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Study Objectives: To assess the effectiveness of continuous positive airway pressure (CPAP) management guided by CPAP machine downloads in newly
diagnosed patients with obstructive sleep apnea (OSA) using electronic health record–derived health care utilization, biometric variables, and laboratory data.
Methods: Electronic health record data of patients seen at the University of Utah Sleep Program from 2012–2015 were reviewed to identify patients with new
diagnosis of OSA in whom CPAP adherence and residual apnea-hypopnea index as measured by a positive airway pressure adherence tracking device data for
≥ 1 year were available. Biometric data, laboratory data, and system-wide charges were compared in the 1 year before and after CPAP therapy. Subgroups were
divided by whether patients met tracking criteria, mean nightly usage, and OSA severity.
Results: 976 consecutive, newly diagnosed participants with OSA (median age 55 years, 56.6% male) met inclusion criteria. There was a mean decrease of
systolic blood pressure (BP) of 1.2 mm Hg and diastolic BP of 1.0 mm Hg within a year of initiation of CPAP therapy. BP improvements in the subgroup meeting
CPAP tracking targets were 1.36 mmHg (systolic) and 1.37 mmHg (diastolic). No significant change was noted in body mass index, glycated hemoglobin, or serum
creatinine values within a year of starting CPAP therapy, and health care utilization increased (mean acute care visits 0.22 per year to 0.53 per year; mean charges
of $3,997 per year to $8,986 per year).
Conclusions: An improvement in BP was noted within a year of CPAP therapy in newly diagnosed patients with OSA, with no difference in the magnitude of
improvement between those meeting tracking system adherence targets.
Keywords: obstructive sleep apnea, continuous positive airway pressure, treatment outcome
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Current treatment for obstructive sleep apnea involves optimizing continuous positive airway pressure (CPAP)
therapy based upon adherence (duration of CPAP use) and efficacy (residual apnea-hypopnea index) data from tracking systems embedded in CPAP
machines. However, the effectiveness of this management strategy during routine obstructive sleep apnea care has not been evaluated.
Study Impact: Integrating electronic health record data with CPAP remote-tracking downloads can be used to study the effectiveness of obstructive sleep
apnea management algorithms on clinical outcomes. Although this study did not show a statistically significant difference in electronic health
record–derived clinical outcomes between patients meeting treatment targets and those who did not, extensions of this methodology could answer a vari-
ety of important, related questions.

INTRODUCTION

Thirty-four percent of middle-aged men and 17% of middle-
aged women in the United States have obstructive sleep apnea
(OSA).1 The prevalence of OSA continues to increase in tan-
dem with the obesity epidemic.1 Continuous positive airway
pressure (CPAP) is recommended as the first-line treatment for
OSA in patients that are symptomatic, have moderate to severe
disease, or have certain comorbities.2,3 It is estimated that 6.2
billion dollars are spent annually on nonsurgical OSA treatment
in the United States, most of which is related to the costs of
CPAP therapy.4 The high prevalence, morbidity, and costs
associated with OSA and its treatment justify ongoing interro-
gation of the real-world effectiveness of CPAP treatment, as

highlighted in a recent Agency for Healthcare Research and
Quality review.5

OSA is associated with a wide range of cardiac,6 metabolic,7

and neurocognitive8 adverse outcomes, as well as increased
health care utilization,9 reduced health-related quality of life,10

and death.11 However, the effect of CPAP treatment in amelio-
rating these outcomes is less clear. Observational data suggest
that CPAP treatment reduces cardiovascular risk and mortal-
ity,12 but randomized trials do not.13–16 Randomized controlled
trials have shown improvement in neurocognitive parameters,17

blood pressure control,18 and health care utilization.19 The
“healthy adherer” effect or other residual confounding,20 inade-
quate CPAP adherence thresholds;21 limitations in trial size
and duration;22 exclusion of symptomatic patients;23 and an
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inability to separate short-term from cumulative effects24 have
all been proposed to explain why CPAP efficacy remains uncer-
tain despite extensive study.2,25

Large, longitudinal databases enabled by electronic health
records (EHRs) have the potential to verify that treatments are
effective when applied across heterogeneous populations in
practice.26 Linkages between EHR and CPAP-vendor data can
overcome financial and logistical barriers that have previously
impeded cohort studies.24

A unique aspect of CPAP therapy is that CPAP machines track
CPAP usage and efficacy by estimating the residual apnea-
hypopnea index (AHIflow

27) of patients receiving treatment.28 A
2013 American Thoracic Society (ATS) position statement
reviewed data on adherence tracking systems (also sometimes
referred to as “remote tracking” or “tele-monitoring”28) and found
preliminary support for the accuracy of measured signals, but an
absence of research evaluating the clinical impact of tracking
system-guided care. They proposed an algorithm where subopti-
mal adherence (< 70% of nights with 4 hours or more usage) trig-
gered a nursing visit, elevated AHIflow (above 10–20 events/h)
prompted evaluation of PAP pressure and mask fit, and large
leak lead to a mask fit assessment.27 Since that time, the reliability
of AHIflow has been questioned and may vary among different
manufacturers.29 Some evidence suggests that AHIflow < 10
events/h accurately identifies patients without residual sleep
apnea.30 Yet other studies show frequent discordance with poly-
somnogram, particularly when identifying hypopneas and central
events that may arise after treatment initiation.31–33 This has led to
a call for evaluating the role of CPAP downloads and the practice
of titrating CPAP to reduce AHIflow < 5 events/h (or 8 events/h in
some studies34). The availability of autotitrating CPAP machines
and reimbursement restrictions on titration polysomnograms led
to the widespread practice of using CPAP adherence and AHIflow
tracking to guide chronic OSA management. However, this
approach still has not been studied to show an effect on clinical
outcomes.34

This study aimed to use EHR data of patients with newly
diagnosed OSA who were managed using CPAP adherence and
residual AHIflow data to infer the effectiveness of this approach
on improving biometric variables, routine laboratory data, and
health care utilization. We hypothesized that the real-world
data generated during CPAP tracking system-guided care
would provide adequate data fidelity to confirm usage-
dependent and severity-of-disease-dependent improvement in
blood pressure following initiation of CPAP therapy. We pre-
dicted that these improvements from CPAP in variables above
would be seen mainly in patients meeting treatment adherence
targets as assessed by download data. Changes in body mass
index (BMI), peripheral oxygen saturation (SpO2), percentage
of glycated hemoglobin (HbA1c), serum creatinine, and health
care expenditure are also described.

METHODS

Study design
We performed a retrospective comparison of cardiometabolic
variables, laboratory data, and health care expenditures 1 year

before and 1 year after a new diagnosis of OSA and initiation of
treatment with CPAP. The study was done at University of Utah
Sleep-Wake Center, an American Academy of Sleep Medicine-
accredited sleep program within the University of Utah Health-
care System based in Salt Lake City, Utah. Reporting of data and
analyses were done per the STROBE guidelines for the reporting
of observational studies.35 The study was approved by the Uni-
versity of Utah Institutional Review Board with a waiver of indi-
vidual informed consent (IRB # 00078021).

As is done in routine sleep apnea care, the University of Utah
sleep program relies upon CPAP download data for the manage-
ment of OSA once CPAP therapy is initiated. The ATS State-
ment on CPAP Adherence Tracking Systems algorithm is
followed for addressing treatment adherence, efficacy, and mask
leak,27 but with lower residual AHI thresholds for making CPAP
adjustments or other changes. Data on positive airway pressure
therapy is entered into a custom CPAP tracking “flowsheet” cre-
ated in the EHR (Epic., Epic Systems Corporation, Verona, Wis-
consin) for capturing download data from CPAP equipment of
all patients seen since 2012 (Figure 1). CPAP adherence down-
loads are extracted from proprietary tracking systems (EncoreA-
nywhere for Philips-Respironics CPAP devices, Philips Inc.;
AirView for ResMed CPAP devices, ResMed Inc.) and entered
this flowsheet at each patient visit by sleep clinic staff.

Participants
Using the CPAP tracking flowsheet in Epic, the University of
Utah data warehouse team identified patients with OSA treated
with CPAP between December 1, 2011, and August 31, 2015. To
limit the study to only newly diagnosed adults with any usage of
CPAP therapy 3–36 months after their CPAP prescription, the
following criteria were used to include patients for analysis:

1. A sleep study billing code (polysomnography [current
procedural terminology code 95810 or 95811] or home
sleep apnea study [current procedural terminology code
95806])

2. Subsequent follow-up visit at the University of Utah
Sleep-Wake Center

3. A durable medical equipment letter for a new prescrip-
tion of CPAP within the University of Utah EHR, which
was used as the time point for initiation of CPAP.

4. Age ≥ 18 years
Patients with prior OSA diagnosis at outside facilities and

patients with previous usage of CPAP or other therapies for
OSAwere excluded. Patients were also excluded from the study
if they did not have any adherence data or AHIflow recorded by
their machine in the 3–36 months after CPAP was dispensed. A
flow diagram of the algorithm used to identify these patients is
shown in Figure 2.

An AHI ≥ 5 events/h was utilized for the diagnosis of OSA.36

For the majority of patients, ≥ 30% airflow reduction with 4%
oxygen desaturation (Medicare criteria) was to define hypopneas.
OSA was further categorized as mild, moderate, and severe
based on AHI with patients with AHI of 5–14.9 events/h deemed
mild, AHI of 15–29.9 events/h as moderate, and AHI of ≥ 30
events/h as severe OSA.36 Patients with upper airway resistance
syndrome who received CPAP therapy were excluded.
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Data collection
Vital signs, anthropometric measurements, and laboratory val-
ues from all nonemergency clinic visits with the University of
Utah Healthcare System were extracted from the University of
Utah Enterprise data warehouse for up to a year before and year
after CPAP initiation. Emergency Department visit data were
excluded because of concerns that patients’ assessments would
be affected by acute illness and therefore not reflect the effects
of OSA or its treatment.37 The date of CPAP durable medical
equipment prescription was used as the start date of CPAP treat-
ment. Posttreatment values obtained 1 year ± 3 months after the
start date of CPAP were averaged to accommodate for varia-
tions in yearly follow-up timing. The mean nightly CPAP usage
for all available adherence downloads (most often summarizing
90 days) was used as an estimate for CPAP adherence through-
out the entire period from CPAP initiation to 15 months after.

Health care utilization measures (emergency department
visits and hospitalizations across the University of Utah Health-
care System) were determined using clinical encounter infor-
mation and current procedural terminology codes. Total health
care charges included medical and pharmacy charges shown in
2015 dollars, with correction for inflation across years of study
using the consumer price index for medical care.38 Both health
care utilization and charges were tabulated for the 12 months
before and 12 months after the durable medical equipment letter
receipt.

Statistical analysis
Median, interquartile range, and proportion were used to sum-
marize the baseline data, which were generally nonnormally
distributed. Comparisons were performed for each patient who
had data available before and after the initiation of CPAP ther-
apy. Mean and standard deviation were used to summarize pre-
CPAP to post-CPAP comparisons, as the magnitude of changes
followed a normal distribution.

Patients were categorized as meeting adequacy of treatment
targets if they had 4 or more hours of nightly usage on available
downloads (with no minimum requirement for the number of
downloads) and an average machine-measured AHIflow of less
than 5 events/h while on treatment. We chose the average hours
of CPAP usage given that hours of CPAP usage correlates with
many outcomes ranging from mortality12 to daytime levels of
sleepiness.7 Mask leak was also assessed at all clinic visits but
was not systematically recorded and thus was not included in
this analysis as an adequacy target. These criteria mirror the
2013 statement on remote adherence tracking,27 but with a
more stringent AHIflow target of ≤ 5 events/h.

Subgroup analyses were performed by OSA severity (strati-
fied by diagnostic AHI of mild 5–15 events/h, moderate 15–30
events/h, severe 30+ events/h) and nightly CPAP usage (strati-
fied by 0–3 h/night mean, 3–6 h/night mean, and 6+ hours
nightly) to investigate threshold effects. Significance testing of
pre-post and between-group comparisons of blood pressure

Figure 1—A sample of CPAP-adherence tracking flowsheet from electronic health record within University of Utah sleep
clinics.

AHI = apnea-hypopnea index, CPAP = continuous positive airway pressure, LPMs = leak per minute, SWC = (University of Utah) Sleep-Wake Center.
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changes was performed with paired and unpaired t-tests, respec-
tively. Hypothesis testing was not performed for secondary
analyses. Stata statistical package (version 14.2) and Python 3.0
were used to perform statistical calculations.

RESULTS

Nine hundred seventy-six eligible patients were identified as
having newly diagnosed OSA with any usage of CPAP 3
months after prescription. Baseline characteristics of these
patients are shown in Table 1. All patients had baseline vital
signs and anthropomorphic data, but only 20.2% of patients had
HbA1c (n = 197) and 41.2% had serum creatinine (n = 401)

measurements from the year preceding the start of CPAP.
Patients with severe OSA were more likely to have HbA1c
information (23.5% severe; 17.6% mild). Of patients with val-
ues available prior to CPAP initiation, 9.2% had mean creati-
nine over 1.3 mg/dL and 28.9% had HbA1c over 6.5%. A slight
male preponderance was seen, with most patients being middle-
aged and obese (67.8%with BMI≥ 30 kg/m2). Mean diagnostic
AHI was 33.2 events/h (interquartile range 12.0–45.3 events/h),
with 291 patients having mild OSA, 293 with moderate OSA,
and 392 with severe OSA. Patients with severe OSA were more
likely to be male (67.1%) and more obese (median BMI 35.4
kg/m2) than patients with mild OSA (45% male, mean BMI
31.3 kg/m2). Other measured variables did not vary by OSA
severity.

Figure 2— A flow diagram demonstrating the rules for identifying patients with the inclusion and exclusion criteria.

Pa�ents included in analysis (n=977)

Age ≥ 18 and DME le�er or order prescribing CPAP 
between Dec 2011 and Aug 2015 (n=4691)

Upper airway resistance syndrome, AHI < 5 (n=103)

Order cancelled, follow-up with providers outside of our 
health system, or no adherence documented in the 3-36 
month �me period (n=2605)

Diagnos�c tes�ng (PSG or HSAT) occurred more than 6 
month prior to CPAP prescrip�on (n=198)

Previously diagnosed sleep disordered breathing and 
following with sleep-center providers (n=596)

Previously diagnosed obstruc�ve sleep apnea where 
tes�ng was not available (n=213)

Mee�ng treatment targets?
4h+ nightly usage on available downloads•

• Average AHIflow ≤ 5

Yes: Mee�ng 
treatment targets 
(n=598)

No: Not mee�ng 
treatment targets 
(n=375)

AHI = apnea-hypopnea index, AHIflow = estimate of on-treatment AHI generated by continuous positive airway pressure systems, DME = durable medical
equipment, HSAT = home sleep apnea testing, PSG = polysomnogram.
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Six hundred eighty patients had blood pressure (BP) meas-
urements in both the year prior and at 1 year ± 3 months post-
CPAP initiation. Each patient averaged 6.1 BP measurements
before CPAP initiation and 3.5 BP measurements during CPAP
therapy during the study period. Patients (n = 296) who did not
have both pre-CPAP and post-CPAP blood pressure measure-
ments were slightly younger (median age 54 vs 55 years). They
did not differ in OSA severity or likelihood of meeting treat-
ment targets (Table S5 in the supplemental material). Pre- and
post-measurements were available for BMI (n = 675) and SpO2

(n = 625) in the majority, but only limited numbers of patients
had both pre- and post-laboratory assessments (serum creati-
nine n = 109; HbA1c n = 47 of which 23 had at least 1 HbA1c
above 6.5%). Table S2 and Table S3 in the supplemental mate-
rial summarize the number of measurements available for each
outcome.

The mean nightly CPAP usage was 5.40 hours as extrapolated
from a mean of 1.91 adherence downloads per patient, each usu-
ally summarizing 90 days. Four hundred fifty-eight (46.9%) of
patients used CPAP for more than 6 hours, 38.2% (n = 373) used
between 3 and 6 hours, and 14.9% (n = 145) used fewer than 3
hours per night. Median residual AHIflow was 2 (interquartile
range 1–4.3) events/h. Four hundred five patients used autotitrat-
ing PAP, and 571 were on fixed pressure CPAP.

Five hundred ninety-eight of 976 (61.2%) patients met treat-
ment goals as defined by more than 4 hours of nightly usage on
available downloads and an AHIflow < 5 events/min. The pro-
portion of patients meeting treatment goals did not vary by
severity of OSA (Table S1 in the supplemental material).

After 1 year of treatment with CPAP, mean systolic BP
(SBP) decreased from 128.4 ± 13.3 mm Hg to 127.2 ± 13.7 mm
Hg (95% confidence interval [CI] of change20.25 to22.2 mm
Hg, P = .01) and mean diastolic BP decreased from 76.8 to 75.8
mm Hg (95% CI 20.38 to 21.6 mm Hg, P < .01) (n = 680;
Table 2).

Among patients meeting treatment adequacy targets, the
mean change in SBP from the year prior to the year after CPAP
initiation measurements was 21.35 mm Hg (95% CI 22.7 to
20.02 mm Hg, n = 405) compared with 21.04 mm Hg

(CI22.46 to 0.38 mm Hg, n = 275) among patients not meeting
targets. Similar decreases in diastolic BP were seen, with mean
change in those meeting goals of 21.37 mm Hg (CI 22.22 to
20.53 mm Hg) and not meeting goals of 20.49 mm Hg
(CI 21.43 to 0.45 mm Hg). No statistically significant differ-
ence was found between the amount of BP reduction in patients
meeting adherence targets compared to those who did not (dif-
ference in reduction between groups of SBP: 20.32 mm Hg,
95% CI22.33 to 1.69 mm Hg, P = .75 and diastolic BP:20.88
mmHg, 95% CI22.17 to 0.40 mm Hg, P = .17).

There was an increase in mean SpO2 from 94.68 to 95.01%
(95% CI of difference 0.18–0.48%). SpO2 improved in patients
who both met goals and those who did not (meeting goals:
0.33%, CI 0.14–0.53%, n = 375; not meeting goals 0.33%, CI
0.10–0.55%, n = 250). We did not find evidence of a change in
mean BMI (n = 675) following initiation of CPAP therapy,
either in the entire cohort or among subgroups meeting treat-
ment adequacy targets. Analyses of serum creatinine (n = 109)
and HbA1c (n = 47) were severely limited by missing data
(Table S2, Table S3, and Table S6 in the supplemental
material).

Subgroup analyses by average nightly adherence (< 3 hours,
3–6 hours, 6+ hours nightly; Table 3) and OSA severity (mild,
moderate, and severe; Table 4) all showed decreases in mean
systolic and diastolic blood pressure that may be the result of
chance and did not provide clear evidence of a threshold effect.
The increase in mean SpO2 was consistently demonstrated
across disease severity and adherence subgroups.

Healthcare utilization, as measured by the number of emer-
gency department visits and inpatient admissions (mean 0.22
per year to 0.53 per year, 95% CI of difference 0.21 to 0.41
more visits per year after initiation) and total health care
charges (mean $3,997/year to $8,986/year, 95% CI of differ-
ence $2816/y to $7124/y greater after CPAP initiation)
increased in the year after initiation of CPAP compared to the
year prior. This increase was seen in patients both meeting
treatment targets (0.21 to 0.50 visits per year and $4,083/year to
$8,563/year) and not meeting treatment targets (0.24 to 0.57
visits per year and $3,861/year to $9,660/year). Still, there were

Table 1—Patient characteristics averaged over the year before time of diagnosis by OSA severity based on AHI.

All OSA Patients
(n = 976, 100%)

Mild OSA
(n = 291, 30%)

Moderate OSA
(n = 293, 30%)

Severe OSA
(n = 392, 40%)

Age (years) 55.0 [44.0, 65.0], n = 976 55.0 [43.0, 54.0], n = 291 55.0 [45.0, 65.0], n = 293 56.0 [44.0, 65.0], n = 392

% Male 56.6 45.4 53.6 67.1

BMI (kg/m2) 33.4 [28.8, 38.7], n = 960 31.3 [28.0, 36.9], n = 287 32.9 [28.4, 38.1], n = 287 35.4 [30.1, 41.0], n = 386

SBP (mmHg) 128.0 [120.0, 136.5], n = 972 127.1 [118.1, 135.0], n = 290 126.7 [119.4, 135.3], n = 292 128.0 [120.0, 136.5], n = 390

DBP (mmHg) 77.5 [71.6, 82.5], n = 972 77.0 [70.7, 82.2], n = 290 77.5 [71.8, 82.0], n = 292 78.3 [72.3, 83.7], n = 390

SpO2 (%) 95.0 [93.8, 96.0], n = 965 95.3 [94.0, 96.7], n = 289 95.0 [94.0, 96.0], n = 289 94.8 [93.3, 95.9], n = 387

Data are presented as median [IQR] unless otherwise indicated. Mild OSA = AHI of 5–14.9 events/h, moderate OSA = AHI of 15–29.9 events/h, and severe
OSA = AHI of ≥ 30 events/h. The number of patients (n) with a given value record in the electronic health record for the year prior to starting CPAP is listed
in parentheses. For patients with multiple values in the year prior to starting CPAP, the mean value was used. AHI = apnea-hypopnea index, BMI = body mass
index, CPAP = continuous positive airway pressure, DBP = diastolic blood pressure, IQR = interquartile range, OSA = obstructive sleep apnea, SBP = systolic
blood pressure, SpO2 = peripheral oxygen saturation.
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no significant differences when comparing the health care utili-
zation between these 2 groups. The increase in health care
expenditure was consistent among all different durations of
CPAP usage and whether patients met treatment adequacy
targets.

DISCUSSION

This study characterizes changes in certain EHR-derived out-
comes within 1 year of CPAP therapy guided by adherence and
AHIflow tracking data. Most notably, improvements in blood
pressure occurred after initiation of CPAP (mean decrease of
systolic 1.23 mm Hg and diastolic 1.01 mm Hg), with no statis-
tically significant difference in the magnitude of improvement
between the group that met adherence targets and the group that
did not. Improvement in daytime peripheral oxygenation (mean
increase 0.3%) was also notable, but this may be caused by fac-
tors other than CPAP usage, given the improvements occurred
identically in patients meeting treatment targets and those who
did not. In contrast to prior studies demonstrating weight
gain,39 we did not find evidence for a change in weight after
patients started CPAP. An unexpected increase in health care

utilization, as measured by acute care visits and overall charges
within the University of Utah Health system, was also found
within the first year of CPAP initiation.

Our study is among the first to address the consequences of
utilizing CPAP tracking downloads during routine care of
patients with OSA. Despite the widespread adoption of adher-
ence tracking guided algorithms due to presumed clinical effec-
tiveness, there have not been studies that have validated the
clinical utility of this approach to improve patient outcomes.

Our real-world dataset showed modest improvement in SBP
and diastolic BP with the initiation of CPAP treatment, consis-
tent with a lesser degree of antihypertensive effect compared
with the efficacy estimates from prior randomized-controlled
trials40,41 and metanalyses.18 Patients who both met adherence
and physiology normalization targets had larger improvements
in SBP (0.31 mm Hg) and diastolic BP (0.88 mm Hg) that were
not statistically different from patients who did not meet those
targets. This finding does not allow for inferences supporting
the effectiveness of the ATS remote-tracking algorithm. How-
ever, this study utilized a convenience sample and is likely
under-powered to test the between-group difference. Also,
patients who continued to use CPAP but missed sleep clinic vis-
its would potentially be misclassified as not meeting adherence

Table 3—Cardiometabolic parameters before and after initiation of CPAP, stratified by mean nightly usage.

0–3 Hours 3–6 Hours >6 Hours

n Prior to CPAP After CPAP n Prior to CPAP After CPAP n Prior to CPAP After CPAP

SBP, mmHg 112 125.5 [117.7, 113.9] 125.3 [115.1, 135.9] 257 127.4 [121.9, 137.8] 127.0 [118.3, 136.3] 311 128.5 [118.8, 135.7] 125.7 [118.0, 134.2]

DBP, mmHg 112 77.8 [73.1, 82.3] 78.3 [70.9, 83.4] 257 77.3 [71.0, 82.3] 76.3 [70.0, 82.0] 311 76.7 [70.8, 81.3] 75.0 [70.0–80.0]

SpO2, % 99 95.0 [93.8, 96.0] 95.4 [93.4, 96.8] 236 95.0 [93.5, 96.0] 95.0 [94.0, 96.0] 290 94.8 [93.3, 96.0] 95.0 [94.0, 96.0]

BMI, kg/m2 109 34.4 [29.1, 40.9] 34.2 [28.8, 40.0] 252 33.5 [28.7, 38.3] 33.2 [28.7, 38.3] 314 33.7 [29.1, 38.3] 34.0 [29.5, 39.4]

Data are presented as median [IQR] unless otherwise indicated. Comparison of average values from the 12 months prior to CPAP initiation and 1 year
(±3 months) after CPAP initiation for each strata of mean CPAP adherence based on hours of CPAP usage. CPAP adherence was determined by
extrapolating from all available CPAP machine downloads. BMI = body mass index, CPAP = continuous positive airway pressure, DBP = diastolic blood
pressure, IQR = interquartile range, SBP = systolic blood pressure, SpO2 = peripheral oxygen saturation.

Table 4—Cardiometabolic outcomes before and after CPAP, with stratification by severity of OSA.

Mild OSA Moderate OSA Severe OSA

n Before CPAP After CPAP n Before CPAP After CPAP n Before CPAP After CPAP

SBP, mmHg 205 127.5
[119.4, 135.5]

124.0
[117.0, 134.7]

203 126.0
[118.8, 134.2]

125.5
[116.8, 134.0]

272 129.0
[121.8, 138.1]

128.0
[119.0, 136.5]

DBP, mmHg 205 77.0
[70.4, 81.3]

76.0
[68.5, 81.7]

203 77.0
[71.1, 82.0]

75.9
[70.0, 81.8]

272 77.5
[71.4, 83.0]

76.0
[71.0, 82.0]

SpO2, % 186 95.0
[93.8, 96.4]

95.5
[94.0, 96.8]

188 95.0
[93.8, 96.0]

95.0
[94.0, 96.0]

251 94.5
[93.0, 95.9]

95.0
[93.3, 96.0]

BMI, kg/m2 207 31.3
[28.2, 37.2]

31.2
[28.0, 37.1]

197 33.0
[28.9, 38.3]

32.9
[29.1, 37.6]

271 36.0
[30.3, 41.5]

35.8
[30.0, 40.7]

Data are presented as median [IQR] unless otherwise indicated. Comparison of average values from the 12 months prior to CPAP initiation and 1 year
(±3 months) after CPAP initiation for each stratum of severity of OSA. BMI = body mass index, DBP = diastolic blood pressure, OSA = obstructive sleep
apnea, SBP = systolic blood pressure, SpO2 = peripheral oxygen saturation.
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targets, which would bias results toward the null. Lastly, mod-
erate adherence that does not meet the ATS criteria may still
result in some antihypertensive effect.

The increase in health care utilization is unexpected and
occurred in both examined metrics: mean number of acute care
visits (emergency department visits and inpatient hospitaliza-
tions) and mean total charges. These increases were consistent
across most strata of adherence, as well as among patients meet-
ing treatment targets and those who did not. Prior research in
Medicare beneficiaries suggests that comorbidity-matched
patients with untreated OSA have higher health care utilization
than their treated counterparts,8 health care utilization is high in
the 2 months preceding diagnosis,42 and partial adherence and
full adherence had a divergent relationship to health care
charges.42 Similarly, a large health system in the southeastern
United States also stratified patients by CPAP adherence and
found a negative association between CPAP usage and acute
care visits after diagnosis with OSA.43 One explanation for this
study’s discordant findings may be that patients shifted care to
our health system from patients who previously received care
elsewhere (health-system patient flux discussed further in the
supplemental material). Alternatively, unrelated increases in
costs and utilization may occur if sleep evaluation referrals
were done in anticipation of an elective procedure, such as bar-
iatric or joint replacement surgery.

A key limitation of our retrospective, within-subjects obser-
vational design is an inability to extract potential confounders
that could plausibly strongly influence measured outcomes,
such as contemporaneous medication changes (particularly
antihypertensive medications), bariatric surgery, or other dis-
ease management interventions. To address this, we performed
separate analyses for patients meeting treatment targets and
those who did not. Suppose effective CPAP treatment (mea-
sured by adherence) leads to normalized physiology (measured
by AHIflow) that mediates improvements in outcomes. In that
case, improvements should not be seen in patients who do not
meet these targets (a concept known as a falsification end-
point44). Except for SpO2, the remaining analyses demonstrated
95% CIs, including the null among patients who did not meet
treatment adequacy targets. While increases in SpO2 following
CPAP initiation have been seen in randomized trials,45 the
improvement in both groups in this study suggests it may be the
result of confounders, such as the addition of supplemental oxy-
gen, which we were not able to assess in our dataset.

While a contemporaneous control group not utilizing remote
tracking for optimizing CPAP therapy would have strengthened
this analysis, the widespread adoption of tracking into current
systems of health care makes a direct comparison of these 2
management strategies difficult now. Another limitation of our
methodology is a slight deviation from the ATS guidance state-
ment on CPAP tracking27 in targeting an AHIflow of 5 events/h,
not 10 events/h. Additionally, the ATS guidance statement rec-
ommends assessment and adjustment of treatment based on the
severity of air leak, in addition to mean nightly adherence and
residual AHIflow. Air leak is assessed during every sleep clinic
visit within the University of Utah sleep program. Increased air
leak triggers a mask-fitting visit with an on-site sleep

technologist. However, information on air leak was not reliably
recorded, and we could not present descriptive data of the fre-
quency of mask adjustments. Finally, due to the methodology
we used for identifying patients (Figure 2), we do not have
information on patients prescribed CPAP that either never
attempted or ceased attempts at CPAP use prior to 3 months
after prescription.

A principal concern arising from the usage of EHR-based
data is the potential for informed presence bias, which results
from patients with values recorded in the EHR being systemati-
cally different from those with no value recorded.46 For exam-
ple, in this cohort, only a minority of patients had an HbA1c
drawn because that test is preferentially ordered on patients
with a clinical suspicion for undiagnosed or uncontrolled diabe-
tes. Those patients likely have higher HbA1c values than
the rest of the sample population who did not warrant that
test.47 The potential for informed presence bias is greater on
laboratory outcomes than on vital sign assessments, which are
routinely obtained at each visit regardless of the presence
of a specific clinical question. Data missingness was particu-
larly problematic for laboratory-based outcomes, which
should be considered when designing future investigations of
the real-world effectiveness of sleep-disordered breathing
treatments.

Strengths of the current study include the relatively high
adherence (mean 5.4 hours of nightly usage) that may accu-
rately reflect expected long-term usage from those who begin
treatment.48 By utilizing a simple search strategy to identify
patients newly diagnosed with OSA with minimal exclusion
criteria, we were able to generate real-world data reflecting cur-
rent practice patterns and thus provide a very close approxima-
tion of the actual effect of CPAP treatment in usual care after
the diagnosis of OSA.

CPAP therapy for OSA is uniquely positioned among
chronic disease treatments to pioneer real-world data generation
and usage for research given the high prevalence of OSA and
the availability of remote monitoring technology with every
CPAP prescription.28 Given the low cost of this methodology,
future studies could be powered to explore the effect of CPAP
on subgroups or multiple other variables of interest, such as
patient-reported outcome measures that are now being collected
at many sleep centers.49 Non-AHI markers of OSA phenotype
such as nocturnal hypoxia, frequency of arousals, and the pres-
ence of sleepiness50 would also be of particular interest for fur-
ther investigation, as they may lead to heterogeneity of CPAP
treatment effects.21,28

In summary, we utilize EHRs and financial data to evaluate
the effectiveness of adherence tracking system-guided CPAP in
routine use. We find a modest improvement in blood pressure,
with no statistically significant difference in the magnitude of
improvement between patients meeting treatment targets within
a year of CPAP initiation. SpO2 also improved after CPAP
initiation, although with less convincing evidence that CPAP
treatment mediates the effect. These findings should inform
providers’ estimates about the real-world effectiveness of
CPAP, but prompt further investigation into whether the current
treatment adequacy targets improve clinical end points. Lastly,
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it should motivate future research to fulfill the promise
of CPAP-remote tracking as a model for chronic disease
care by utilizing clinical data sources to establish real-world
effectiveness.

ABBREVIATIONS

AHI, apnea-hypopnea index
AHIflow, residual apnea-hypopnea index as measured by a PAP

adherence tracking device
ATS, American Thoracic Society
BMI, body mass index
BP, blood pressure
CI, confidence interval
CPAP, continuous positive airway pressure
EHR, electronic health record
HbA1c, percentage of glycated hemoglobin
OSA, obstructive sleep apnea
SBP, systolic blood pressure
SpO2, peripheral oxygen saturation
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