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Study Objectives: Lowertherapeutic positive airway pressure (PAP) levels are associated withimproved response to non-PAP therapies in the treatment of obstructive
sleep apnea. The aim of this study was to evaluate the prevailing notion that patients with apnea-predominant obstructive sleep apnea require higher therapeutic PAP
levels compared to patients with hypopnea-predominant obstructive sleep apnea.

Methods: An institutional review board—approved retrospective review was performed using strict inclusion criteria: presence of type | or Il sleep study, apnea-
hypopnea index > 10 events/h, and adherence to auto-adjusting continuous positive airway pressure. Patients were stratified by apnea (> 50% apneas) or hypopnea
(= 50% apneas) predominance, and PAP data were compared. Statistical analyses were performed using Student’s ¢ test and linear regression modeling.
Results: Between January 1,2018 and January 1, 2020, 500 patients metinclusion criteria. Two hundred twenty-one (44.1%) patients were apnea-predominant and
279 (55.8%) were hypopnea-predominant. Apnea-predominant patients had a slightly greater mean PAP (9.01vs 8.36, P=.002) than hypopnea-predominant patients.
Univariable and multivariable linear regression of 7 variables (obstructive apnea percentage, age, sex, body mass index, apnea-hypopnea index, O, nadir, mask type)
showed obstructive apnea percentage was the weakest predictor of therapeutic PAP levels.

Conclusions: Apnea-predominant individuals demonstrated a clinically insignificant difference in PAP level compared to hypopnea-predominant individuals;
moreover, obstructive apnea percentage was nota strong predictor of therapeutic PAP levels. Of the modeled variables, the strongest predictor of PAP level was apnea-
hypopnea index. Further studies are needed to explore these relationships as well as additional variables that may contribute to predicting therapeutic PAP levels.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Differences in therapeutic positive airway pressure (PAP) levels are associated with response to PAP-alternative therapies for
the treatment of obstructive sleep apnea. The aim of this study was to evaluate whether apnea/hypopnea predominance is a predictor of therapeutic PAP levels.
Study Impact: Our findings demonstrated that apnea-predominant individuals bear a clinically insignificant difference in PAP level compared to hypopnea-
predominant individuals, with regression modeling showing obstructive apnea percentage to be a very weak contributor to predicting therapeutic PAP. These
findings challenge the conceptual paradigm of apneas as a more severe physiologic form of obstruction and warrant further exploration into the driving factors of
therapeutic PAP levels. An understanding of these variables will allow optimal patient selection for alternatives to PAP therapy.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep-related breathing disor-
derthat affects over 25 million Americans." Positive airway pres-
sure (PAP) devices are considered first-line therapy for treatment
of OSA; however, adherence to therapy ranges from 23% to
80%.>* Patients who do not tolerate PAP have a variety of
second-line therapies, including positional sleep devices, man-
dibular advancement devices (MAD), and surgical interven-
tions.* Unfortunately, second-line therapies are not effective in
all OSA patients, with success rates ranging between 30% and
82%.°7'% There is a continuing need to determine patient-
specific factors that may be predictive of therapeutic success
among the different PAP-alternative therapies in order to better
guide treatment decisions.
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One area of interest is the use of evidence from PAP therapy
itself to guide PAP-alternative therapies. Lower therapeutic
PAP levels have been associated with improved response rates
among PAP-alternative therapies, including MAD and upper air-
way stimulation surgery.'""'? The mechanism for the ability of
therapeutic PAP to predict such responses likely relates to its
direct relationship with the severity of upper airway collapsibil-
ity."? In other words, patients with higher therapeutic PAP levels
have more collapsible upper airways, making treatment with PAP
alternatives less effective.

However, not all patients considering PAP-alternative thera-
pies will be able to have PAP data, given that they, by definition,
have difficulty using PAP. Measurements of upper airway col-
lapsibility are also difficult and cumbersome to perform. In this
way, determining patient-derived factors as a correlate to upper
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airway collapsibility may be helpful in guiding PAP-alternative
treatments when accurate PAP data cannot be obtained.

OSA is defined by the frequency of obstructive respiratory
events that occur during sleep reported as a combination of
complete obstructive events called apneas and partial obstructive
events called hypopneas. Both events are included in the
apnea-hypopnea index (AHI), the major OSA disease-defining
metric."* However, because apneas are caused by complete
cessation of airflow, they are commonly described as a more
severe form of upper airway collapse than hypopneas. Ifa greater
proportion of apneas is associated with more significant upper
airway collapsibility, then apnea-predominant OSA should be
associated with greater therapeutic PAP requirements.

Currently, there are no studies in the literature comparing
apnea or hypopnea predominance to therapeutic PAP levels.
The aim of this study is to evaluate apnea vs hypopnea predomi-
nanceinalarge sample population of OSA patientsreceiving PAP
therapy to determine if there are differences in therapeutic PAP
levels between these groups. We hypothesize that among OSA
patients being treated with an auto-adjusting continuous positive
airway pressure (aPAP) device, those who are apnea-
predominant will require a greater mean PAP level than those
who are hypopnea-predominant. The second aim of this study
was to determine other variables that may be predictive of PAP
levels in univariable and multivariable linear regression models.
We hypothesized that obstructive apnea (OA) percentage as well
as 6 additional variables (age, sex, body mass index [BMI], AHI,
0O, nadir, and mask type) will contribute significantly to predict-
ing therapeutic PAP levels in linear regression modeling.

METHODS

Participants

The study is a retrospective cohort study performed at a single
institution. Patients evaluated between January 1, 2018 and Jan-
uary 1, 2020 at the University of Pennsylvania Sleep Center
who were diagnosed with OSA and prescribed an aPAP were
included. Inclusion criteria were as follows: all patients 18 years
or older who were diagnosed with OSA by a sleep study per-
formed at the University of Pennsylvania and treated with an
aPAP with initial 90-day follow-up adherence data. To ensure
consistent treatment data, only 1 type of aPAP machine was stud-
ied, the DreamStation Auto-CPAP Machine (Philips Respir-
onics, Murrysville, PA). Exclusion criteria were as follows:
baseline AHI <10 events/h, greater than 25% central apneic
events per hour, no follow up aPAP adherence data, or nonadher-
ence on follow-up with adherence being defined as greater than 4
hours of nightly use, 70% of nights. The central sleep apnea index
was calculated as the total number of central events divided by
sleep time and the central sleep apnea percent was calculated by
dividing this by the total AHI.

Procedures and data collection

Patient demographics, physical exam information (age, sex,
BMI, neck circumference), and baseline sleep study reports
were obtained from the electronic medical record (Epic; Epic
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Systems Corporationin Verona, WI). Type I (including splitnight
studies) and type III polysomnography studies were included in
the analysis. The following data variables were extracted from
the sleep studies: study type, AHI, oxygen desaturation index,
and percent oxygen desaturation nadir. All sleep studies were per-
formed at the same institution and scored based on the American
Academy of Sleep Medicine 2007 guidelines.'* Hypopneas were
defined as areduction of flow >30% associated with a4% oxygen
desaturation. Patients whose AHI consisted of greater than 50%
obstructive apneas were considered apnea-predominant and
those with less than or equal to 50% apneas were considered
hypopnea-predominant. Adherence monitoring was performed
through a secured adherence monitoring software (EncoreAny-
where) provided by Philips Respironics. The following data var-
iables were obtained from EncoreAnywhere: days aPAP used,
average daily aPAP use, mean PAP, PAP > 90% of the time,
peak pressure, and mask type. Mean PAP was our primary out-
come variable. Adherence was based on the best 30 days of adher-
ence in the initial 90 days of receiving the device (see manual of
procedures in the supplemental material).

Statistical analysis

Continuous variables are reported as means and standard devia-
tions or medians and ranges, as appropriate, and categorical var-
iables using frequencies and percentages. Unadjusted
comparisons between groups used parametric ¢ tests or nonpara-
metric Wilcoxon tests for continuous data and chi-square or Fish-
er’s exact tests for categorical data. Statistical significance of the
data is based on a P value of <.05.

Univariate linear regression modeling was performed compar-
ing mean PAP level to obstructive apnea (OA) percentage, a con-
tinuous variable calculated by dividing the obstructive apnea
index by the total AHI, as well as 6 other variables: age, sex,
BMI, total AHI, oxygen nadir, and mask type. These variables
were chosen based on completeness of data as well as prior liter-
ature showing association with PAP therapy.'*'>'® Multivari-
able linear regression was used comparing OA percentage
along with these 6 additional metrics to generate a model for pre-
dicting mean PAP levels. Beta coefficients with 95% confidence
intervals are reported along with Pearson’s R correlation coeffi-
cient. The multivariable model also reports a standardized beta
that is calculated from standard deviation to allow comparisons
among the individual variables. Statistical significance of the
model variablesisbased ona Pvalue of<.05. To evaluate for mul-
ticollinearity in the multivariable linear regression, tolerance and
variance inflation factors (VIF) were calculated for each variable
with VIF values < 5 considered to be minimally collinear.

Two post-hoc analyses were additionally performed. A multivar-
iable regression analysis was performed adding sleep study type to
the model to determine if it contributed to changes in mean PAP
level. Type I studies included both full overnight in-lab PSG as
well as in-lab split-night studies that were then compared to type
III studies. Mean PAP levels in nonadherent patients were also cal-
culated and compared to adherent patients to determine if PAP data
would be similar among nonadherent participants.

A sample-size calculation was performed for the primary
aim, testing the difference in therapeutic PAP levels between
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apnea- and hypopnea-predominant participants. Previous studies
have reported mean therapeutic PAP pressures among OSA
patients to be approximately 9 cm H,O (standard deviation =
1.9)."7 An a priori determination was made that a 2 cm H,O dif-
ference in effect size between the two groups would be considered
significant based on clinical experience. In order to test a 2 cm
H,O0 difference between groups, based on the significance level
(a=10.05) and power (1 — B =0.80), a total sample of 76 patients
was needed. Statistical analysis was performed using RStudio
v.1.3.1073 (RStudio, PBC, Boston, MA).

RESULTS

Participant inclusion and demographics

Between 1/1/2018 and 1/1/2020, 5,690 patients were diagnosed with
OSA and prescribed a therapeutic PAP device at the University of
Pennsylvania Sleep Center. Of these patients, 640 patients met our
inclusion criteria and received a DreamStation Auto-CPAP
Machine. One hundred forty patients were excluded because they
did not meet adherence criteria (Figure 1). Table 1 shows the aver-
age baseline demographics and aPAP download data for the 500 par-
ticipants included in our study sample. Of note, the sample
demonstrated mean PAP levels of 8.2 cm H,O and a balance of nasal
and full-face mask interfaces (48% vs 52%, respectively).

Primary outcome analysis

Table 2 compares apnea-predominant to hypopnea-predominant
patients. Two hundred and twenty-one patients (44.2%) were con-
sidered apnea-predominant while 279 (55.8%) patients were

The AHA-PAP Study

hypopnea-predominant. The 2 groups were similar inage, neck cir-
cumference, and mask type. No differences were seen on positional
apnea rates as well as rapid eye movement sleep AHI among par-
ticipants in each group. The hypopnea-predominant group had
higher BMI and had a greater proportion of women, while the
apnea-predominant group had greater total AHI and lower oxygen
nadir values. The apnea-predominant group had a mean PAP level
of 9.01 cm H,O, while the hypopnea-predominant group had a
mean PAP level of 8.36 cm H,O (P =.002).

Secondary outcome analysis

The unadjusted univariate linear regression analysis is shown in
Table 3. All 7 variables were significantly correlated with
mean aPAP levels with AHI having the greatest correlation (» =
.51, P<.001) (Figure 2). The multivariable regression modeling
results are shown in Table 4. The overall model showed a strong
correlation to mean PAP level (= .62, P <.001). Similar to the
univariate comparisons, the strongest contributor to the multivar-
iable model was the patient’s AHI with a standardized beta of
0.32. BMI, oxygen nadir, and mask type were moderate contrib-
utors to the model (0.16,—0.20,—0.18). Age, sex, and OA percent-
age weakly contributed to the model (-0.10, 0.08, 0.08).
Tolerance and variable inflation factor calculations revealed no
evidence of significant multicollinearity among the 7 variables
in the model (Table S1 in the supplemental material).

Post-hoc analysis
Post-hoc multivariable linear regression analysis with the addi-
tion of study type into the model showed no significant influence

Figure 1—Flow diagram for patient inclusion in the study.
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Table 1—Baseline demographic, sleep study, and aPAP data
among all participants (n = 500).

Characteristic Value
Age, y 53 (42-63)
Sex

Female 204 (41%)
Male 292 (59%)
BMI, kg/m? 35 (30-41)
Neck, cm* 41.9 (39.4-45.7)
AHI, events/h 28 (17-49)
ODI, events/h 25 (15-45)
0, nadir, % 78 (72-83)
Apnea, % 45 (23-68)

Mean pressure, cm H,O
Pressure > 90% time, cm H,0
Peak pressure, cm H,0

8.20 (6.90-9.90)
10.70 (9.00-12.60)
12.10 (9.90-14.12)

Mask type
Full-face mask 262 (53%)
Nasal mask 237 (47%)
Unknown 1
Study type
HSAT 248 (50%)

PSG 155 (31%)
Split-night study 97 (19%)

Statistics presented: median (IQR); n (%). *Neck circumference data were
not available in all participants. AHI = apnea-hypopnea index, aPAP = auto-
adjusting positive airway pressure, BMI = body mass index, HSAT = home
sleepapneatest, IQR =interquartile range, ODI = oxygendesaturationindex,
PSG = polysomnography.

of sleep study type in predicting mean PAP level (Table S2).
Mean PAP levels were also found to be similar (8.65 cm H,O
vs 8.68 cm H,0, P = .90) between adherent and nonadherent
groups (Table S3).

DISCUSSION

Thisstudy is the first to characterize OS A severity using therapeu-
tic PAP levels obtained from an aPAP device and to compare
apnea vs hypopnea predominance in a therapeutic context. The
results show that apnea-predominant patients have minimally
higher PAP levels than hypopnea-predominant patients. Other
notable differences between groups include: greater male
percentage, greater BMI, and greater overall AHI in the apnea-
predominant group. Possible interactions explaining these differ-
ences include sex differences in OSA, with women having lower
AHI and greater BMI compared to men, which could contribute to
sex, AHI, and BMI differences observed between apnea and
hypopnea-predominant groups.'® These findings highlight the
complex nature of OSA physiology with multiple factors
influencing disease characteristics and emphasize the need for a
multivariable approach to modeling these relationships.

Journal of Clinical Sleep Medicine, Vol. 17, No. 11
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Univariable and multivariable linear regression modeling
showed significant relationships between all variables and
mean PAP level. AHI was the strongest contributor to predicting
therapeutic PAP while OA percentage was the weakest contribu-
toramongall variables in our model. The small difference inmean
PAP level between apnea- and hypopnea-predominant partici-
pants along with the weak contribution of OA percentage in our
multivariable model imply that apnea-hypopnea predominance
does not significantly influence therapeutic PAP levels.

Ourresults are consistent with prior studies examining the rela-
tionship between apnea/hypopnea predominance to treatment
modalities. Studies have reported little difference in therapeutic
outcomes between apnea- or hypopnea-predominant participants
with respect to therapies, including tonsillectomy, mandibular
advancement devices, and upper airway stimulation.'” ' The
significance of AHI in predicting therapeutic PAP also agrees
with prior studies that have shown a positive relationship of
AHI to both therapeutic PAP and upper airway collapsibil-
ity.!*1>22 AHI is a complex trait that integrates several upper air-
way, ventilatory control, and sleep/wake mechanisms, makingita
difficult metric to interpret in terms of the individual factors that
characterize OSA.?*?* Prior to the advent of aPAP devices, sev-
eral studies demonstrated variable contributions of a variety of
demographic, anthropometric, and polysomnographic parame-
ters to determining minimally effective therapeutic PAP lev-
els.”>?® The present study extends these observations by
demonstrating that apnea/hypopnea predominance adds mini-
mally to the prediction of therapeutic PAP levels, suggesting
that instead apnea/hypopnea predominance must reflect another
aspect of upper airway collapse distinct from therapeutic PAP.

Investigators have demonstrated that the severity of upper air-
way obstruction during sleep is largely determined by pharyngeal
mechanical loads and neuromotor tone.* ' When OSA patients
breathe at atmospheric pressure, airflow obstruction can elicit
reflex neuromuscular responses that mitigate the obstruction.
We propose that apnea/hypopnea predominance reflects the
impact of airway structures and neuromuscular response mecha-
nisms. At atmospheric pressure, compensatory responses can
relieve airflow limitation to varying degrees, resulting in the par-
tial (hypopnea) vs complete (apnea) obstruction that is observed
in OSA (see Figure 3). When therapeutic PAP is applied, upper
airway obstruction resolves completely, at which point compen-
satory neuromuscular responses wane and the pharynx becomes
relatively hypotonic.>**? Therapeutic PAP effectively mini-
mizes the influence of neuromuscular activity on the otherwise
passive mechanical loads obstructing the airway. Therapeutic
PAP levels were similar in both of our patient groups, suggesting
that their upper airways, in the hypotonic state, had similar levels
of collapsibility (see Figure 3 depicting comparable levels of
flow, a surrogate for pharyngeal collapsibility, at therapeutic
PAP in both apnea- and hypopnea-predominant groups). The
diminished slope of the pressure-flow relationship in hypopneic-
vs apneic-predominant patients can therefore be attributed to the
impact of compensatory neuromuscular responses that mitigate
obstruction atatmospheric pressure (see Figure 3 showing partial
flow vs zero flow at atmospheric pressure between hypopneic-
and apneic-predominant participants). Observed differences in
apnea/hypopnea predominance and/or therapeutic PAP can fuel
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Table 2—Comparison of participants based on apnea or hypopnea predominance.
Apnea-Predominant (n = 221) Hypopnea-Predominant (n = 279) P
Age, y 52.2 (14.4) 52.5 (13.6) 794
Sex .001
Female 72 (32.6%) 132 (47.3%)
Male 149 (67.4%) 147 (52.7%)
BMI, kg/m? 34.4 (7.92) 37.7 (9.25) <.001
Neck, cm* 42.5 (5.16) 41.7 (4.14) 151
AHI, events/h 45.0 (27.8) 30.6 (22.8) <.001
REM sleep AHI, events/h** 52.6 (30.9) 471 (27.8) 193
Positional apnea** 1.000
Nonpositional 62 (45.3%) 68 (45.3%)
Positional 75 (54.7%) 82 (54.7%)
ODI, events/h 39.1 (28.7) 28.9 (22.0) <.001
0, nadir, % 75.2 (9.28) 77.6 (7.88) .002
Mean pressure, cm H,0 9.01 (2.54) 8.36 (2.14) .002
Pressure > 90% time, cm H,0 11.4 (2.89) 10.7 (2.60) .004
Peak pressure, cm H,0 12.5 (3.13) 12.0 (2.78) .039
Mask type*** 194
Full-face mask 118 (53.4%) 143 (51.8%)
Nasal mask 103 (46.6%) 133 (48.2%)
Study type .001
1 127 (57.5%) 121 (43.4%)
2 49 (22.2%) 106 (38.0%)
3 45 (20.4%) 52 (18.6%)

Categorical data are reported as counts with percent of the total sample in parenthesis, numerical data are reported as mean values with standard deviation in
parenthesis. *Neck circumference data were not available in all participants (n = 129, n = 168 for apnea-predominant and hypopnea-predominant participants,
respectively). “*REM sleep data only present among full polysomnograms (n = 80, n = 137 for apnea-predominant and hypopnea-predominant participants,
respectively). ***Sleep position data notavailable in all participants (n = 137, n= 150 for apnea-predominant and hypopnea-predominant participants, respectively).
****One hypopnea-predominant participant had an unknown mask type. AHI = apnea-hypopnea index, BMI = body mass index, ODI = oxygen desaturation index,

REM = rapid eye movement.

Table 3—Univariate linear regression comparing

mean pressure to other variables.

Beta 95% Cl R R? P
Age, y -0.04 -0.06 to —0.03 -0.27 0.07 <.001
Sex, male 0.62 0.20 to 1.0 0.13 0.02 .004
BMI, kg/m? 0.08 0.06 to 0.10 0.30 0.09 <.001
AHI, events/h 0.05 0.04 to 0.05 0.51 0.26 <.001
0, nadir, % -0.10 -0.12 to -0.08 -0.37 0.14 <.001
O0A% 0.02 0.01 to 0.03 0.22 0.05 <.001
Mask type, nasal -1.2 -1.6 to —0.81 -0.26 0.07 <.001

AHI = apnea-hypopnea index, BMI = body mass index, Cl = confidence interval, OA% = obstructive apnea percent, ODI = oxygen desaturation index.

inferences about the relative contribution of neuromuscular
response and anatomic loads, respectively, to airflow obstruction
in OSA. This parameter may have therapeutic implications in
guiding future PAP-alternative therapies that could target the
neuromuscular response mechanisms.

Journal of Clinical Sleep Medicine, Vol. 17, No. 11

The study methods exhibit several strengths. The study
included a large sample (n = 500) of patients, all using the
same aPAP device. This ensured the proprietary algorithm for
calculating PAP therapy was consistent among all patients.
All patients were treated at the same single institution and had

2175

November 1, 2021



lor on March 10, 2022. For personal use only. No other uses without permission.

Copyright 2022 American Academy of Sleep I\i?llyedl cine. All rights reserved.

Downloaded from jesm.aasm.org by Kirsten T

JLYu, Y Liu, A Tangutur, et al.

The AHA-PAP Study

Figure 2—Scatterplot diagram of mean PAP compared to AHI and OA percentage.
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Table 4—Adjusted multivariable linear regression analysis of mean pressure to other variables.

Beta 95% CI Standardized Beta* P
Age, y -0.02 -0.03 to 0.00 -0.10 011
Sex, male 0.39 0.04 to 0.75 0.08 .031
BMI, kg/m? 0.04 0.02 to 0.06 0.16 < .001
AHI, events/h 0.03 0.02 to 0.04 0.32 <.001
0, nadir, % -0.05 -0.07 to -0.03 -0.20 <.001
0A% 0.01 0.00 to 0.01 0.08 .061
Mask type, nasal -0.84 -1.2 to -0.50 -0.18 < .001

*Standardized beta values represent the regression based on z scores and allow for comparison of the relative contributions of each variable to the overall model.
AHI = apnea-hypopnea index, BMI = body mass index, Cl = confidence interval, OA% = obstructive apnea percent, ODI = oxygen desaturation index.

consistent follow-up with appropriate adherence data recorded
from a standardized online platform. All sleep studies were
flow-based, were performed at the same institution, and used
the same definition for obstructive hypopnea. Use of aPAP pro-
vides machine algorithm-based, real-world device usage as
opposed to single-night, technologist-dependent in-laboratory
titration studies. Finally, the average mean pressure reported
by the aPAP device represents therapy that was averaged over
30 nights, thereby making it less susceptible to night-to-night
variability of treatment.

Conversely, the study has ostensible limitations. The deter-
mination of OSA was based on single night type I and type I11
studies, which can be subject to night-to-night variability, and
the distribution of apneas and hypopneas may have been influ-
enced also by night-to-night variability.*® In addition, we
included both type I and type III studies, but type III studies
may underestimate the frequency of respiratory events because
they donotrecord sleep time. Hypopneas may also be underes-
timated in home sleep apnea tests (HSATs) if arousals are
included in the definition of hypopneas, which cannot be iden-
tified in an HSAT. However, our study design used

Journal of Clinical Sleep Medicine, Vol. 17, No. 11

standardized hypopnea definitions across both study types
that did not include arousals in the hypopnea definition.
From aclinical standpoint, many patients will present for eval-
uation having a history of atype 1 study, and therefore it is rel-
evant to include these patients in the study sample.
Furthermore, when study type was added to the regression
model, it was shown not to be a significant contributor to pre-
dicting mean PAP levels (Table S2).

The aPAP device used a proprietary algorithm for determining
therapeutic PAP levels. It is therefore possible that the results of
this study are related to an unknown calculation that might be arti-
ficially biasing our results. However, Philips Respironics pro-
vided detailed descriptions of their DreamStation Auto-CPAP
algorithm and it was determined that bias from the algorithm
was unlikely (a description of the algorithm provided by Philips
Respironics is available in the supplemental material).

PAP data were also gathered based on averages of the best 30
days of adherence within the initial 90-day window, because all
patients receiving PAP therapy at our institution are required to
have a follow-up at 90 days for a review of adherence, which
allowed for a standardized method to search the Encore Anywhere
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Figure 3—A pressure-flow schematic describing the role that
apnea/hypopnea predominance and therapeutic PAP may
play in determining the severity of upper airway obstruction
during sleep.
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Illustrative pressure-flow plots for a typical patient with predominant hypopneas
(dotted red) or apneas (dashed blue) during sleep. These curves intersect the
flow axis at a reduced level of flow during obstructive hypopnea or at zero flow
during complete obstructive apneas (open dots). The curves converge at the
minimally effective PAP level (the large black dot) when the flow is normal, ven-
tilation is not obstructed, and PAP is therapeutic. Our findings suggest that ther-
apeutic PAP is similar in both groups. At lower levels of PAP, progressive
degrees of airflow obstruction can elicit ever-increasing neuromuscular
responses that mitigate the obstruction. The slopes of the 2 lines are inversely
related to the strength of neuromuscular compensation in hypopneic vs apneic
patients for a given therapeutic PAP level (see arrow between the two lines).
PAP = positive airway pressure.

database. This search ultimately excluded patients who did not
initially meet adherence criteria but could have achieved adher-
ence long-term, though initial adherence period is a strong predic-
tor of long-term adherence and this excluded population is likely
to have been small.>* We were also unable to identify if patients
received additional treatment on initial prescription of PAP,
such as the use of positional therapy, nor could we determine if
any treatment changes occurred within the 90-day compliance
period. It is therefore possible that certain patients could have
changed mask types or had additional adjunct therapies within
this 90-day window that could have influenced pressure
measurements.

OSA physiology is complex with identifiable subtypes,
including positional OSA or rapid eye movement sleep—related
OSA, that could lead to differences in PAP therapy. These sub-
group analyses are beyond the scope of this study but can be ana-
lyzed in future studies. We also excluded nonadherent patients
from the initial study design out of concern that poor PAP adher-
ence may have led to unreliable pressure data. However, the non-
adherent group is clinically important because they are more
likely to have been recommended for PAP-alternative therapies.
A post-hoc analysis of PAP levels between adherent and nonad-
herent participants in our data showed comparable pressure meas-
urements (Table S3), suggesting the data may be helpful even in
nonadherent patients and can be explored in future studies. In
addition, no anatomic measurements of the upper airway or of
upper airway collapsibility were obtained from patients in this
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retrospective study, although they may be important factors for

determining relationships of anatomic load on therapeutic PAP
levels and should also be explored in future studies.

CONCLUSIONS

The results of our study show that apnea/hypopnea predominance
does not significantly influence therapeutic PAP levels, while
AHI was the strongest predictor of therapeutic PAP levels in
both univariable and multivariable modeling. These findings
challenge the conceptual paradigm of apneas as a more severe
physiologic form of obstruction, highlighting the complex inter-
play between anatomic load and neuromuscular control. Future
studies into patient-derived factors for therapeutic PAP levels
remain critical to personalizing patient selection for alternatives
to PAP therapy.

ABBREVIATIONS

AHI, apnea-hypopnea index

aPAP, auto-adjusting positive airway pressure
BMI, body mass index

OA, obstructive apnea

OSA, obstructive sleep apnea

PAP, positive airway pressure
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