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Introduction: Obstructive Sleep Apnea (OSA) is a chronic disease requiring
life-long care, with clear benefit for those who remain adherent to positive airway
pressure (PAP) therapy. Despite the efficacy of PAP, adherence to treatment has
historically been low. The purpose of this study was to determine the impact of a
streamlined OSA care pathway on quality of care and PAP adoption/adherence.

Methods: Two retrospective cohort studies were performed based on real-world
data gathered as part of routine clinical care within a large comprehensive sleep
care program. In Study 1, quality of OSA care was assessed by evaluating days
spent between treatment steps of the care pathway, including time to diagnosis
and treatment initiation. In Study 2, long-term PAP adoption, adherence, and
persistence data were analyzed; PAP average minutes used per night and average
nights per week were also calculated.

Results: In Study 1, patients (n = 42,687) typically underwent telehealth
consultation within 5 days of OSA screening; completed Home Sleep Apnea
Testing (HSAT) within 12 days from physician consultation; received testing
results and recommendations within 9 days of completing HSAT; and initiated
PAP within 8 days of a diagnosis. In Study 2 (N = 4,907), 84.3% of
patients placed on therapy adopted therapy and 80.6% of those who adopted
demonstrated short-term adherence. 82.6% of patients demonstrated long-term
PAP adherence 1 year after adoption and 74.2% of patients persisted with PAP 2
years after adoption. PAP usage rates increased over time. By year 3, patients (n
= 3,067) used their PAP device an average of 6.0 days per week, with mean usage
of 6.4 h per night.

Discussion: Length of time between treatment steps was shorter than published
reports. Rates of both short- and long-term adherence and persistence to PAP
therapy were also higher than those observed in most prior studies. Average
nightly use and nights per week used trend upward across the 3 years. These
findings suggest that a comprehensive OSA care approach can effectively help
more patients get on therapy and stay on therapy, providing an opportunity for
the health and economic benefits reported in the literature.

KEYWORDS

sleep apnea, positive airway pressure (PAP), adoption, adherence, persistence, quality of
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Introduction

Obstructive sleep apnea (OSA) is a common and costly medical
condition that impacts ~936 million individuals worldwide
(Benjafield et al., 2019). The condition is characterized by partial
or complete airway collapse during sleep, resulting in intermittent
airflow reduction and breathing pauses throughout sleep, each
lasting 10 or more seconds and resulting in blood oxygen
desaturation, sympathetic arousals, and sleep fragmentation. OSA
is a chronic disease requiring life-long care, with clear benefit for
those who stay on recommended treatment. In contrast, untreated
OSA creates a significant burden from all perspectives; this burden
is for patients through worse health outcomes and diminished
quality of life, for employers through decreased productivity
and increased accident risk, and for payers through higher
healthcare and disability costs. Untreated OSA increases risk for
cardiovascular disease, depression, diabetes, and premature death,
to name several consequences (Garbarino et al., 2020; Gottesman
et al., 2024; Ogilvie and Patel, 2018; Yeghiazarians et al., 2021).

A growing body of literature highlights the economic benefit of
OSA care. For example, in 2016, the American Academy of Sleep
Medicine commissioned a paper that reported total OSA-related
costs of untreated OSA of $150 billion per year with potential cost
savings from OSA care of $100 billion per year, as measured in
USD in 2015 (Watson, 2016; Frost and Sullivan, 2016). A 2019
systematic review examined the impact of OSA on monetized
economic outcomes and found that 15 of 18 studies resulted in
positive economic benefit (Wickwire et al., 2019). More recently,
a white paper reported findings from an administrative claims
analysis showing that successful OSA care was associated with
~$5,400 reduction per patient in total healthcare costs over 2 years
(Risk Strategies Consulting, 2024).

The first-line treatment for OSA is positive airway pressure
(PAP) therapy. When used as prescribed (i.e., all night every night),
PAP effectively eliminates OSA. Unfortunately, claims analyses
demonstrate that, as seen in other chronic disease conditions,
adoption and adherence to PAP is suboptimal, with up to 51% of
patients declining to try PAP at all, 25% of patients maintaining
adherence for 1 year, and only 11% persisting to treatment at 2
years (Risk Strategies Consulting, 2024). A commentary on the
challenges with adherence noted that 46-83% of patients with
obstructive sleep apnea have been reported to be nonadherent to
treatment, when adherence is defined as at least 4h of nightly
use (Weaver and Grunstein, 2008). In traditional care models,
one barrier to PAP is a demanding patient journey that typically
includes primary care, sleep specialty care, diagnostic sleep testing,
coordination with durable medical equipment (DME) providers,
troubleshooting, and the need to coordinate ongoing support
(Wickwire et al., 2024). Even when completed successfully, this
OSA patient journey often takes many months and significant effort
from patients.

The purpose of this study was to determine the potential impact
of a streamlined OSA care pathway on quality of care as well as PAP
adoption and adherence. We report findings from two retrospective
analyses of clinical data from a national sleep telemedicine provider
in the US to determine whether an optimized OSA pathway can
result in better outcomes than those reported in the literature.
From a research perspective, all patients would ideally be followed
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over time, from OSA screening through long-term outcomes. In a
real-world setting, however, such optimal study designs are often
not possible. For example, the OSA care model described herein
has been refined and continues to improve over time. As a result,
not all relevant metrics (e.g., time between treatment steps) are
available for all patients. At the same time, examination of long-
term outcomes is vital. Given this, our approach is to provide
results from two non-overlapping cohorts that span nearly a
decade of real-world clinical care. Study 1 includes relatively recent
data (2021-2023) and aims to provide insight into a refined and
continually improving OSA care model. Study 2 includes slightly
older, non-overlapping data (2016-2020) and aims to provide
insight into long-term adherence and other outcomes once patients
are prescribed treatment. By including two cohorts, this paper aims
to provide a comprehensive overview of a real-world OSA care
program over time and to enable practical comparisons against
more traditional, often disjointed OSA care models.

Methods

Study design and overview

This paper presents results of two related retrospective cohort
studies of real-world data gathered as part of routine clinical care
for patients treated within a large sleep telemedicine program in
the U.S. In Study 1, we examined the quality of OSA care, including
time to diagnosis, time between positive diagnosis and treatment
adoption, as well as median number of days between multiple
treatment steps of the care pathway. Study 2 presents long-term
PAP adoption, adherence, and persistence data of a cohort of OSA
patients for whom longer-term follow-up data were available (>3
years), as well as average PAP usage data in nights per week used
and minutes per night used.

Description of OSA care pathway

Figure 1 depicts the OSA care model and text below describes
the treatment steps. Patients follow a clearly defined sequence of
care, supported throughout by a clinically integrated care team
consisting of a board-certified sleep physician, nurse practitioner,
respiratory therapist, and behavioral care manager, moving the
patient from initial screening (Screening) through completion of
patient reported history and patient reported outcomes (Evaluation
and Intake) and on to the physician teleconsult (Teleconsult). If the
physician suspects sleep apnea, home sleep apnea testing (HSAT)
is ordered and sent to the patient. Contraindications to HSAT
were taken into consideration in accordance with AASM practice
guidelines. If a patient did not qualify for home testing, the clinical
team arranged local in-lab PSG testing.

Upon completion of the HSAT, testing results are interpreted
by the physician, followed by discussion of test results and
recommended treatment plan (Test Results and Care Plan). If
patients opt into PAP treatment, they receive a device from the
care manager (including both the PAP machine and consumables
as needed from a variety of companies), as well as more
education about OSA, their prescribed treatment, and preparing
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FIGURE 1

Schematic of the comprehensive sleep care pathway. Potential patients complete an online screening questionnaire and validated patient reported
outcome measures. This detailed sleep and health information helps to guide a telehealth consultation with a board-certified sleep physician to
clinically assess for sleep disorders, including sleep apnea. If indicated, a home sleep apnea test is conducted. Results are discussed with the patient,
and a care plan is established. If patients opt into PAP therapy, they receive additional education and training on the PAP device. Support and
monitoring are provided by a behavioral care team to help acclimate the patient and troubleshoot any initial difficulties. Once acclimated, patients
are supported through device monitoring and are contacted by clinical staff as indicated. The clinically integrated team includes board-certified
sleep physicians, a nurse practitioner, medical support team, respiratory therapists, and a behavioral care team.

Monitoring + Care
Support + Escalation
as Needed

Enhanced
Adherence
& Outcomes

for adoption/acclimation (Education and Training). Patients begin
with autotitrating PAP but depending on their clinical needs, the
mode can be switched to fixed-pressure PAP, or the device can be
changed to bilevel-PAP or adaptive servo-ventilation.

Interaction with patients is made on both a proactive and
reactive basis. Sleep Coaching is conducted by behavioral care
managers and medical managers throughout the patient’s entire 1-
year treatment cycle (which can then be renewed for additional
years). During Acclimation (the first 30-45 days of treatment)
the care team works with the patient to engage in therapy
successfully, using a variety of methods of communication (text,
email, phone). Contact occurs, on average, every 5 days. After
acclimation, the care team shifts to a supportive role to monitor
and promote long-term adherence and persistence to therapy
(Monitoring + Care Support). For example, the care team
monitors usage parameters, and the PAP machine-calculated
residual estimated apnea-hypopnea index (rAHI), contacting
the patient when intervention is needed. Escalations to the
medical team occur when warranted. If compliance remains
above 70%, patient contact occurs on average every 45-90
days. If compliance dips below 70%, contact is made every 7
days until compliance rises back above 70%. The care team
also handles communication with the patient around DME
resupply, behavioral, technical, and medical barriers. Patients
also reach out on their own if they have questions or concerns
between those planned touchpoints. Further description of
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the care pathway has been recently published (Salinas et al,
2025).

Home sleep apnea testing

In both Study 1 and Study 2, HSAT was performed using Nox
Medical T3 and T3s™ devices, which include channels to monitor
airflow, snoring, respiratory effort, pulse oximetry, and body
position. When additional testing was necessary to further evaluate
patients with inconclusive HSAT results, electroencephalogram
(EEG) and electrooculogram (EOG) channels were included.
Scoring was performed using the AASM Manual for the Scoring
of Sleep and Associated Events; hypopneas were scored using the
1A (for HSAT) or 2A (for HSAT + EEG/EOG) hypopnea scoring
rules. As per AASM guidelines, severity of sleep apnea was graded
based on the respiratory event index (REI) for HSAT or apnea-
hypopnea index (AHI) for HSAT + EEG/EOG, including mild
(5-15 events per h), moderate (15-30/h), and severe (>30/h)
(American Academy of Sleep Medicine, 2014).

Study 1: quality of OSA care
The participants of this portion included employees at US-

based companies who underwent OSA screening between 2021

frontiersin.org


https://doi.org/10.3389/frsle.2025.1593874
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

Riney et al.

and 2023 as part of a contracted OSA care management program.
Broadly speaking, employees with possible OSA were identified via
multiple pathways, including provider referral (e.g., from onsite
health clinics), self-referral (e.g., based on workplace education
programs), or regulatory necessity (e.g., in the trucking industry).
Inclusion criteria were completion of OSA screening and insurance
coverage for OSA care. To maximize generalizability of findings,
no specific exclusion criteria were applied. Dependents (e.g., family
members) were also eligible to participate.

All participants completed OSA screening. Demographic and
clinical characteristics were assessed via online questionnaire
and/or telehealth video consultation with a board-certified sleep
physician. Geographical location was categorized as rural/urban
based on the 2010 USDA Economic Research Service (ERS) census
definitions (USDA Economic Research Service, 2012). Data were
captured within a proprietary electronic health record system used
for OSA care management. Quality of OSA care was defined as time
in days between treatment steps, including time from screening to
meeting with a physician, time from meeting with the physician to
implementing Home Sleep Apnea Testing (HSAT), and time from
diagnosis and treatment recommendation to treatment initiation.
For time to event analyses, participant completion of the initial
OSA screening was considered Day 0, and time was measured
either in days from this date or days between identified steps in the
treatment pathway.

Descriptive statistics were used to characterize participants,
including means with standard deviation (SD), medians with
interquartile ranges (IQR), and counts or proportions for
categorical variables.

Study 2: long-term PAP adoption,
adherence, and persistence

PAP data was obtained via cloud-connected devices. Patients
without internet access mailed back their SD memory cards, and
adherence data were manually uploaded into the clinical database.
Descriptive statistics were used to characterize participants, with
means and SD for continuous variables, and counts and proportion
for categorical variables. To present a comprehensive view of usage,
we evaluated several variables that together can form a composite
view. Adoption of PAP therapy was defined as using PAP for
>60min in a single day, reflecting an attempt to use PAP (and
not simply verify machine functionality). Ninety-day adherence to
PAP therapy was defined as meeting the CMS adherence threshold
of >4 h/night on >70% of nights within a 30-day period, with
symptomatic benefit, within the first 90 days. Long-term adherence
(1 year) and persistence (2 or more years) to PAP therapy was
characterized by patient benefit from using PAP, demonstration of
consistent effort using their PAP device, and a desire to continue
using PAP in the following year (Year 1 adherence). When these
criteria are met, they move into a subsequent year of treatment. If
they meet these criteria for 2 years, they move into a third year (and
so on). Details of usage within a given year are then further clarified
by mean number of days per week and hours per night of use at 1-,
2-, and 3-year follow-up. Finally, effectiveness of PAP therapy was
evaluated at each point based on PAP machine-calculated rAHI.
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TABLE 1 Study 1 demographics of treatment pathway analysis.

Demographic Total (N = 42,687)

Gender
% Female 47.0%
% Male 46.1%
% Not identified 6.9%
Age
18-25 1.3%
26-35 16.7%
36-45 27.9%
46-55 31.6%
56-65 19.2%
>65 3.2%
Geographic location
Rural 67.0%
Urban 32.8%
Unknown 0.2%
Results

Study 1: quality of OSA care

The final sample for Study 1 included N = 42,687 individuals
screened for OSA between 2021 and 2023. Table I presents
the demographic baseline characteristics. Forty-seven percent of
participants self-identified as female (47.0%). Most participants
(59.5%) were between the ages of 36-55 years. Two-thirds of
the sample lived in rural ZIP codes. Table 2 summarizes OSA
quality of care metrics, including the time in days between
multiple treatment steps. Median values show that patients typically
underwent telehealth consultation within 5 days of OSA screening
and completed HSAT within 12 days from physician consultation.
Median values also show that testing results were typically reviewed
with patients within 9 days of completing HSAT. Lastly, patients
typically initiated PAP therapy within 8 days of receiving their
diagnosis and recommended treatment plan.

Study 2: long-term PAP adoption,
adherence, and persistence, and usage

Four thousand nine hundred and seven patients who tested
positive for sleep apnea between January 2016 and December
2020 were included (Table 3) to observe long-term PAP adoption,
adherence, and persistence. Patients were predominantly male
(82.4%). The most common age ranges were 46-55 (31.1%) and
56-65 (33.7%). Patients were more likely to be from urban (87.3%)
rather than rural (12.6%) environments. In this patient group,
47.2% had a baseline REI/AHI of 30 or more events per hour, as
measured by the standard Type IIl HSAT or with added EEG/EOG,
indicating severe sleep apnea.
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TABLE 2 Summary of OSA quality of care metrics.

Time in Days: median
(IQR [25%-75%])

Description of timeframe

10.3389/frsle.2025.1593874

TABLE 4 Use of PAP therapy across multiple years.

Adoption, adherence, and persistence to PAP therapy

Days elapsed between steps in the OSA care pathway begins with a sample of 42,687.
OSA, obstructive sleep apnea; HSAT, home sleep apnea testing; PAP, treatment with positive
airway pressure; IQR, Interquartile range.

TABLE 3 Study 2 demographics of cohort for adoption analysis.

Demographic Total (N = 4,907)

Adoption* 84.3% (4,134/4,907)
Days elapsed from OSA screening to 5[3-12]
completion of teleconsultation with a 90-day Adherence 80.6% (3,332/4,134)
physician 1-year Adherence' 82.6% (3,414/4,134)
D'ays elap§e§ fro@ telehealth Cf)nsultatlon 12 [9-16] 2-year Persistence® 74.2% (3,067/4,134)
with physician to implementation of Home
Sleep Apnea Testing Mean days of PAP use per weekS
Days elapsed from HSAT completion to 9[7-12] Year 1 (n = 3,905) 5.49 (SD 2.11) days/week
review of HSAT results, diagnosis, and
treatment recommendations Year 2 (n = 3,414) 5.76 (SD 1.97) days/week
Days elapsed from positive OSA diagnosis to 8 [5-14] Year 3 (n = 3,067) 6.00 (SD 1.73) days/week

Mean hours of PAP use per night

Year 1 (n = 3,9054) 5.93 (SD 1.56) hours/night

Year 2 (n = 3,414) 6.26 (SD 1.43) hours/night

Year 3 (n = 3,067) 6.43 (SD 1.40) hours/night

PAP, positive airway pressure.
*Adoption is defined as the percentage of patients in Year 1 who start PAP therapy out of
those diagnosed as positive for sleep apnea during testing.

This cohort included 4,907 patients diagnosed with OSA,
of whom 4,134 (84.3%) adopted PAP therapy (Table 4). Of the
4,134 who adopted PAP, 3,332 (80.6%) demonstrated short-term
90-day adherence, meeting CMS adherence criteria during the
first 90 days. In terms of long-term adherence, 3,414 (82.6%)
patients demonstrated adherence to PAP therapy at >1 year, and
3,067 (74.2%) patients persisted with PAP therapy still showing
adherence at >2 years.

During year 1, patients (n = 3,905; Table 4) used PAP devices an
average of 5.49 days per week, with mean usage of 5.9 h per night.
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Gend **90-day adherence is defined using the CMS criteria of the % of patients adopting therapy in
(EeLEr the first 90 days of treatment using PAP therapy >70% of days for at least 4 hours/day within
% Female 17.3% a consecutive 30-day period.
T1-year adherence is defined as the % of patients using PAP one year after adoption out of the
% Male 82.4% patients who initially started using PAP.
*2-year persistence is defined as the % of patients using PAP two years after adoption out of
% Not identified 0.2% the patients who initially started PAP.
A SYear 1 usage is evaluated between PAP adoption, defined as Day 0, and Day 365. Year 2 usage
= is evaluated between Day 366 to Day 730. Year 3 usage is evaluated between Day 731 to 1095.
18-24 0.04%
26-35 4.9% ) ) )
TABLE 5 Mean REI/AHI at Baseline and PAP machine-calculated residual
36-45 19.2% estimated AHI (rAHI) values after treatment initiation for those who adopt
therapy.
46-55 31.1%
56-65 33.7% Sample for each timepoint REI/AHI/rAHI
(events/hour)
>65 11.2%
Baseline for those who do not initiate treatment 18.86 (17.36)
Geographic location (n=773)
Rural 12.6% Baseline for those who initiate treatment 38.33 (25.82)
(n=4,134)
Urban 87.3%
90 days post treatment initiation (n = 4,075) 1.82 (2.17)
Unknown 0.1%
i 1 year post treatment initiation (n = 3,904) 1.54 (2.53)
Severity of sleep apnea
2 years post treatment initiation (n = 3,405) 1.44 (1.91)
Mild 23.6%
3 years post treatment initiation (n = 3,090) 1.41 (3.27)
Moderate 29.2%
AHI, Apnea-Hypopnea Index; REI, Respiratory Event Index; rAHI, PAP machine-calculated
Severe 47.2% residual estimated Apnea-Hypopnea Index.

During year 2, patients (n = 3,414) used PAP devices an average of
5.8 days per week, with mean usage of 6.3 h per night. In year 3,
patients (n = 3,067) used PAP devices an average of 6.0 days per
week, with mean usage of 6.4 h per night. In terms of effectiveness
of PAP therapy, the mean REI/AHI at baseline was 38.33 breathing
events per h; within 90 days of adoption of PAP, this was reduced to
1.82 events/h (normal based on the PAP machine-calculated rAHI
values) and remained low through 1-, 2-, and 3-years following
treatment adoption, with mean values all below residual estimated
AHI of 2 events/h (Table 5).
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Discussion

In this real-world analysis, quality of OSA care was high,
as evidenced by shorter length of time between treatment steps,
including time to diagnosis and time to treatment initiation after
diagnosis. Length of time between steps was shorter than published
reports citing long wait times and significant barriers in patients
getting tested and on PAP treatment. Further, rates of both short-
and long-term adherence and persistence to PAP therapy (up to
3 years) were also higher than what has been found in most
prior studies, suggesting that a comprehensive, telehealth OSA care
approach can effectively help more patients initiate therapy and
then support them to remain in therapy and maintain long-term
adherence. Importantly, PAP usage also improved significantly
across 3 years, increasing the days per week and time per night that
patients used their devices. Given that American Academy of Sleep
Medicine clinical guidelines are clear that OSA is a chronic disease
requiring life-long care, evaluating long-term outcomes is critical
(Patil et al., 2019).

In recently published data, a higher proportion of patients
receiving care in the comprehensive OSA care model described in
this paper were satisfied with all measured points in the patients’
journey, including ease of navigating the testing process, time
between diagnosis and CPAP adoption, and availability and level
of ongoing CPAP support, as compared to more traditional OSA
care models (Salinas et al., 2025). These data, in conjunction
with the real-world data presented here, highlight the importance
of a comprehensive, clinically-integrated OSA care model for
key stakeholders.

Given this was a real-world sample without a control arm,
it is important to consider present results in the context of
past literature. For example, in terms of the patient journey,
many sleep centers have lengthy delays (Flemons et al,, 2004).
By contrast, patients in this real-world care program underwent
telehealth consultation with a board-certified sleep medicine
specialist within 5 days of completing a screening questionnaire
and subsequently received HSAT results 12 days later. Patients
typically initiated PAP within 8 days of receiving a diagnosis and
treatment recommendation to begin PAP therapy. This is a more
expeditious patient journey than has previously been reported. For
example, a 2022 analysis related to the OSA diagnosis and treatment
interview process suggested a timeframe of 1-2 months between
each step on the OSA patient journey, with the investigators citing
disorganization and a lack of communication between healthcare
providers as reasons for delays in care (Ye et al, 2022). In a
different review of data from five countries (Flemons et al., 2004),
the US average wait time from the step of patient referral to
sleep testing ranged from a few weeks to a year, not taking
into consideration the time from testing to treatment adoption.
Supplementary material to this article has been provided to observe
differences in methodology and results for determining the average
wait time.

Recent research on the clinical impact of reducing wait times
for OSA care shows that more timely initiation of PAP therapy
is associated with greater adherence to therapy. More specifically,
earlier initiation of treatment has been associated with higher PAP
adherence and greater improvements in daytime sleepiness and
patient satisfaction (Pelletier-Fleury et al., 2004; Thornton et al,
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2020). These researchers suggested that delayed care may change
patient perceptions about the importance of sleep-disordered
breathing, modify patient behavior (i.e., decrease use of PAP) and
result in worse health outcomes.

In addition to speed, present results also demonstrate clinical
quality, as most (80.6%) patients met CMS adherence criteria
within 90 days, with 82.6% and 74.2% of patients remaining
adherent 1 and 2 years later, respectively. These rates of adherence
are meaningfully higher than those observed in traditional sleep
care models (Risk Strategies Consulting, 2024; Weaver and
Grunstein, 2008). Although PAP is the first-line recommended
treatment for OSA due to its efficacy, its effectiveness is dependent
on adherence, which historically has been disappointingly low,
especially in long-term analyses (Weaver and Grunstein, 2008; Park
et al., 2023; Cistulli et al., 2019; Kribbs et al., 1993).

The impact of nonadherence to treatment is far reaching. Data
demonstrate that PAP adherence results in clinically significant
improvements in multiple health outcomes. A 2019 systematic
review found that successful treatment of OSA is associated
with favorable economic outcomes (Wickwire et al, 2019).
Nonadherent patients with sleep apnea also cost more than their
adherent counterparts, resulting in higher total healthcare resource
utilization and resulting higher total healthcare costs. Previously
published data shows that adherence in the comprehensive care
program associated with lower total health care resource utilization
and healthcare costs reduced by $2,743/year on a risk-adjusted basis
(Risk Strategies Consulting, 2024).

This study possesses numerous strengths. Most important, this
is the first study to describe and provide key quality of care findings
from a real-world, comprehensive, telemedicine sleep disorders
management program that has been developed and refined over 10
years. Findings provide important data for multiple stakeholders,
including employers who are a key stakeholder in the sleep
disorders and chronic disease management ecosystem despite only
recently investing in workplace sleep management programs. Other
strengths include a large sample size of real-world data, long-term
follow-up (3-years), and geographic diversity in the US.

At the same time, present results must be interpreted within
the context of its limitations as real-world data also presents
challenges including potential bias and confounding factors that
differ from highly controlled randomized clinical trials. Most
important, the observational study design precludes determination
of causality. Data were captured as part of routine clinical care
within an enterprise context; patients represent a non-randomized,
consecutive sample of actual employees from workplaces across the
United States, seeking evaluation and treatment of sleep disorders.
While the analyzed patient population included a substantial
number of employees working in both regulated and non-
regulated industries, from a range of workplace environments with
broad geographical distribution, generalizability of our findings
is unknown. Analysis comparing patients from the regulated and
non-regulated industries would be useful and informative, but is
not feasible as it may violate our confidentiality agreements with
the patients and their employers. Data from Study 1 was collected
during the COVID pandemic (2021-2023), which we know was
a time when healthcare utilization patterns varied; in many cases
non-COVID healthcare utilization decreased but this care model
provided care via telemedicine and may have been more protected
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from those downward trajectories; some research showed non-
COVID related healthcare utilization drop but some telemedicine
services increase (Cox et al.,, 2025). Further, bias may have been
introduced by including patients for whom CPAP adherence is
required for employment. This care model treated patients for
whom adherence reporting was mandatory, as well as those who
self-referred and did not have their adherence rates reported back
to employers.

A final potential limitation may exist around AHI severity as
this sample started treatment, on average, with a high REI/AHI.
Although the field is somewhat mixed, with some findings
indicating AHI severity may affect adherence (Park et al., 2023),
and other findings suggesting that AHI severity did not predict
adherence (Lykouras et al., 2024), it is worth noting that this
sample did score as severe per baseline REI/AHI. This could
potentially introduce bias, although it may also accurately represent
that those seeking treatment are often in some level of distress
and more symptomatic. As with all real-world studies, clinical
and treatment variables reflect actual care delivery and clinical
outcomes, without randomization and with a higher priority on
minimized patient burden.

Future directions

The results present important directions for future research.
First, in terms of engagement, it is vital to identify patient-
centered, provider/health system, and payor factors that support
treatment adoption, as well long-term adherence. Patient-specific
factors worthy of investigation include disease severity, presence
of comorbid conditions, location, gender, and physiology. Personal
characteristics including mental health, patient preferences,
motivations, and socio-economic status may play a role in
adherence. Non-patient factors are also important to consider,
including aspects of employment or payor structure (e.g., industry,
job role, plan design). Greater insights into each of these
domains will help guide delivery of personalized care and
improve outcomes for stakeholders. Related to this, greater
insights into care delivery, including opportunities to leverage
technology, advanced diagnostic technologies (e.g., multi-channel
home sleep apnea testing with parameters that increase diagnostic
sensitivity), artificial intelligence, and supportive care (e.g., sleep
care navigators) will all help to streamline sleep care and optimize
the patient journey. Finally, there is a great need for increased
emphasis on outcomes that matter to patients, employers, and
health systems more broadly, including impact on comorbid
chronic diseases, improved workplace productivity (e.g., using
employer-specific metrics), and reduced healthcare expenses,
including healthcare resource utilization and costs. Development
of such insights will require close partnership with multiple
stakeholders including forward-thinking employers, health systems
leaders, and payers. Such efforts are actively underway.

Data availability statement

The datasets presented in this article are not readily available
because of confidentiality restrictions. Requests to access the
datasets should be directed to fthorndike@noxhealth.com.

Frontiersin Sleep

10.3389/frsle.2025.1593874

Ethics statement

The requirement of ethical approval was waived by
WCG/WIRB (Puyallup, WA) and found to be exempt under
45 CFR § 46.104(d)(4). For the studies involving humans
because the research involves the use of identifiable private
information/biospecimens; and information, which may include
information about biospecimens, is recorded by the investigator
in such a manner that the identity of the human subjects cannot
readily be determined directly. The studies were conducted
in accordance with the local legislation and institutional
Ethics
Board also waived the requirement of written informed consent

requirements. The Committee/Institutional Review
for participation from the participants or the participants
legal guardians/next of kin because the identity of the
human subjects cannot readily be ascertained directly or
through identifiers linked to the subjects, the investigator
did not contact the subjects, and the investigator will not

re-identify subjects.

Author contributions

HR: Writing - review & editing, Writing — original draft. FT:
Writing - review & editing, Writing — original draft. JA: Writing -
review & editing, Writing - original draft. SH: Writing - original
draft, Writing - review & editing. KH: Writing - review & editing,
Writing — original draft. AB: Writing - original draft, Writing -
review & editing. TK: Writing — original draft, Writing - review &
editing. GS: Writing - review & editing, Writing - original draft. SE:
Writing - review & editing, Writing - original draft. EW: Writing
- review & editing, Writing - original draft.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. Funding was provided by
Nox Health.

Conflict of interest

HR, FT, JA, SH, KH, AB, TK, and SE were employed
by the company Nox Health. EW was a consultant to Nox
Health. EW’s institution has received research funding from the
AASM Foundation, Department of Defense, Merck, NIH/NIA,
ResMed, the ResMed Foundation, and the Sleep Research Society
Foundation. EW has served as a scientific consultant to Axsome
Therapeutics, DayZz, Eisai, EnsoData, Idorsia, Merck, Primasun,
Purdue, and ResMed and is an equity shareholder in WellTap. GS
is an employee of CE Outcomes, LLC, who consulted with Nox
Health on this study.

The authors declare that this study received funding from Nox
Health, Inc. The funder had the following involvement in the study:
analysis, interpretation of data, the writing of this article, and the
decision to submit it for publication.

frontiersin.org


https://doi.org/10.3389/frsle.2025.1593874
mailto:fthorndike@noxhealth.com
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

Riney et al.

Generative Al statement

The author(s) declare that no Gen Al was used in the creation
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those
of the authors and do not necessarily represent those of

their affiliated organizations, or those of the publisher,

References

American Academy of Sleep Medicine (2014). International Classification of Sleep
Disorders. 3rd Edn. Darien, IL: American Academy of Sleep Medicine.

Benjafield, A. V., Ayas, N. T., Eastwood, P. R, Heinzer, R, Ip, M. S. M,,
Morrell, M. J., et al. (2019). Estimation of the global prevalence and burden of
obstructive sleep apnoea: a literature-based analysis. Lancet Respir. Med. 7, 687-698.
doi: 10.1016/52213-2600(19)30198-5

Cistulli, P. A., Armitstead, J., Pepin, J. L., Woehrle, H., Nunez, C. M., Benjafield, A.,
etal. (2019). Short-term CPAP adherence in obstructive sleep apnea: a big data analysis
using real world data. Sleep Med. 59, 114-116. doi: 10.1016/j.sleep.2019.01.004

Cox, C., Amin, K., and Kamal, R. (2025). How Have Health Spending and Utilization
Changed during the Coronavirus Pandemic? Peterson-KFF Health System Tracker.
Available online at: https://www.healthsystemtracker.org/chart- collection/how-
have- healthcare- utilization- and- spending- changed- so- far- during- the- coronavirus-
pandemic/#Year-over-year%20growth%20in%20health%20services%20spending,
%20Q1%202019%20-%20Q4%202020 (accessed February 7, 2025).

Flemons, W. W., Douglas, N. J., Kuna, S. T., Rodenstein, D. O., and Wheatley, J.
(2004). Access to diagnosis and treatment of patients with suspected sleep apnea. Am.
J. Respir. Crit. Care Med. 169, 668-672. doi: 10.1164/rccm.200308-1124PP

Frost and Sullivan (2016). Hidden Health Crisis Costing America Billions.
Underdiagnosing and Undertreating Obstructive Sleep Apnea Draining Healthcare
System. Darien, IL: American Academy of Sleep Medicine. Available online at: http://
www.aasmnet.org/sleep-apnea- economic-impact.aspx (accessed February 7, 2025).

Garbarino, S., Bardwell, W. A., Guglielmi, O., Chiorri, C., Bonanni, E., Magnavita,
N., et al. (2020). Association of anxiety and depression in obstructive sleep apnea
patients: a systematic review and meta-analysis. Behav. Sleep Med. 18, 35-57.
doi: 10.1080/15402002.2018.1545649

Gottesman, R. F., Lutsey, P. L., Benveniste, H., Brown, D. L., Full, K. M., Lee, J. M.,
et al. (2024). American Heart Association Stroke Council; Council on Cardiovascular
and Stroke Nursing; and Council on Hypertension. Impact of sleep disorders and
disturbed sleep on brain health: a scientific statement from the American Heart
Association. Stroke. 55, e61-e76. doi: 10.1161/STR.0000000000000453

Kribbs, N. B., Pack, A. I, Kline, L. R,, Smith, P. L., Schwartz, A. R., Schubert,
N. M, et al. (1993). Objective measurement of patterns of nasal CPAP use
by patients with obstructive sleep apnea. Am. Rev. Respir. Dis. 147, 887-895.
doi: 10.1164/ajrccm/147.4.887

Lykouras, D., Zarkadi, E., Koulousousa, E., Lagiou, O., Komninos, D., Tzouvelekis,
A, et al. (2024). Factors affecting CPAP adherence in an OSA population
during the first two years of the COVID-19 pandemic. Healthcare. 12, 1772.
doi: 10.3390/healthcare12171772

Ogilvie, R. P., and Patel, S. R. (2018). The epidemiology of sleep and diabetes. Curr.
Diab. Rep. 17, 82. doi: 10.1007/s11892-018-1055-8

Park, S. I, Kim, B. K,, Lee, K. E,, Hong, S. D., Jung, Y. G., Kim, H. Y., et al. (2023).
Predictors for short-term and long-term automatic PAP compliance. J. Clin. Sleep Med.
19, 17-26. doi: 10.5664/jcsm.10236

Frontiersin Sleep

08

10.3389/frsle.2025.1593874

the editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/frsle.2025.
1593874/full#supplementary-material

Patil, S. P., Ayappa, I. A,, Caples, S. M., Kimoff, R. ]., Patel, S. R, Harrod, C. G., et al.
(2019). Treatment of adult obstructive sleep apnea with positive airway pressure: an
American Academy of Sleep Medicine clinical practice guideline. J. Clin. Sleep Med. 15,
335-343. doi: 10.5664/jcsm.7640

Pelletier-Fleury, N., Meslier, N., Gagnadoux, F., Person, C., Rakotonanahary, D.,
Ouksel, H., et al. (2004). Economic arguments for the immediate management of
moderate-to-severe obstructive sleep apnoea syndrome. Eur. Respir. ]. 23, 53-60.
doi: 10.1183/09031936.03.00066903

Risk Strategies Consulting (2024). In the Fight Against Chronic Disease, Sleep
is the Hidden Gap in Care. Risk Strategies. Available online at: https://www.
risk- strategies.com/hubfs/Consulting/Risk%20Strategies%20Consulting%20White
%20Paper%20Sleep%20Hidden%20Gap%20in%20Care.pdf (accessed February 7,
2025).

Salinas, G. D., Cerenzia, W., Coleman, B., Thorndike, F., Edington, S., and Riney,
H. (2025). Patient satisfaction with a clinically integrated sleep apnea care model vs. the
current sleep care paradigm. Front. Sleep 3, 1534441. doi: 10.3389/frsle.2024.1534441

Thornton, C. S., Tsai, W. H., Santana, M. J., Penz, E. D., Flemons, W. W.,
Fraser, K. L., et al. (2020). Effects of wait times on treatment adherence and
clinical outcomes in patients with severe sleep-disordered breathing: a secondary
analysis of a noninferiority randomized clinical trial. JAMA Netw. Open 3, e203088.
doi: 10.1001/jamanetworkopen.2020.3088

USDA Economic Research Service (2012). Rural Definitions—Data Documentation
and Methods. Available online at: https://www.ers.usda.gov/data-products/rural-
definitions/data- documentation-and- methods (accessed March 3, 2025).

Watson, N. F. (2016). Health care savings: the economic value of diagnostic
and therapeutic care for obstructive sleep apnea. J. Clin. Sleep Med. 12, 1075-1077.
doi: 10.5664/jcsm.6034

Weaver, T. E., and Grunstein, R. R. (2008). Adherence to continuous positive
airway pressure therapy: the challenge to effective treatment. Proc. Am. Thorac. Soc.
5,173-178. doi: 10.1513/pats.200708-119MG

Wickwire, E. M., Albrecht, J. S., Towe, M. M., Abariga, S. A., Diaz-Abad, M., Shipper,
A. G, etal. (2019). The impact of treatments for OSA on monetized health economic
outcomes: a systematic review. Chest. 155, 947-961. doi: 10.1016/j.chest.2019.01.009

Wickwire, E. M., Zhang, X., Munson, S. H., Benjafield, A. V., Sullivan, S. S,
Payombar, M., et al. (2024). The OSA patient journey: pathways for diagnosis and
treatment among commercially insured individuals in the United States. J. Clin. Sleep
Med. 20, 505-514. doi: 10.5664/jcsm.10908

Ye, L., Li, W., and Willis, D. G. (2022). Facilitators and barriers to getting obstructive
sleep apnea diagnosed: perspectives from patients and their partners. J. Clin. Sleep Med.
18, 835-841. doi: 10.5664/jcsm.9738

Yeghiazarians, Y., Jneid, H., Tietjens, J. R., Redline, S., Brown, D. L., El-
Sherif, N., et al. (2021). Obstructive sleep apnea and cardiovascular disease: a
scientific statement from the American Heart Association. Circulation. 144, e56—e67.
doi: 10.1161/CIR.0000000000000988

frontiersin.org


https://doi.org/10.3389/frsle.2025.1593874
https://www.frontiersin.org/articles/10.3389/frsle.2025.1593874/full#supplementary-material
https://doi.org/10.1016/S2213-2600(19)30198-5
https://doi.org/10.1016/j.sleep.2019.01.004
https://www.healthsystemtracker.org/chart-collection/how-have-healthcare-utilization-and-spending-changed-so-far-during-the-coronavirus-pandemic/#Year-over-year%20growth%20in%20health%20services%20spending,%20Q1%202019%20-%20Q4%202020
https://www.healthsystemtracker.org/chart-collection/how-have-healthcare-utilization-and-spending-changed-so-far-during-the-coronavirus-pandemic/#Year-over-year%20growth%20in%20health%20services%20spending,%20Q1%202019%20-%20Q4%202020
https://www.healthsystemtracker.org/chart-collection/how-have-healthcare-utilization-and-spending-changed-so-far-during-the-coronavirus-pandemic/#Year-over-year%20growth%20in%20health%20services%20spending,%20Q1%202019%20-%20Q4%202020
https://www.healthsystemtracker.org/chart-collection/how-have-healthcare-utilization-and-spending-changed-so-far-during-the-coronavirus-pandemic/#Year-over-year%20growth%20in%20health%20services%20spending,%20Q1%202019%20-%20Q4%202020
https://doi.org/10.1164/rccm.200308-1124PP
http://www.aasmnet.org/sleep-apnea-economic-impact.aspx
http://www.aasmnet.org/sleep-apnea-economic-impact.aspx
https://doi.org/10.1080/15402002.2018.1545649
https://doi.org/10.1161/STR.0000000000000453
https://doi.org/10.1164/ajrccm/147.4.887
https://doi.org/10.3390/healthcare12171772
https://doi.org/10.1007/s11892-018-1055-8
https://doi.org/10.5664/jcsm.10236
https://doi.org/10.5664/jcsm.7640
https://doi.org/10.1183/09031936.03.00066903
https://www.risk-strategies.com/hubfs/Consulting/Risk%20Strategies%20Consulting%20White%20Paper%20Sleep%20Hidden%20Gap%20in%20Care.pdf
https://www.risk-strategies.com/hubfs/Consulting/Risk%20Strategies%20Consulting%20White%20Paper%20Sleep%20Hidden%20Gap%20in%20Care.pdf
https://www.risk-strategies.com/hubfs/Consulting/Risk%20Strategies%20Consulting%20White%20Paper%20Sleep%20Hidden%20Gap%20in%20Care.pdf
https://doi.org/10.3389/frsle.2024.1534441
https://doi.org/10.1001/jamanetworkopen.2020.3088
https://www.ers.usda.gov/data-products/rural-definitions/data-documentation-and-methods
https://www.ers.usda.gov/data-products/rural-definitions/data-documentation-and-methods
https://doi.org/10.5664/jcsm.6034
https://doi.org/10.1513/pats.200708-119MG
https://doi.org/10.1016/j.chest.2019.01.009
https://doi.org/10.5664/jcsm.10908
https://doi.org/10.5664/jcsm.9738
https://doi.org/10.1161/CIR.0000000000000988
https://www.frontiersin.org/journals/sleep
https://www.frontiersin.org

	Managing sleep apnea: long-term outcomes from a comprehensive, patient-centered treatment care pathway
	Introduction
	Methods
	Study design and overview
	Description of OSA care pathway
	Home sleep apnea testing
	Study 1: quality of OSA care
	Study 2: long-term PAP adoption, adherence, and persistence

	Results
	Study 1: quality of OSA care
	Study 2: long-term PAP adoption, adherence, and persistence, and usage

	Discussion
	Future directions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


