure and health outcome
were informed by only one study.

Fifteen studies met eligibility criteria regarding the correlation between changes in potential
intermediate or surrogate measures (AHI, ODI, ESS) and health outcomes in adults with OSA.
Eleven studies evaluated changes in AHI, four studies evaluated changes in ODI, and 12 studies
evaluated changes in sleepiness scores (i.e., ESS). No study evaluated changes in other potential
intermediate or surrogate measures including apnea index, respiratory disturbance index, or
respiratory event-related arousals.

Eligible studies had to compare two or more groups (interventions) and report changes in
breathing measures and/or ESS over time, as well as health outcomes.

We found no study that formally validated changes in breathing measures as intermediate or
surrogate outcomes for health outcomes. No study reported within-study participant-level
correlation analyses between intermediate or surrogate outcomes and health outcomes.

Consistent with the findings described above in the Definitions of Breathing Measures Used
Across Studies section, there was a high degree of inconsistency in the criteria used to define the
sleep study measures and multiple instances of incomplete reporting of definitions and criteria.

Among the 11 studies that evaluated changes in AHI, sleep studies were conducted in the
laboratory (only) in three studies, in either the lab or at home in four studies, at home (only) in
two studies, and not reported in two studies. Eight of the studies cited AASM criteria (1 1997, 2
1999, 2 2007, 2 2012, 1 no date), one study cited the American Thoracic Society Statement from
1994, and one cited the Spanish Sleep Network from 2011. Apnea thresholds were defined as 90
percent in two studies, 100 percent in two studies, and not reported in the other studies.
Hypopnea thresholds were defined as 50 percent in three studies, “30 to 90” percent in one study,
and not reported in the other studies. Additional oxygen desaturation criteria for hypopnea was
set at 3 percent in three studies, 4 percent in two studies, and not reported in the others.

Among the four studies that evaluated changes in ODI, sleep studies were conducted in the
laboratory (only) in one study, in either the lab or at home in two studies, at home (only) in one
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study. Three of the studies cited AASM criteria (1999, 2007, and 2012), and one cited the
Spanish Sleep Network from 2011. Oxygen desaturation criteria was set at 3 percent in one
study, 4 percent in another study, and not reported in the other two studies.

Correlation of Changes in Intermediate or Surrogate Measures
With Health Outcomes

From the 15 eligible studies, we extracted 50 sets of breathing measure and health outcome
pairs. Evaluated breathing measures (intermediate or surrogate outcomes) included AHI (41
comparisons in 11 studies) and ODI (9 comparisons in 4 studies). Studies commonly reported
multiple health outcomes and/or multiple breathing measures. However, most comparisons
between a given breathing measure and health outcome were informed by only a single study
(Appendix Table D-2). We describe the rare instances of reports of both intermediate or
surrogate measures and clinical event outcomes, but otherwise describe only those breathing
measure—(continuous) outcome pairs for which there were at least three comparisons that
allowed metaregression analysis across studies.

Notably, none of the clinical event outcomes (e.g., mortality, stroke) was reported by a
sufficient number of studies that also reported change in breathing measure to allow cross-study
evaluation of concordance.

Change in Intermediate or Surrogate Measures and Health Outcomes

Only three RCTs reported changes in breathing or sleepiness measures in both randomized
groups and reported clinical event outcomes (Table 24). As noted, none reported a patient-level
correlation between measures and health outcomes. None of the trials used the same method to
estimate AHI, ODI, or other sleep study measures in both randomized groups (the CPAP and the
no CPAP groups).

In the SAVE trial,'? at enrollment, patients, ODI was estimated from a two-channel
(oximetry and nasal pressure) home device, but apneas and hypopneas (and thus AHI) were
measured only with the nasal pressure channel. The definition of AHI was not reported. Enrolled
participants had mean AHI of 29.0 (SD 15.9) in the CPAP group (n = 1346) and 29.6 (SD 16.4)
in the no CPAP group (n = 1341). During the trial, AHI was measured in a different manner, by
the CPAP device itself, at home while in use. It is unclear whether the definitions of AHI used at
enrollment and during the study differed. Over the duration of the trial (mean 44 months), the
mean AHI among 1299 participants using the CPAP device was 3.7 (SD 4.3) with a median AHI
of 2.5 (IQR 1.8 to 4.1). Followup AHI was not measured in the no CPAP group. Thus, strictly
speaking, no patient-level or study-level assessment can be made to assess the validity of change
in AHI as a surrogate or intermediate measure of risk of health outcomes. However, under the
assumption that AHI did not change substantially among those not using CPAP, it can be noted
that the large decrease in AHI with CPAP use (despite problems with the assessment of AHI) did
not correspond to the relatively small, nonsignificant effects on their primary outcome
(composite CV events), all-cause mortality, or other clinical events. The SAVE trial also
reported change in ESS, which similarly favored CPAP (net change —2.5, 95% CI —2.8 to —2.2)
but also did not correspond with the lack of significant effect on clinical events. However, no
patient-level correlation analysis was conducted between change in ESS and clinical event risk.

Corral 2017 randomized OSA patients to home versus laboratory testing followed by CPAP
in all patients (the study was designed as an equivalence study and was not a comparison of
CPAP, per se).'%> The study measured AHI among those who had laboratory sleep tests; both
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apnea and hypopnea definitions used a 10 second threshold and hypopnea was defined as ODI
>3 percent or arousal. For those receiving home sleep studies, the definition of AHI did not
include arousals. In addition, the home recorded sleep time is higher than the laboratory value.
Therefore, home AHI measures may have systematically been less than laboratory AHI
measures. This was borne out by pre-CPAP measures: median home AHI was 20.9, while
laboratory AHI was 28.5; statistical significance is not reported. Potentially, thus, participants in
the home sleep study group may have been less likely to have been prescribed CPAP (since their
measures of AHI were lower). Although the definitions of AHI differed in the two groups, AHI
was substantial reduced with CPAP to a median of 3.7 for the home sleep study group and 4.6
for the laboratory group. The difference was nonsignificant (P = 0.54). The annualized composite
CV event incidence rate was also similar between groups (6.4 [SD 30.7] vs. 7.3 [32.7] events per
100 patients per year; P = 0.77) as were work and traffic accidents at 6 months (8.7% vs. 7.1%;
P =0.68). No analyses or conclusions could be drawn about possible correlation between change
in AHI (not to mention any given definition of AHI) and long-term health outcomes. As shown

in Table 24, there was also no evidence suggesting a correlation between ESS and health

outcomes.

The PREDICT trial reported change in ESS, which was significantly improved in the CPAP
group (—4.2 [SD 4.1] compared with the no CPAP group (-2.1 [SD 3.6]; Table 24).!% While the
risk of composite CV events favored CPAP prescription in direction, the effect size was
nonsignificant (HR 0.87, 95% CI 0.40 to 1.88). The study did not report an analysis of
correlation between change in ESS and risk of composite CV event.

Table 24. Trials reporting both changes in intermediate measures and health

outcome effect sizes

Study, PMID Followup Arm Measure | Estimated Net Event Relative Difference
Interval Difference (95% CI) (95% CI)
Corral 2017, 6 mo Home vs. ESS 0.7 (-0.2, 1.6) Accident 1.1% (-3.7, 5.7)
28636405'% lab sleep Favor (NS) lab sleep Favor (NS) lab sleep
study study study
AHI A 1.4 (-1.2,4.0) CV incidence -0.9% (-6.9, 5.1)
Favor (NS) lab sleep Favor home sleep
study study
PREDICT, 1yr CPAP vs. ESS -2.1(-3.0,-1.2) Composite CV HR 0.87 (0.40, 1.88)
25172769'% no CPAP Favor CPAP events ® Favor (NS) CPAP
SAVE, 3.7yr CPAP vs. ESS -2.5(-2.8,-2.2) Composite CV HR 1.10 (0.91, 1.32)
27571048 (mean) no CPAP Favor CPAP events © Favor (NS) no CPAP
AHI P -25.3 (-24.1, -22.2), Composite CV HR 1.10 (0.91, 1.32)
CPAP group events © Favor (NS) no CPAP

Abbreviations: CI = confidence interval, CPAP = continuous positive airway pressure, NS = not statistically significant, PMID =
PubMed Identifier, PREDICT = trial with undefined acronym, SAVE = Sleep Apnea cardioVascular Endpoints trial.

A Measured differently in two groups. See text.

B Specific event outcomes were rare and effect estimates were imprecise.
€ Primary outcome. Other event outcomes also statistically nonsignificant.
D Reported only among those using CPAP, while using CPAP. Measured differently at enrollment and during CPAP use. See

text.

Change in Breathing Measures and Quality of Life

AHI and SF-36 Physical Component Summary
Four studies reported data on changes in AHI and the SF-36 Physical Component Summary
score (Figure 15A),134 160.165.166 Note that, as described in the Quality of Life and Functional
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Outcomes section of Key Question 1, the outcome measure has not been validated in patients
with sleep apnea.

Across studies there was a moderate “positive” correlation (correlation coefficient = 0.40),
consistent with larger improvements (reductions) in AHI correlating with larger improvements
(increases) in SF-36 score. However, the correlation was not statistically significant (P = 0.75).

There were three studies that found a “positive” correlation (in the northwest or southeast
quadrants of the figure) and one study that found a “negative” correlation (in the northeast or
southwest quadrants); the difference between “positive” and “negative” correlations was not
significant (P = 0.63, by exact binomial test).

AHI and SF-36 Mental Component Summary

The same four studies reported data on changes in AHI and the SF-36 Mental Component
Summary score (Figure 15B).!34 160.165.166 Note that the outcome measure has not been validated
in patients with sleep apnea. Across studies there was a moderate “negative” correlation
(correlation coefficient = 0.40), consistent with larger improvements (reductions) in AHI
correlating with larger worsening (decreases) in SF-36 score. However, the correlation was not
statistically significant (P = 0.75). The number of studies with “positive” and “negative”
correlations (2 vs. 2) were the same (P = 1.00).

Change in Breathing Measures and Functional Status

AHI and FOSQ

Eight studies reported data to allow a comparison between changes in AHI and the FOSQ
measure of functional status (Figure 15C).!04 154 161,162,165, 167. 168 Note that FOSQ has been
validated against other QoL measures in CPAP-treated patients with OSA.%® Studies tended to be
centered around the null for both AHI and FOSQ (finding small and/or nonsignificant net
changes in both AHI or FOSQ scores). Across studies, there was a moderate “negative”
correlation (correlation coefficient = 0.50), consistent with larger improvements (reductions) in
AHI correlating with larger worsening (decreases) in FOSQ score. However, the correlation was
not statistically significant (P = 0.22). One study found a “positive” correlation and seven studies
found a “negative” correlation; the difference between “positive” and “negative” correlations
was near statistically significant (P = 0.070).

ODI and FOSQ

Three studies reported data on ODI and FOSQ (Figure 15D).!61- 165167 Across studies there
was a very strong ‘“negative” correlation (correlation coefficient = 0.87), consistent with larger
improvements (reductions) in ODI correlating with larger worsening (decreases) in FOSQ.
However, the correlation was not statistically significant (P = 0.33). The number of studies with
“positive” and “negative” correlations (0 vs. 3) did not significantly differ (P = 0.25).
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Figure 15. Correlation between changes in breathing measures and health
outcomes
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Correlation figures between net changes (between groups) of breathing measures versus (continuous) health outcomes. Northwest
and southeast quadrants represent improvements (reductions) in breathing measures correlating with improvements in health
outcome measures.

Abbreviations: p = correlation value, AHI = apnea-hypopnea index, FOSQ = Functional Outcomes of Sleep Questionnaire, ODI
= oxygen desaturation index, P = P-value (statistical significance), SF = Short Form, SMD = standardized mean difference.

Correlation of Changes in Sleepiness Measures With Health

Outcomes

From the 12 eligible studies, we extracted 85 sets of ESS measurements and health outcome
pairs. Studies commonly reported multiple health outcomes. However, most comparisons
between a given breathing measure and health outcome were informed by only one study
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(Appendix Table D-2). Here we describe only those ESS—outcome pairs for which there were at
least three comparisons that allowed regression analysis across studies. Notably, none of the
clinical event outcomes (e.g., stroke) was reported by a sufficient number of studies that also
reported change in ESS to allow cross-study evaluation of concordance.

Change in ESS and Mental Health

ESS and HADS Depression Score

Three studies reported data on changes in ESS and the HADS depression score (Figure
16A).12 19154 The deficiencies of the HADS depression scores, in terms of its validity and
interpretation, have been addressed in the Mental Health section, above, for CPAP versus no
CPAP.

Across studies there was a moderate “positive” correlation (correlation coefficient = —0.50),
consistent with larger improvements (reductions) in ESS correlating with larger improvements
(decreases) in the HADS score. However, the correlation was not statistically significant (P =
1.00). The number of studies with positive and negative correlations (3 vs. 0) did not
significantly differ (P = 0.25).

ESS and HADS Anxiety Score

The same three studies reported data on changes in ESS and the HADS anxiety score (Figure
16B).!% 19134 The same caveats apply as for the depression scores.

Across studies there was a moderate “positive” correlation (correlation coefficient = —0.50),
consistent with larger improvements (reductions) in ESS correlating with larger improvements
(decreases) in the HADS score. However, the correlation was not statistically significant (P =
1.00). The number of studies with “positive” and “negative” correlations (3 vs. 0) did not
significantly differ (P = 0.25).

Change in ESS and Quality of Life

ESS and SF-36 Physical Component Summary

Six studies reported data on changes in ESS and the SF-36 Physical Component Summary
score (Figure 16C).!2 101, 154,160, 165,166 A crogs studies there was a strong “positive” correlation
(correlation coefficient = —0.60), consistent with larger improvements (reductions) in ESS
correlating with larger improvements (increases) in the SF-36 score. However, the correlation
was not statistically significant (P = 0.24). The number of studies with “positive” and “negative”
correlations (5 vs. 1) did not significantly differ (P = 0.22).

ESS and SF-36 Mental Component Summary

The same six studies reported data on changes in ESS and the SF-36 Mental Component
Summary score (Figure 16D).!% 101, 134,160, 165,166 A crogq studies there was a moderate “negative”
correlation (correlation coefficient = 0.77), consistent with larger improvements (reductions) in
ESS correlating with larger worsening (decreases) in the SF-36 score. However, the correlation
was not statistically significant (P = 0.10). The number of studies with “positive” and “negative”
correlations (3 vs. 3) were the same (P = 1.00).
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Change in ESS and Functional Status
ESS and FOSQ

Five studies reported data on changes in ESS and the FOSQ score (Figure 16E).!% 154 161,162,
165 Across studies there was a moderate “positive” correlation (correlation coefficient = —0.40),
consistent with larger improvements (reductions) in ESS correlating with larger improvements
(increases) in the FOSQ score. However, the correlation was not statistically significant (P =
0.52). The number of studies with “positive” and “negative” correlations (4 vs. 1) did not
significantly differ (P = 0.38).

Figure 16. Correlation between changes in sleepiness scores and health
outcomes
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measures.
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Abbreviations: p = correlation value, FOSQ = Functional Outcomes of Sleep Questionnaire, HADS = Hospital Anxiety and
Depression Score, Mental = Mental Component Score, P = P-value (statistical significance), Physical = Physical Component
Score, SF = Short Form, SMD = standardized mean difference.

Summary of Evidence Regarding Correlation of Changes in
Intermediate or Surrogate Measures With Health Outcomes

Overall, the evidence base neither supports nor refutes whether changes in commonly used
measures (AHI, ODI, ESS) are valid intermediate or surrogate measures for long-term health
outcomes. We did not assess the validity of single measurements of breathing or sleepiness
measures (e.g., measured pretreatment) as predictors of outcomes or treatment effect.

No studies that compared different groups of patients being treated for OSA evaluated
within-study participant-level correlation analyses between changes in any potential intermediate
or surrogate measure and any long-term health outcome of interest. Thus, no conclusions can be
made regarding whether any measures may be actual intermediate or surrogate outcomes for
health outcomes.

Only three trials (two of which, SAVE and PREDICT, compared CPAP and no CPAP)
reported both changes in potential intermediate or surrogate measures (AHI and ESS) and effect
sizes of clinical event outcomes (composite CV events and others). The two CPAP versus no
CPAP trials found clinically and statistically significant improvements in ESS (reduction >2)'¢°
but not concomitant reductions in risk of composite CV events. Consistent with numerous RCTs
that evaluated AHI,'! incidentally, the SAVE trial found that CPAP reduced AHI by a large
degree (—25.3), but yielded nonsignificant effects on composite CV events, mortality, and other
clinical events. However, none of these findings provide sufficient information as to whether or
not AHI or ESS are valid surrogate or intermediate measures for health outcomes.

Meta-regression correlation analyses failed to indicate possible correlations between
breathing measures (AHI, etc.) on the one side and psychometric outcome measures (SF-36, etc.)
on the other. All such correlations were highly nonsignificant (and even more so had we
accounted for multiple testing). Too few studies reported changes in sleepiness measures (ESS)
and clinical event outcomes (composite CV events, accidents) to allow correlation analysis. Any
correlations we might have found would have been hypothesis-generating only, due to the
possibility of ecological fallacy (erroneous conclusions based on applying group-level
correlations to individuals within the groups).

Ideal Study Design to Establish Validity of Mediator (Intermediate)
and Surrogate Measures

To assist with the discussion below, we first provide definitions of terms. A surrogate
outcome is a factor or variable that is correlated with another outcome. By assessing how a
surrogate outcome is affected by treatment, we can infer how the treatment affects a different
outcome. Surrogate outcomes are commonly measured as substitutes for clinical endpoints (that
are typically more difficult or time consuming to measure). Notably, there is no assumption that
the surrogate outcome is in the causal pathway for the primary outcome; a change in the
surrogate measure does not cause a change in the primary outcome. For example, reduction of
fever may be a valid surrogate measure for the effect of an antibiotic to treat pneumonia but is
not plausibly in the pathway for how antibiotics cure pneumonia.

A mediator (also called intermediate factor) is a factor or variable in a causal pathway
between treatment and outcome through which the effect of the treatment on outcome is, partly
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or fully, exhibited.!”® !"! If the effect of a treatment on a measure (such as blood pressure)
directly impacts the outcome (e.g., stroke), then the measure can be considered to be a mediator.
Notably, the effect on the mediator need not be the only way in which an intervention impacts
the primary outcome. For example, while cholesterol levels may (or may not) be a mediator for
statin’s effect on risk of myocardial infarction, the statins effects on anti-inflammatory milieu
may also play a role. Understanding mediators that exist in a causal pathway can explain how a
given treatment affects the outcome.

We note that no eligible studies conducted mediation or surrogacy analyses.

Mediation Analyses

The effects of CPAP on health outcomes may be mediated through a variety of mechanisms
involving multiple pathways to explain any observed treatment effects. As an example, the
(putative) major pathway of clinical relevance is illustrated in Figure 17. The overall (total)
effect of CPAP on a particular outcome (e.g., stroke) is decomposed into a direct effect and an
indirect effect which is mediated through the effect of CPAP on mediating outcomes (e.g., AHI).

Demonstrating the validity of such mechanisms of action is important because it can
determine the pathways through which CPAP leads to improved health outcomes, point to
pathophysiological mechanisms, and indicate new targets for intervention.

Various study design and analytical approaches exist to answer questions of whether
intermediate outcomes are mediators of effect. One simple approach involves estimating the
association between CPAP and the outcome both with and without controlling for AHI (e.g., by
means of a regression model).!”* 73 The magnitude of the difference in the CPAP effect when
controlling versus not controlling for AHI indicates the fraction of the effect mediated by (or
operated through) AHI. For example, if the unadjusted OR for all-cause mortality with CPAP is
0.87 and the OR after adjusting for change in AHI is 0.93, then it can be estimated that 54
percent of the effect of CPAP is mediated by change in AHI: (1-0.93)/(1-0.87) = 0.54.

In recent years, methodological advances have cast mediation analysis within the potential
outcomes framework.!7% 171 174175 Within this framework, the following effects are estimated:

1. Natural direct effect (NDE): the difference in outcome (e.g., mortality) if all patients
were assigned to the test intervention (e.g., CPAP) versus if all patients were assigned
to the control intervention (e.g., no CPAP), with the putative mediator outcome (e.g.,
AHI) held constant for each patient and equal to the outcome value that this patient
would have if they were assigned to the control intervention, and

2. Natural indirect effect (NIE): the change in mortality risk if a patient received the
intervention and the mediator outcome level changed from its value under the control
intervention to its value under the test intervention.

Accordingly, the proportion mediated through AHI is (NDE X (NIE — 1))/(NDE X NIE — 1).

Estimation of the above effects requires either randomized trials or well-designed
observational studies that carefully apply the assumptions required for the implementation of the
potential outcomes framework. However, as we noted, the available evidence was not adequate
to answer the mediation questions of interest. In particular, no studies performed a formal
mediation analysis by estimating the effects mentioned above.

Surrogacy Analyses

A related question to mediation is that of surrogacy: whether AHI (or other related measures)
can be considered a valid endpoint to be measured instead of clinically important outcomes.

128



AHI, for example, would be a valid surrogate outcome in CPAP trials if and only if CPAP has an
effect on both AHI and the health outcome. It would not be necessary for AHI to be a mediator
of the health outcome, as long as the change in AHI tracks with, and therefore predicts, the effect
of CPAP on the health outcome. It is important to note that while an intermediate measure may
be a valid surrogate measure for some conditions, specific populations, and outcomes, this would
not imply that it is a valid surrogate measure in all instances. Thus, if AHI is found to be a valid
surrogate outcome for CHF in patients with very severe OSA (e.g., AHI >45) being treated with
CPAP, this would not imply that it is necessarily valid as a surrogate measure for MI in patients
with mild OSA (e.g., AHI 10 with sleepiness symptoms) being treated with MAD.

Statistically, surrogacy can be evaluated using principal stratification as well as the meta-
analytic approach that we implemented in this review. Principal stratification is an approach to
evaluate surrogacy that relies of effect estimation for four strata (called “principal strata”)
defined by the combination of high and low values of the surrogate measure (or other
stratification) under treatment assignment to both the intervention and no intervention (or other
comparison) groups.!’® In the example relevant to this review, AHI values are stratified (e.g. high
AHI, low AHI) under CPAP and no CPAP treatment assignments. The direct and indirect effects
of CPAP on the outcome can be estimated by stratifying on the mediator group (low or high AHI
values). However, for principal stratification to be efficiently used, the associations of CPAP
with both the outcome and AHI need to be reported in the same sample of participants (along
with sufficient data on standard errors or other uncertainty measures), a practice that was not
common across the studies that we identified.

Figure 17. Mediation graph
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Directed acyclic graph (DAG) of mediation of a breathing measure on a health outcome. The direct effect of treatment is
represented by the solid black line and arrow from A4 to Y without passing through a mediator M. Indirect effects are represented
by the black dashed lines and arrows from 4 to M and then to Y. The gray dashed lines represent potential confounders C/ to C3.

Abbreviations: AHI = apnea-hypopnea index, CPAP = continuous positive airway pressure.
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Discussion

Findings in Relation to the Decisional Dilemma(s)

The primary clinical question addressed by this systematic review about the effectiveness of
continuous positive airway pressure (CPAP) devices on long-term clinically important outcomes
in patients with obstructive sleep apnea (OSA) remains largely unanswered. Much of the
evidence base is sparse. The randomized controlled trials (RCTs) did not provide statistically
significant and clinically meaningful results that could establish a causal relationship. The
nonrandomized comparative studies (NRCSs) provided some significant associations between
CPAP use and decreased risk of clinical outcomes, particularly for all-cause mortality, but are
only suggestive of a possible benefit of CPAP use. Despite at least fair methodological quality of
many of the studies, the estimates of comparative effectiveness were largely imprecise. Thus,
there is at best low strength of evidence (SoE), mostly of no evidence of a long-term effect of
CPAP on clinical outcomes. If one also considers the adjusted NRCS evidence, there is, at best,
low SoE that CPAP use may be associated with a decreased risk of all-cause mortality. The low
SoE suggests that we have limited confidence that the estimate of effect lies close to the true
effect for this outcome. Additional evidence is needed before concluding either that the findings
are stable or that the estimate of effect is close to the true effect.”?’

Definitions of Breathing Measures Findings

Across all studies included in this systematic review, the criteria used to define sleep study
measures (apnea, hypopnea, and oxygen desaturation) were highly inconsistent, even among
studies stating that definitions are based on the same standard criteria. A major part of the
problem is inadequate reporting of specific criteria used. Most studies (60%) did not fully and
explicitly report the definitions of sleep study measures used. Even among those that did report
definitions, it was often difficult to discern the actual criteria used. One issue is that, while many
studies cited specific American Academy of Sleep Medicine (AASM) criteria (based on update
year), those that cited the same specific AASM criteria did not universally apply the same actual
criteria. For example, among the eight studies that cited the ASSM 1999 criteria, three explicitly
defined apnea as 100 percent airflow cessation and two used a 90 percent threshold (3 did not
report an apnea definition). Among the six studies that cited the AASM 1997 criteria, three each
used either a 3 percent or a 4 percent threshold to define oxygen desaturation. However, it was
generally unclear whether authors were citing the AASM (or other criteria) as the source for the
set of criteria used or to cite a specific criterion (e.g., only hypopnea), which further complicated
interpretation of how apnea-hypopnea index (AHI) or other sleep measures were defined and
how patients were, thus, selected for inclusion in the study. We could not discern the extent to
which the variability was due to flexibility (or lack of clarity) of the often-changing AASM (and
other) criteria, to possible misinterpretations of the AASM criteria, to deliberate alterations in the
standard criteria (e.g., to accommodate local practices), or simply to incomplete reporting of
study methodology. Nevertheless, for most studies, it would be very difficult for an outside
researcher or clinician to replicate how AHI or oxygen desaturation index (ODI), among other
various parameters, were defined and/or to determine which patients would be eligible for study
inclusion.
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CPAP Versus No CPAP Findings

All conclusions regarding the relative effect of CPAP versus no CPAP on clinically
important outcomes are at best of low SoE. We have limited confidence that the summary
estimates (and their confidence intervals) are close to the true effect or that the findings are
stable. Because of this uncertainty, future, good quality evidence could alter these conclusions.

The currently available RCTs do not demonstrate that CPAP treatment affects all-cause
mortality or various cardiovascular (CV) outcomes, clinically important changes in psychosocial
measures, or other clinically important outcomes. However, these conclusions do not definitively
determine or imply that CPAP has been proven to be ineffective to reduce adverse health
outcomes. It is unclear whether the failure to find an effect of CPAP treatment on long-term
health outcomes is related to a lack of power, the result of insufficient followup duration, or due
to an actual lack of effect of CPAP. Notably, only two of the eligible RCTs were adequately
powered for a composite CV outcome, and none were powered for other CV or mortality
outcomes.

Regarding all-cause mortality, while most of the RCTs appeared to favor CPAP prescription
in direction, all were statistically nonsignificant. The summary effect size, by meta-analysis, was
somewhat imprecise failing to support an effect of CPAP. Despite inclusion of mostly high-risk
patients (related to CV disease) with at least moderately severe OSA (e.g., AHI >15), the RCTs
had low event rates. These event rates may have been related to relatively short duration of
followup (2 to about 5 years), the frequent exclusion of patients with excessive daytime
sleepiness, and the levels of CPAP adherence (38% to 64% of participants). Within RCTs, no
significant differences were found between intention-to-treat (ITT) analyses of all participants
and analyses of adherent users. The numbers need to treat (NNT) or harm (NNH) suggested by
RCTs ranged from an NNT of 47 to an NNH of 70. In the SAVE (Sleep Apnea cardioVascular
Endpoints) study, the largest RCT reporting all-cause mortality, the NNT was 426, with a 95
percent confidence interval ranging from one prevented death per 65 treated individuals to one
additional death per 93 treated individuals. However, since determination of NNT to prevent one
death is dependent on a specific, specified underlying risk of death, estimates of NNT are not
generalizable beyond each individual study.

In contrast, the NRCSs all found statistically significant associations between CPAP
(prescription or use) and reduced risk of all-cause death, with mostly stronger effect sizes than
the RCTs. The NRCSs were generally longer in duration than the RCTs (3 to 11 years) with
mostly higher event rates. They also mostly included all patients with at least moderately severe
OSA, regardless of sleepiness symptoms. However, the NRCSs were mostly at high risk of bias
related to conducting simple, often incomplete, regression analyses. Even for the two NRCSs
that conducted propensity score matching, it was not clear the studies could adequately adjust for
the inherent, underlying differences among patients who choose to start and be adherent to CPAP
and those who do not. The extent to which reporting bias affects the summary findings,
particularly among studies without a priori protocols, is unclear.

The exploratory combinations of RCTs and NRCSs suggest that CPAP may reduce the risk
of, or may be associated with a reduced risk of, all-cause mortality, but did not change
conclusions about a lack of evidence of an effect on other outcomes. Even though we restricted
our analyses to NRCSs that were adjusted for potential confounders (with in some cases
propensity score-matched analyses), the NRCSs reported associations between CPAP use and
outcomes, not causal evidence of effects. Such associations may support RCT evidence, but do
not provide the basis for evidence of effect per se.
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An important concern about the NRCSs is that their comparator groups were non-users of
CPAP, who either chose not to use CPAP or whose clinicians did not prescribe CPAP. Thus, the
groups of CPAP users (especially adherent CPAP users) and non-users may be fundamentally
different in ways that adjustment for measurable confounders cannot fully account for.
Furthermore, the associated differences in precision of estimates of association between CPAP
use and outcomes may explain the difference in statistical significance between all-cause
mortality and other CV outcomes (including CV death). The single NRCS that analyzed
revascularization found a strong, significant association with lower risk of surgery and the
studies reporting composite CV outcomes mostly found associations favoring CPAP use (even
though, cumulatively, they did not provide adequate evidence to support a difference in
outcomes between CPAP and no CPAP).

While the NRCSs lend support for a possible association between CPAP use and all-cause
mortality, the RCTs and NRCSs do not support that CPAP reduces the specific causes of death
that might be ascribable to OSA (e.g., CV events, accidents). While there is no clear explanation
for this possible discrepancy, the eligible NRCSs reported on few CV outcomes (only CV death,
coronary artery revascularization, and composite CV outcomes). Notably, more than 10-times as
many adults with OSA were included in studies reporting all-cause mortality than for other CV
outcomes. It is possible that the current evidence base does not reveal differences in risk of
specific outcomes with CPAP use that actually exist. Furthermore, these (not statistically
significant) differences in risk of specific outcomes may be additive or multiplicative such that
cumulatively they have a discernable effect on risk of all-cause mortality. Alternatively, the
conclusions regarding specific CV outcomes may be accurate (i.e., no effect) and the low SoE
finding of an effect on all-cause mortality may be spurious.

Of note, it has been postulated that adherence as measured by hours of utilization per night or
as CPAP termination rates may impact CPAP outcome results. In a recent large insurance cohort
study, the termination rates were 23, 37 and 48 percent at 1, 2, and 3 years, respectively.!”” In
this Technology Assessment, among RCTs that reported data, adherence rates ranged from 35 to
64 percent, without clear explanation for the variation across studies. For most categorical
outcomes (including all-cause mortality, composite CV events, other CV outcomes, incident
hypertension, incident diabetes), effect sizes appear to be somewhat stronger in the CPAP
adherent user analyses than the ITT or “as-prescribed” analyses (of all who were prescribed
CPAP), but almost universally the differences between analyses were not statistically significant
(both within and across studies) and the differences were generally small. It is unclear whether
the lack of significant differences between adherent user and intention-to-treat analyses is due to
a lack of power to indicate a difference in effect or whether the use of CPAP has any real
measurable effect on the occurrence of CV events. However, such comparisons between ITT (or,
in NRCSs, “as-prescribed” analyses) and adherent user analyses, are complicated by the fact that
patients who are adherent have different characteristics than those who are nonadherent (or stop
using CPAP). Adherence is not a random event. Poor adherence may be due to remediable or
non-remediable reasons. In the large insurance cohort, early termination was more likely in those
who were younger (under 41 years) and older (over 81 years) and if there was at least one
comorbidity, especially diabetes.!”” How well CPAP works for immediate symptom relief (e.g.,
sleepiness, snoring) may be a more important determinant of adherence than possible effects on
long-term health outcomes. This may explain why some analyses suggested that patients with
worse baseline AHI or Epworth Sleepiness Scale (ESS) scores were more adherent.!!
Conversely, patients may not adhere with CPAP use due to factors such as claustrophobia, mask

132



discomfort, convenience, vanity, and complexity of management of multiple chronic
conditions.!! It is also unclear to what extent diligence with adherence may correlate with other
health practices such as tobacco use, attempts at weight loss, exercise, other patient
characteristics (such as age, psychosocial factors), device features (such as-use of heated
humidification), and others.!”” 178 It is likely that the NRCSs and adherent user analyses were not
able to fully control for the inherent differences between CPAP users and non-users/non-
adherent individuals. Overall, we believe it is likely that studies comparing CPAP use
(adherence) with nonuse (nonadherence) may be biased toward increased effectiveness of CPAP.

Notably, the within-study comparisons based on adherence were all post hoc analyses, and
the between-study comparisons should be considered only hypothesis-generating. If there is, in
fact, no difference in effect between adherent and nonadherent CPAP users, this may suggest that
either any benefit seen with CPAP use is not due to CPAP itself, but is due to some other
behavior or action by CPAP users (maybe such as increased communication with the sleep
clinic) or that even the “low dose” of CPAP achieved by nonadherent users is effective.
However, such explanations are just conjecture and would need to be explored critically.

Regarding non-CV outcomes, the RCTs provide low SoE that CPAP improves measures of
depression and anxiety symptoms, executive cognitive function, and quality of life, but,
importantly, these changes are small and not clinically significant. Four trials evaluated the link
between CPAP adherence and the Mental Component Score of the Short Form (SF) 36 but had
conflicting findings. Furthermore, no studies evaluated health outcomes related to these
measures (e.g., diagnoses of depression, anxiety, or dementia) and none of these measures have
been adequately validated in the OSA population. Additionally, there is low SoE that CPAP has
no effect on risk of traffic accidents and incident diabetes. Relatively few NRCSs with
adjustment for confounding reported on non-CV health outcomes; thus, most conclusions were
unchanged when also considering the NRCSs.

For numerous health outcomes of interest, there is insufficient evidence, primarily because
only a single study evaluated a given outcome or because effect estimates were highly imprecise
(such that neither large benefits nor large harms could be excluded). These included risks of
transient ischemic attacks, angina, coronary artery (or other major artery) revascularization,
congestive heart failure, atrial fibrillation, hypertension (incident or resolution), sexual function,
and days of work missed.

Few studies evaluated potential subgroup differences and, across studies for any given
outcome, effect size estimates were either imprecise or were similar in magnitude with each
other (or both). Thus, the comparative study literature base (RCTs and adjusted NRCSs,
together) does not provide adequate evidence to suggest which patients may benefit most (or
least) from CPAP treatment. In particular, very few studies compared patients with different
levels of “severity” of OSA (based on, for example, baseline apnea-hypopnea index [AHI],
oxygen desaturation index [ODI], symptomatology [e.g., by Epworth Sleepiness Score (ESS)], or
by variable criteria to diagnose OSA [e.g., by AHI alone or also including comorbidities and
symptoms]). One NRCS (ONSLEEP) reported adjusted hazard ratios (HR) among different
subgroups by AHI,'*° but failed to report an appropriate analysis to support possible
heterogeneity of treatment effect. The HR for all-cause mortality was about half for participants
with AHI >30 compared with those with AHI 5 to 29 (implying a stronger effect in those with
higher AHI levels), but no interaction term was included to determine whether the HRs in the
two subgroups were statistically different. One RCT (APPLES) compared various measures of
cognitive function in subgroups of participants with mild (AHI 10 to 15), moderate (AHI 15.1 to
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30), and severe (AHI >30) OSA,’”*® but differences (CPAP vs. no CPAP) were similar among
subgroups. Another NRCS (Bjornsdottir 2015) reported similar net differences in quality of life
as measured by the Short Form 12 (SF-12) in subgroups based on sleepiness symptoms (ESS
>10 vs. <10).'2°

As was discussed in more detail above (Definitions of Breathing Measures), studies were
highly variable in specific criteria used both to define breathing events (apneas, hypopneas,
oxygen desaturations, and arousals) and to diagnose OSA (or to define eligibility for CPAP use).
Moreover, the majority of studies were insufficiently clear regarding specific criteria used.
Several studies also included a mix of criteria. Thus, it is impossible to look across studies and
discern any patterns regarding degree of clinical effect size of CPAP based on definitions of
breathing measures or criteria to prescribe CPAP. However, even if such criteria were more
clearly described across studies, it would still be the case that studies were generally statistically
similar in their findings; thus, any differences in effect across studies would be difficult to
evaluate. Thus, even for assessments of better-defined factors, such as duration of followup or
particular CPAP device, no conclusions regarding heterogeneity of treatment effect were feasible
across studies.

CPAP Versus Other Active Treatments Findings

Long-term health outcome data from RCTs or NRCSs with adjustment for confounding are
relatively sparse. Based on only two relatively small RCTs, there is low SoE of no statistically or
clinically significant differences between use of CPAP and mandibular advancement devices in
changes in depression or anxiety symptom scores, and insufficient evidence (based on a single
study each) regarding changes in quality of life or sexual function measures. Similarly, based on
three small studies, no differences were found in OSA-related functional status (by the
Functional Outcomes of Sleep Questionnaire [FOSQ], which may have limited validity), with
low SoE. Further conclusions regarding other health outcomes or potential heterogeneity of
treatment effect are not feasible, given the limited evidence base.

Intermediate and Surrogate Measures Findings

The large majority of screened RCTs did not meet eligibility criteria for this systematic
review primarily because they did not report on long-term clinically important health outcomes.
Instead, most reported on only (generally shorter-term) intermediate outcomes, including AHI,
ODI, or ESS. We, thus, sought to evaluate the evidence regarding whether changes in these (and
related) intermediate measures during the course of longitudinal studies are valid surrogate or
mediator outcomes for the long-term health outcomes. To qualify, the studies had to, at a
minimum, report sufficient data to analyze whether changes in intermediate measures correlated
with the health outcomes. We found no study that, itself, evaluated whether change in any
intermediate outcome may be a valid surrogate or mediator measure. We did not assess the
validity of single measurements of breathing or sleepiness measures (e.g., measured
pretreatment) as predictors of outcomes or treatment effect. In the Results section I/deal Study
Design to Establish Validity of Mediator (Intermediate) and Surrogate Measures we describe
what a future study would need to do to appropriately analyze their data.

Although we did not systematically review noncomparative analyses of possible intermediate
or surrogate measures and health outcomes (e.g., single group analyses), we note that in the
studies eligible for Key Question 1, AHI, ODI, and other breathing measures improved by
expected large values with CPAP use. However, these within-group effects on CPAP did not
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clearly translate to effects on health outcomes. For example, in the SAVE trial (although it is not
clear how changes in AHI were measured), AHI was reported to decrease from 29.0 prior to
CPAP to an average of 3.7 events per hour (when CPAP was being used) over the mean 3.7
years of followup on CPAP (among those randomized to the device).

Despite the large improvement in AHI in SAVE, CV events and other clinically important
health outcomes did not improve and, in fact, the HR for the study’s primary outcome
(composite CV events) nonsignificantly favored the no CPAP group (HR = 1.10, P = 0.34).
Similarly, studies reporting clinically significant reductions in ESS did not report significant
reductions in clinical event risk. However, as noted, these findings do not provide direct and
definitive evidence as to whether AHI (or ESS) are valid (or invalid) surrogate or intermediate
measures for health outcomes.

There is insufficient evidence to support alternative explanations. It may be that the lack of
apparent correlation relates to an issue of power (there are adequately powered analyses of large
effects on AHI and ESS, but inadequately powered, relatively smaller effects on health outcome
risk reduction). There may also be a threshold effect such that a minimum (large) improvement
in AHI or ESS is necessary to correspond with clinical event risk reduction. If only patients with
the largest reductions in AHI or ESS have concomitant risk reduction, then those patients with
smaller reductions may dilute the average effect sizes. It may be that changes in AHI (and ESS)
are not predictive of risk of clinical events. This may imply that CPAP is effective to reduce
episodes of apnea and hypopnea and may be effective to improve symptoms (as measured by
ESS), but these effects do not impact health outcomes.

Relatively few studies reported on both changes in (potential) intermediate/surrogate
measures (e.g., AHI, ESS) and on relative effects between groups (i.e., net differences in
continuous outcome measures or relative effect estimates of categorical outcomes) for the same
sets of long-term health outcomes. Correlation analysis by metaregression (i.e., correlation of
measures based on mean estimates across studies) is intrinsically of low power (numerous
datapoints, i.e., studies, are needed to achieve statistical significance). Thus, unsurprisingly, the
analyses across studies failed to find statistically significant correlations between intermediate /
surrogate measures and health outcomes. Furthermore, there was no evidence to determine the
relative “strength” of associations between AHI (or other breathing measures) and ESS (or other
symptom measures) and the health outcomes of interest. Thus, it remains unclear whether
changes in AHI (or other intermediate/surrogate outcomes) can be considered to be surrogate or
mediator measures for long-term health outcomes in studies of treatment effectiveness. Until
such validation has been conducted, it may be inappropriate to assume that changes (e.g.,
improvements) in intermediate or surrogate outcomes would correlate with long-term health
outcomes.

Other Recent Systematic Reviews

The AASM recently commissioned a broad systematic review of CPAP versus no CPAP or
other PAP treatments'” to support their clinical practice guideline.'*® They included a broader
range of studies and outcomes, including unadjusted observational studies, short-term outcomes,
and various intermediate and symptom measures. In brief, they found that CPAP reduces AHI
and improves sleepiness symptoms. In addition, the review found that CPAP improves (mostly
short-term) sleep-related, but not overall, quality of life, reduces (mostly short-term) blood
pressure (in patients with hypertension). But CPAP did not reduce (mostly short-term) blood
glucose (in patients with or without type 2 diabetes), improve neurocognitive function, or
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improve (short-term) anxiety or depression scores by clinically significant degrees. Their
findings were inconclusive regarding all-cause mortality and composite CV events. RCTs found
no effect and observational studies found variable, but, in aggregate, statistically significant
effects. The difference in effects between randomized and observational studies was ascribed to
average (not patient level) differences in CPAP adherence, but the review authors reported that
neither the RCTs nor the observational studies considered the impact of unadjusted confounding
from adherence to non-CPAP therapies for healthy lifestyle habits.!” CPAP did not affect crash
rates in driving simulation studies, but actual motor vehicle crashes were less common after start
of CPAP than before.

Older systematic reviews, including a 2006 Cochrane review!® of 36 RCTs (CPAP vs no
CPAP or oral devices) and a 2011 Agency for Health Care Research and Quality (AHRQ)
review!! of 56 RCTs (CPAP vs. no CPAP or oral devices) conducted by the current review’s
authors, included mostly studies with short-term follow-up. Both reviews found statistically
significant effects of CPAP on AHI, ESS, and blood pressure (although with some inconsistency
regarding effect on blood pressure); lack of consistent statistically significant effect on quality of
life or neurocognitive and psychological tests; and insufficient evidence on clinical events and
blood glucose.

Strengths and Limitations

Our conclusions about the effect of CPAP on health outcomes are restricted to the findings
about specific outcomes from the eligible studies; namely, studies conducting direct comparisons
between intervention options (RCTs and adjusted NRCSs only, including analyses of adherent
and nonadherent CPAP users) that reported long-term clinical events and certain test scores
(such as quality of life). We did not evaluate sleepiness, other symptoms, or intermediate
outcomes (including AHI, blood pressure, or glucose).

CPAP (Strengths and Limitations)

The evidence base examined in this systematic review is limited in its ability to establish the
long-term effects of CPAP treatment on health outcomes in patients with OSA. As noted, for
most health outcomes, an insufficient number of studies and/or an insufficient number of study
participants have been evaluated to allow for precise estimates of effects (or lack of effect). Few
RCTs were powered for health outcomes of interest, including only three powered for composite
CV outcomes (one of which ended up being underpowered) and one for neurocognitive
outcomes.

The emphasis on composite CV outcomes in most trials that reported long-term clinical
events hampers a clear understanding of the effect of CPAP on specific well-characterized
cardio/cerebrovascular events of interest to patients and clinicians. Better standardized
application of outcomes (particularly “composite CV outcomes”) would improve interpretation
of study findings and allow for more coherent evidence summary (e.g., meta-analysis).

This concern is not restricted to OSA studies. A recent systematic review of CV outcome
definitions for the Standardized Endpoints in Perioperative Medicine (StEP) initiative found at
least five different definitions for major adverse CV events (MACE).!®! Notably, none of the
major trials in the StEP review used the same definition. In a Delphi process, the highest-rated
definition included cardiac death, myocardial infarction, and nonfatal cardiac arrest (notably,
omitting revascularization, unstable angina, heart failure, cerebrovascular events, and

arrhythmias, which were all commonly included in CPAP study composite CV outcomes).'®?
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Similarly, the European Medicines Agency, in their 2016 assessment of CV safety profile of
medicinal products, recommends prioritizing MACE for CV outcomes studies, but with a
different definition (CV death, nonfatal myocardial infarction, and non-fatal stroke).'®3

An inherent limitation of the literature is the great variability in, and the often poor
descriptions of, how breathing and sleep measures were defined in studies and, thus, exactly how
OSA was diagnosed (or the decision to treat with CPAP was made). Separate from whether AHI
is a valid measure of OSA severity or whether change in AHI is a valid intermediate or surrogate
measure of any health outcome, the variability in how AHI is defined leads to a number of issues
related to assessing the evidence base. First, and possibly most important, the lack of clarity
about which patients were enrolled in the studies limits our ability to accurately determine for
which patients the studies are most applicable. This limitation applies mostly to patients with
relatively low AHI (e.g., 10 to 20), for whom small differences in thresholds (or definitions of)
apneas, hypopneas, and oxygen desaturation can have large effects on their estimated AHI (or
ODI) value, and thus their potential eligibility for CPAP treatment. Second, the lack of clarity
hampers assessments about which patients may clinically benefit most (or least) from CPAP
(assuming any patients do). Even had there been more (statistical) heterogeneity across studies in
the effects of CPAP treatment, we would have been unable to meaningfully evaluate whether any
of the heterogeneity could have been explained by differences across studies in AHI (or ODI)
definitions. For example, studies that found different effects in subgroups based on AHI
categories (e.g., 10-15, 15-30, >30) would be difficult to interpret if we cannot be confident
about which patients would fall in each category because of variable definitions of how AHI was
defined. Not only does this hamper our understanding of the evidence, but it results in a failure to
allow the clinical studies to help determine which particular criteria for breathing measure and
OSA definitions are most clinically important. Sleep study measures should be defined to help
capture those patients who would most benefit from treatment. In theory, clinical trials should
provide the best evidence to help refine the definitions of the measures.

The high variability as to how AHI was defined calls into question the clarity and
effectiveness of the standardized criteria (such as those by AASM). One would expect that
different research groups applying the same criteria (e.g., the AASM 2012 update) would
consistently use exactly the same definitions for apnea, hypopnea, and oxygen desaturation.
However, this was clearly not the case. Although, we acknowledge that it is not clear to us
whether AASM is allowing too much leeway for each sleep center to define criteria as they see
fit or if polysomnographic technologists and sleep physicians are misinterpreting or misapplying
the criteria.

Few studies reported on treatment effects in subgroups of patients and none of the studies
reported appropriate interaction analyses to determine whether any differences seen between
subgroups were significantly different from each other. This is a common failing of studies
reporting subgroup effects. In large part, the lack of subgroup analyses was likely due to the
relatively small numbers of participants included in individual trials. The SAVE trial is the
largest RCT to date comparing CPAP to no CPAP with long-term health outcomes; it was of
modest size, with 2687 participants followed for about 4 years. Even with restriction to patients
with underlying CVD or cerebrovascular disease (with the goal of enriching the sample for CV
outcomes), it was designed to be powered only for a composite CV outcome (CV death, nonfatal
MI, nonfatal stroke, and any hospitalization for unstable angina, heart failure, or transient
ischemic attack). Even then, the study failed to find a statistically significant effect at the effect
size found by the study (HR = 1.10). With relatively small studies, that were thus underpowered
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to find statistically significant effects for most incident outcomes, it is unlikely that the studies
could have uncovered statistically significant, and maybe even clinically important, differences
in effect across subgroups of patients. Therefore, while studies mostly found no evidence of
average differences in effect (or at best, low SoE of a possible small average benefit), the
evidence fails to address whether any particular sets of patients may clearly benefit from CPAP.
While on average, within studies, patients did not have a reduction in CV death (for example), it
is unknown whether particular patients in the studies (e.g., those with morbid obesity or those
with AHI >60) did, in fact, benefit from CPAP.

Most of the RCTs were deemed to be at moderate risk of bias. The most common reason for
downgrading the quality of the studies was a lack of blinding of participants or their clinicians.
Only two, relatively small, relatively short-term, RCTs (APPLES [Apnea Positive Pressure
Long-term Efficacy Study] and BestAIR used sham CPAP and thus blinded participants.”’- 1!
While it is apparent that implementing sham CPAP for years in a large group of study
participants would be difficult, the lack of blinding raises the possibility of differences in
whether patients treated without CPAP were managed differently than patients not given CPAP,
and the degree to which this may have impacted long-term health outcomes. Other
methodological concerns among the RCTs were related to loss to followup, some crossovers, and
other related issues. Nevertheless, overall the risk of bias among the RCTs was not a major
concern. We were unable to discern differences in reported effect sizes related to our quality
assessments of the trials.

While we restricted inclusion of NRCSs regarding effect of CPAP to those with
multivariable analyses, there remain concerns that patients selected to be treated with CPAP (or
self-selected to use or comply with CPAP) are inherently different from patients not treated with
(and/or not adherent with) CPAP to such a degree that even well-adjusted analyses are biased
toward CPAP users (who might, for example, be more concerned with their health, well-being,
or risk of long-term outcomes). Only three NRCSs (Bjornsdottir 2015, Lisan 2019, ONSLEEP)
used propensity score analyses (that adjust for the factors that predict for choice to use CPAP);
although, even propensity score matching may not account for unmeasured differences between
groups. Nevertheless, for most outcomes effect sizes from NRCSs tended to be consistent with
those from RCTs.

Intermediate and Surrogate Measures (Strengths and Limitations)

The evidence regarding the validity of breathing and sleepiness symptom measures as
intermediate or surrogate measures (whether surrogate or mediator measures) for health
outcomes is insufficient to make conclusions. Importantly, no comparative studies with long-
term health outcomes evaluated potential correlations of intermediate/surrogate and health
outcomes within the studies. Our attempt to glean potential evidence for correlations from
across-study meta-regression was unsuccessful largely due to too-small numbers of studies that
reported both changes in intermediate or surrogate measures and effect sizes. Studies tended to
report AHI (or ODI) and ESS only at study baseline as descriptors of the included populations,
but not in followup.

Applicability
The largest RCT (SAVE) was, as noted, restricted to participants with prior CV or

cerebrovascular disease who had relatively “severe” OSA (ODI >12, reported to be equivalent to
AHI >30) and were between 40 and 75 years old (mean 61).'> About 80 percent of participants
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were male and about two-thirds were Asian (primarily from China; although the study was
conducted in Australia, Brazil, India, New Zealand, Spain, and China). Patients with extreme
excessive daytime sleepiness (ESS >15) were excluded. The study also used a study-specific
device to determine eligibility for CPAP treatment. Since the SAVE trial was relatively large
compared to the other RCTs, outcomes reported by SAVE (most CV-related outcomes,
accidents, incident diabetes, and depression and anxiety), our conclusions could be considered
most applicable to individuals who would have been eligible for the SAVE trial. Consistent with
SAVE, other RCTs generally included patients at increased risk of CV outcomes or death. Most
other RCTs also excluded patients with excessive daytime sleepiness (ESS >10). Another
concern related to the applicability of the RCTs is that individuals (and their clinicians) who
would be willing to be randomized to CPAP or no CPAP for long-term studies may be inherently
different from typical patients seen in practice. Nonetheless, for most outcomes, we did not find
substantive differences in the findings of RCTs and the generally more applicable NRCSs (which
used more inclusive eligibility criteria). However, many of the NRCSs provided poor
descriptions of patient eligibility and/or CPAP treatment, hampering the assessment of the
applicability of these studies.

In terms of potential applicability to the Medicare population, only three studies, one RCT
(PREDICT) and two NRCSs (Crawford-Achour 2015 and Ou 2015) specifically focused only
older adults, but had very small numbers of patients, n =231, 124, and 126 respectively. An
additional NRCS (Jennum 2015) reported on a subgroup of older adults (n = 6719), with similar
findings compared with other age groups.

Implications

Our systematic review of direct comparative studies mostly found, with low SoE, no
evidence of statistically of clinically significant effects of CPAP on long-term health outcomes
of interest. The overall lack of RCT and adjusted NRCS evidence supporting an effect of CPAP
on long-term health outcomes stands in contrast to the substantive effect of CPAP on sleep
measures such as AHI and symptoms, as evaluated by ESS.!! We were also unable to make
meaningful conclusions regarding the validity of breathing or symptom measures as intermediate
or surrogate measures for health outcomes.

The most important limitations were imprecise (frequently highly imprecise) estimates of
effect and sparse evidence. Most of the important clinical events of interest occur relatively
infrequently (even among selected populations) and may take many years to manifest. For
example, the all-cause mortality rate in the largest RCT (SAVE) was only 3 percent after an
average of almost 4 years of followup.

The RCTs and NRCSs do not provide evidence of clinically meaningful effects on
psychosocial measures. Improvements in the severity of symptoms or associated comorbidities
with CPAP use, such as mental health, cognitive function, and quality of life, while in some
cases statistically significant, were small and below thresholds for clinically meaningful
differences in effect. Regarding quality of life and functional status, the evaluated measures have
mostly not been validated in adults with OSA and the quality of life measures might not qualify
as health-related quality of life measures.

Thus, overall, the current RCT evidence base provides conclusions based on low SoE
regarding the potential clinical benefits of CPAP for patients with OSA over the long-term (e.g.,
after at least 1 year of treatment), particularly related to CV events, but also other outcomes such
as psychosocial measures. For the most part, the associations reported by adjusted NRCSs are
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consistent with the direction and magnitude of the effects of CPAP in the RCTs. Although, for
all-cause mortality, the NRCSs found stronger associations than the RCTs, which led to an
overall conclusion of possible effectiveness of CPAP in longer term followup—albeit with a low
strength of evidence.

Future RCTs and NRCSs that more effectively control for the inherent differences between
those who are adherent and those who are not are needed to confirm or refute the conclusions.
Alternatively, the treatment may have limitations in its utility because aspects of treatment
choice and user adherence may not be remediable.

The generally low SoE regarding the use of CPAP to prevent long-term health outcomes (for
most outcomes) is in contrast with high SoE of the effect of CPAP to improve AHI and other
sleep and symptom measures.'% ! Given the relative ease of conducting short-term studies of
these putative intermediate/surrogate measures, it is not surprising that the large majority of
RCTs have focused on these outcomes. Most researchers, at least implicitly, assume that AHI is
the “best” intermediate outcome to measure. Despite biological plausibility, it is arguably
incorrect to simply assume that changes in AHI are associated with, or mediate, improvements in
long-term health outcomes. Other measures, that may have better biological plausibility, such as
measures of cumulative exposure to reduced inhaled air during a night of sleep (e.g., time spent
with oxygen desaturation below a threshold) are rarely evaluated. From prior comparative
effectiveness research conducted for the Agency for Healthcare Research and Quality (AHRQ),'!
it is well-understood that CPAP is effective to improve (reduce) AHI—to a greater extent in
patients with higher AHI levels without CPAP—but there is not adequate evidence to support the
contention that changes in AHI translate to improvements in health outcomes. Until well-
conducted studies test the validity of the range of sleep (and symptom) measures to predict
important health outcomes, it remains difficult to interpret trials of putative intermediate
outcomes and to determine whether their findings (e.g., of reduced AHI) are of any value to
patients.

Although existing systematic reviews have reported that CPAP improves sleepiness
symptoms, the evidence regarding other health outcomes is more tentative and additional studies
are needed before we have a clear understanding of the potential effects of CPAP on long-term
outcomes for patients with OSA. Furthermore, there is inadequate evidence to support whether
any particular group of patients may benefit to a greater or lesser degree from CPAP treatment to
affect health outcomes. Future high-quality studies could provide more definitive results.

Future Research

The Centers for Medicare & Medicaid Services (CMS) commissioned this Technology
Assessment from AHRQ to evaluate the evidence on improvement of long-term health outcomes
of CPAP treatment in patients with OSA, as well as the validity of criteria used as surrogate
outcomes (e.g., AHI), all in aid of coverage decision making. In addition, the report has
identified gaps that should direct future research.

This Technology Assessment is notable for its inability to identify evidence that would
warrant drawing anything but low SoE conclusions about the efficacy of CPAP. It is also notable
for the limitations regarding surrogate markers for OSA (e.g., lack of validation) and the reliance
of the sleep apnea research on these parameters.

Despite decades of research that have made the implicit assumption that improvements in
intermediate measures, such as AHI, ODI, and ESS, are associated with improvements in long-
term health outcomes, we found no well-designed and implemented RCTs that have verified this
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hypothesis. We also note the lack of consistency across studies (and sometimes within studies) of
definitions and criteria used to assess sleep study measures and to diagnose OSA. It is critical
that both verified and appropriate criteria are applied and that these criteria are applied
consistently and accurately across patients. The reader of a study should be able to identify the
sleep study devices that were used, where sleep studies were done, how sleep and breathing
measures were measured, what thresholds and other criteria were applied to each measure, and
how study eligibility criteria (including such factors as AHI) were implemented.

Various investigators over the years have raised questions about the value of the evidence
base supporting CPAP. Most notably, in 2008, the American College of Cardiology and the
American Heart Association noted the poor quality of data in this area and cited poor study
design.'® In 2010, the SAVE investigators cited these deficiencies as part of their rationale for
conducting a large, long-term, placebo-controlled, randomized study with hard clinical
endpoints.'®> However, despite the attempt, the SAVE study did not identify a CV benefit from
CPAP. It was underpowered for most clinical outcomes and relied on a composite CV endpoint.
In addition, despite the lack of CV benefit, AHI improved, raising questions about the linkage
between measurement parameters and outcomes.

There are no other large RCTs with hard clinical endpoints of sufficient duration, and with
proper execution and analysis. Adherence, and whether it is patient or device related, has not
been rigorously assessed.!””> 1”® The largest studies were NRCSs. These were often undertaken
because CPAP efficacy, often based on AHI-type parameters, was presumed and placebo
treatment was thought to be inappropriate and perhaps unethical. However, as this review
demonstrates, there remains clinical equipoise regarding the effect of CPAP on clinical
outcomes. These types of studies are not, however, a substitute for RCTs. By their design these
nonrandomized studies are subject to bias. Moreover, presumptive treatment with ineffective
therapy is no benefit to patients and is perhaps unethical.

Other data sets have other challenges. Over 150 CPAP devices have been cleared through the
Food and Drug Administration (FDA) 510k process in which a device with a prior
approval/clearance can serve as a predicate device. Many of these clearances relied on
engineering performance or short studies with unvalidated sleep apnea parameters. It is notable
that these same devices could be used for noninferiority studies for other sleep apnea
technologies.

To identify ongoing clinical trials that might be germane to the subject of this Technology
Assessment, we searched government data bases for other planned studies with a minimum
duration of 12 months. There were no relevant studies listed in the National Institutes of Health
(NIH) RePORTER, which lists NIH-funded studies. In ClinicalTrials.gov, there were six RCT
listings. Three of these listed mortality or CV endpoints (NCT02080156, NCT04513483, and
NCTO03936751), but the trials were being conducted in very select patient populations (patients
with coronary atherosclerosis treated with percutaneous procedures or bypass grafting, patients
with paroxysmal atrial fibrillation, and patients with hypertensive acute cardiogenic pulmonary
edema, respectively). One included only patients under age 65. The ClinicalTrials.gov record for
the largest of these trials (NCT02080156) has not been updated since 2015. The other three
RCTs (NCT02886156, NCT02553902, and NCT02420184) were small and had other types of
primary endpoints: Montreal Cognitive Assessment score, AHI, and estimated glomerular
filtration rate (¢GFR). One trial (NCT02553902) had two active treatment arms. The results for
NCTO02420184 were published after the review deadline: CPAP in patients with chronic kidney
disease (stage 3 or 4) did not improve eGFR.'® The available information on the methodology—
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including patient population, size, control group—and endpoints suggests that these studies may

be unable to address outstanding questions about the management of Medicare beneficiaries with
OSA. Final assessments, however, can be made only after the trials are completed and published

in peer-reviewed journals.

Conclusions

The studies are highly inconsistent in how they define breathing measures (such as AHI and
ODI) and, by extension, how they define OSA, despite statements of following standard sleep
study criteria. Reporting of specific diagnosis and sleep study criteria is generally poor.

RCTs have not found significant effects of CPAP on long-term health outcomes for adults
with OSA. RCTs of long-term outcomes do not provide evidence that CPAP has an effect on all-
cause mortality, stroke, acute myocardial infarction, composite CV outcomes, accidents, incident
diabetes (all with low SoE), and on clinically significant improvements in (unvalidated)
measures of depression and anxiety symptoms, cognitive function, or quality of life (all with low
SoE). The effect of CPAP on other long-term health outcomes from RCTs is unclear due to
insufficient evidence related to sparse studies and/or highly imprecise estimates. Inclusion of
information from adjusted NRCSs mostly does not alter these conclusions, except that the
NRCSs support an association between CPAP use and lower risk of all-cause death with longer
term followup. Underpowered studies have contributed to some of this evidentiary weakness.
RCTs have mostly been powered for composite CV events, however the definitions of this
outcome is highly variable across studies. Clinical equipoise remains. Future high quality, long-
term studies that are adequately powered for clinical endpoints are needed. .

A small number of studies comparing CPAP with mandibular advancement devices provided
low SoE that (unvalidated) measures of depression and anxiety symptoms are unaffected by
either OSA treatment. There is insufficient or no evidence regarding the relative effect of CPAP
versus mandibular advancement devices on other outcomes. There is no evidence regarding
comparisons of CPAP with other (nonsurgical, nonpharmacologic) interventions. There is low
strength of evidence that functional status remains similar between patients prescribed either
fixed CPAP or autoCPAP. Other long-term health outcomes have not been reported.

Across studies, there is insufficient evidence to evaluate which, if any, patients have greater
benefits with any given treatment.

No studies have evaluated whether breathing measures or sleepiness symptom measures may
be valid surrogate or mediator measures for long-term health outcomes. Across studies, there
was insufficient evidence to support whether changes in intermediate or surrogate measures are
correlated with health outcomes.

Future well-conducted, well-reported studies are needed to allow more definitive conclusions
regarding the clinical effect of CPAP for adults with OSA, to determine who might most benefit
from long-term CPAP treatment, and to evaluate the validity of intermediate measures as
potential surrogate or mediator measures of long-term health outcomes.
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