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Summary

Positive airway pressure (PAP) therapy is a commonly prescribed treatment for pediatric
obstructive sleep apnea (OSA). Negative health consequences associated with untreated OSA
make understanding the utilization of PAP therapy imperative. The aim of this review was to
describe PAP use in children and adolescents with OSA, explore factors that influence use, and
describe published scientific or clinical approaches to improve use. Among 20 studies, average
PAP adherence was 56.9% (range, 24-87%). PAP use averaged 4.0 hours (SD= 3.1) to 5.2 hours
(SD= 3.4) per night. Cautious consideration of summary estimates of PAP use is necessary as
studies were heterogeneous and adherence definitions widely varied across studies. Age, sex, and
developmental delay were the only factors associated with PAP use in more than one study. The
majority of approaches to improve use were program evaluations rather than scientifically tested
interventions. This review identified critical gaps in the existing literature and sets forth a research
agenda for the future.
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Introduction

Obstructive sleep apnea (OSA) is defined as repeated episodes of complete or partial
airway obstruction [1] and is estimated to affect approximately 1-4% of children [2].
Pathophysiological presentations that contribute to the development of pediatric OSA
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typically include: hypertrophy of pharyngeal soft tissue structures, craniofacial anomalies,
neuromuscular disorders, and/or obesity [3, 4]. Nighttime symptoms can include snoring
and labored/paradoxical breathing; daytime symptoms frequently present as hyperactivity

in younger children and daytime sleepiness in older children, accompanied by issues with
attention, mood, school performance and other cognitive and neurobehavioral complications
[4]. Further, a multitude of co-morbidities are associated with untreated OSA such as
cardiovascular and metabolic complications, delays in growth, and alterations in biomarkers
of hormonal and inflammatory processes [5, 6].

While adenotonsillectomy is the primary treatment for pediatric OSA, OSA may still persist,
with residual rates ranging from 13-29% in low-risk populations and > 70% in obese and
other at-risk populations (e.g. Down syndrome) [6, 7]. Positive airway pressure (PAP) is
therefore second-line treatment for pediatric OSA. PAP therapy provides the potential for
individuals with OSA to improve or avoid serious complications of untreated OSA [6]. Early
measures of pediatric PAP use relied on parental-report. PAP devices now contain an internal
microprocessor that records the duration of time the device is powered on and at effective
pressure. PAP use, or adherence can be accurately measured and rapidly assessed as nightly
use data is automatically uploaded to a Health Insurance Portability and Accountability

Act (HIPAA)-compliant, manufacturer-specific, online server when devices are equipped
with a modem. The same data is also accessible by secure digital (SD) card, which can be
periodically downloaded to the same server source.

In the adult literature, PAP adherence is clinically defined as use = 4 hours per night on 70%
of nights for 30 consecutive days within the first 90 days of treatment [8]. Various adherence
definitions in the research literature stem from this clinical definition. In pediatrics, the
definition of PAP adherence is similarly heterogeneous. For clinical purposes, the adult
definition is used for insurance providers to cover PAP machine costs [8]. However, it

is unknown what threshold of PAP use is associated with positive outcomes in children

and adolescents and therefore, a consensus on an optimal threshold for adherence is yet

to be defined [9]. For the purposes of this review, the term “PAP use” is used to define

the utilization of PAP; the term “adherence” is used when referring to results wherein the
authors define a usage threshold, or definition of adherence, to report results.

While PAP is commonly prescribed, to our knowledge there is no comprehensive, systematic
evaluation of PAP use in children and adolescents with OSA. The objectives of this review
were: 1) to describe pediatric PAP use, 2) provide an overview of factors that influence

PAP use, 3) describe interventions or approaches to promote adherence, and 4) set forth a
research agenda to address gaps and opportunities for pediatric PAP adherence.

This systematic scoping review was conducted in accordance with the Preferred Reporting
Items for Systematic reviews and Meta-Analyses extension for scoping reviews guidelines
[10].
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Eligibility criteria

Inclusion criteria were: 1) age 0-21 years; 2) participants with OSA treated with PAP
(including continuous positive airway pressure [CPAP], bi-level positive airway pressure,
auto-titrating positive airway pressure); 3) studies reporting outcome measures of hours of
PAP use or frequency of adherence; and 4) study reported in English. Studies that met any
of the following criteria were excluded: 1) age >21 years; 2) PAP treatment for diagnoses
other than OSA,; 3) PAP treatment employed short-term (i.e., pre-surgical/not used for OSA
management); and 4) gray literature, abstracts, reviews and case studies.

Search Strategy

Database searches were conducted by two medical librarians in June 2019. Search strategies
were developed in seven databases, PubMed/Medline, PsycINFO, CINAHL, Scopus, Web of
Science, and Cochrane Library, and EMBASE. In each database, the controlled vocabularies
and keywords associated with the concepts of positive airway pressure, obstructive sleep
apnea, and pediatric were identified and combined with Boolean operators in a logic way

to construct the search syntax. Search results were limited to English language. Ancestry
search of reference lists of eligible articles and review papers was conducted to identify

any articles missed by the database searches. Complete search strategies by database are
available in the supplementary materials (Tables S1 A-G).

Study selection

Study titles and abstracts were retrieved by (KF and MQ). All retrieved articles were
screened by one reviewer (AW). Full texts of potentially eligible articles were obtained
and assessed for eligibility by two reviewers (AW and AS). Where multiple publications
described the same sample, only the article with the primary objective of reported PAP use
was included.

Data collection and quality assessment

Analysis

Data was extracted and double entered in an investigator-designed database at two

different time points by one reviewer (AW). Data extracted included: study and subject
characteristics, OSA and PAP characteristics, and PAP use data (see Tables 1-4 for specific
variables). The outcome assessment period was defined as the duration of PAP use data
collected. Factors influencing PAP use (e.g., patient characteristics, PAP device factors),
and descriptions of approaches to improve PAP use were extracted. The methodological
quality of evidence was assessed at the study level by two reviewers (AW and BS) using
the Johns Hopkins Nursing Evidence-Based Practice evidence appraisal system [11]. Any
disagreements regarding evidence ratings were discussed and if consensus was not reached,
a third reviewer (AS) was consulted.

Frequencies are reported for study, participant, and OSA/PAP characteristics. Pooled means
and standard deviations, or medians and ranges are reported for age, frequency of adherence,
and hours of PAP use. PAP use data were analyzed in four categories: PAP naive/new

PAP users (1-month), PAP naive/new PAP users (> 1-month), non-naive/existing users

Sleep Med Rev. Author manuscript; available in PMC 2022 February 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Watach et al.

Results

Page 4

(1-month), and non-naive/existing users (>1-month). In instances where average age was
reported separately for sample sub-groups (e.g., CPAP group and bi-level PAP group),
means/medians were combined if there were no significant group differences (n=7); means/
medians were not combined for three studies (p < 0.05) [12-14]. Where studies reported
both a mean and median for age, medians are reported [15, 16]. Where PAP use was
reported for “all days” and separately for “days used,” “all days” PAP use means/median
are reported [17-20]. When hours of PAP use were reported separately by PAP mode (i.e.,
CPAP, bi-level PAP) and there were no significant differences between groups, means were
pooled for the PAP use analysis [14, 21]. Data from four studies were included in both naive
1-month and naive >1-month summary statistics, as these studies reported PAP use data at
both 1-month and 3-months [21-24].

Study selection

A total of 46 studies were identified for inclusion. The literature search yielded a total of
7,067 citations. After removing duplicates, 4,928 records were screened; 4,825 did not meet
inclusion criteria and 103 full-text articles were assessed for eligibility. Fifty-seven were
excluded and 46 studies were eligible for inclusion (Figure 1).

Study characteristics

The identified studies included a total of 3,208 participants (median sample size 50 with
range 9-413); 2,216 had complete PAP use/adherence data (median sample size was 27 with
range 6 — 275; Table 1). The majority of studies were conducted in the US (54.3%, 25/46),
Australia (13%, 6/46) and France (15.2%, 7/46) with 60.9% (28/46) conducted in sleep
center settings, 19.6% (9/46) in non-sleep center settings, and 13% (6/46) mixed (sleep and
non-sleep centers). Studies were predominantly retrospective (56.5%, 26/46), longitudinal
(67.4%, 31/46), and observational (73.9%, 34/46). PAP use or adherence was the primary
outcome of interest in 39.1% (18/46) of studies.

Subject characteristics

Pooled mean was calculated for studies that reported a mean and standard deviation for

age (63%, 29/46), resulting in an average of 9.4 years (SD= 5.0) with a range of 0.7

years — 14.6 years; the range in studies reporting median age (26%, 12/46) is 0.5 years

— 16 years. Four studies could not be included in this summary due to reporting mean

ages independently for two sub-groups (e.g. CPAP and bi-level PAP, adherent and non-
adherent, typically developing and developmental delay) [12—14], or reporting only a range
of ages [25]. Seventy-four percent (34/46) of studies included children and adolescents with
developmental delays. OSA was severe in the majority of studies based on apnea hypopnea
index (AHI) or obstructive apnea hypopnea index (0AHI) = 10 (n=18, n=9, respectively;
Table 2). Seven studies reported both AHI and 0AHI; three were categorically congruent as
severe for both AHI and oAHI [12, 26, 27].
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PAP characteristics and equipment

PAP use was most frequently measured using only an objective measure (76%, 35/46; Table
2). There was variability in the definition of OSA and/or OSA criteria for study inclusion;
41.3% (19/46) reported AHI or o0AHI =1 <5, 17.4% (8/46) = 5, and 41.3% (19/46) did not
state AHI criteria for inclusion. The type of PAP mask was frequently not reported (67.4%,
31/46); of studies that did report mask type (n=15), 26.7% (4/15) reported nasal mask

only or a combination of nasal, full-face, pillows, or prongs (73.3%, 11/15). Studies with
participants on CPAP made up 41.3% of studies (19/46), 39.1% (18/46) reported data on

a combination of CPAP, bi-level PAP, or auto-PAP, 4.3% (2/46) reported only all auto-PAP
or all bi-level PAP, and 15.2% (7/46) did not specify beyond “PAP.” Fifty-percent (23/46)
enrolled participants that were new to PAP (i.e., PAP naive), 37.2% (16/46) included existing
PAP users, 10.9% (5/46) did not specify, and 4.3% (2/46) included a combination of new
and existing PAP users.

PAP Use/Adherence

Varied definitions of PAP adherence were used, providing 24 unique definitions (see Table
S2). Twenty-three studies (54.8%; 23/42) reported frequency of adherence and/or reported
hours of PAP use (71.4%, 30/42; Table 3). Four studies included in the review did not report
adherence as frequency or hours per night and were therefore excluded from Table 3 and
PAP use analyses (see Table S3). In instances where authors provided a median and range,
the minimum range value was selected for reporting in Table 3. Across 20 studies, inclusive
of 1079 participants, average adherence across study samples was 56.9% (range, 24-87).
Three studies [14, 26, 28] that reported percentage of adherence were excluded from the
analysis as only sub-sample adherence data was reported.

At one month (i.e., first month of PAP use), PAP naive participants used PAP for a pooled
mean of 4.0 hours (SD= 3.1) per night; this statistic was derived from a total of 246
participants across four studies [21-24]. PAP naive participants with > 1 month of data
averaged 4.8 hours (SD= 3.4) per night across 9 studies with a total sample size of 360

[14, 17, 21-24, 29-31]. Two studies, consisting of 41 total participants, evaluated one month
PAP use in non-naive/existing PAP users; average PAP use was 5.2 hours (SD= 3.4) per
night [32, 33]. Three studies, consisting of 73 total participants, evaluated > 1-month PAP
use in non-naive/existing PAP users; across the two studies participants averaged 5.0 hours
(SD=3.7) hours per night [19, 34, 35]. Studies that reported mean hours of use but did not
report an outcome assessment period (i.e., 1-month or > 1-month) [36, 37], reported use as
median/range or interquartile range [12, 18, 20, 28, 38-41]; samples that were purposefully
recruited as no-PAP, low-PAP, or high-PAP users [42, 43], or mean use reported for nights
used rather than all nights [44-46] were excluded from pooled analysis but included in Table
3.

Based on 1079 cumulative participants from 20 studies, PAP is adhered to by less than

60% of participants, though varying definitions of adherence per study contribute risk to the
reliability of this estimate of average pediatric PAP adherence. Further, PAP was used, on
average, 4.0 hours (SD= 3.1) to 5.2 hours (SD= 3.4) per night. Though this closely mirrors

Sleep Med Rev. Author manuscript; available in PMC 2022 February 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Watach et al. Page 6

the clinical definition of adherence by third party payers, it is not known if this amount of
PAP use is therapeutically beneficial in pediatrics.

Factors influencing PAP use

Sixteen studies examined various factors associations with PAP use (Table 4). Across 16
studies, 43 individual factors were examined; 18 of which are not included in Table 4 as they
were not significant and did not align with common categories of factors used across the
PAP adherence literature (i.e., patient characteristics, device, OSA, or family/socioeconomic
factors). Of 43 factors examined, 19 were statistically significantly associated with PAP

use or adherence, though these individual factors were not consistently significant across
multiple studies. Age was the most frequently examined patient characteristic and was
significantly associated with PAP use in 38% (5/13) of studies examining age (Table

4) with younger children using PAP more than adolescents. Sex was found to be a
significant predictor in 18.2% (2/11) of studies with females using PAP more than males
and developmental delay was found to be a significant predictor in 40% (2/5) of studies,
with those with developmental delay being more adherent. All other tested factors were not
significant in two or more studies.

Two studies not included in Table 4 used qualitative methods to identify factors related

to PAP use. These studies [32, 42] identified home and family structure, style of
communication, social reactions and attitudes, adolescent perception of PAP benefits, and
design of the machine (e.g., mask and tubing) to be influential. Other factors reported
were; importance of an adjustment period to adapt and address unique issues, perceived
barriers and challenges being more apparent than experiencing symptom relief, and amount
of family support desired being individual and based on the unique needs of adolescents.
Age, sex, and developmental delay were the only factors found to be significant across

two or more studies, however, these are not consistently identified (significant in 18.2%

- 40% of studies). Factors identified by qualitative studies should be further explored in
prospective, quantitative studies to further substantiate their influence on PAP non-adherence
in the general pediatric PAP population.

Approaches to improve PAP use and adherence

A small number of studies included in this review described approaches to improve PAP
use in the form of programmatic changes [16, 46, 47] or systematic testing of interventions
[43, 48]. Descriptions of the approaches are detailed in Table S4. Reported programmatic
changes were reported as effective at improving adherence with 33-43% of the samples
improving PAP use [16, 47], or increasing rates of follow-up visits and completed PAP
titrations with 24% reporting “excellent” adherence [46].

Two small pilot studies with modest sample sizes systematically tested PAP interventions
[43, 48]. When three groups were compared, 1) formal behavioral therapy 6-week session,
2) one 1.5 hour consultation session and parent-reported implementation of changes at
home, and 3) one 1.5 hour consultation and parent reported no implementation at home,
the only significant difference for PAP adherence post-treatment (average of 25.7 months)
was identified between home implementation groups, with those that implemented changes

Sleep Med Rev. Author manuscript; available in PMC 2022 February 16.
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being more adherent (p<0.05) [48]. Another study identified that by having non-adherent
children log days they did and did not use their PAP on a calendar resulted in a significant
improvement in hours of PAP used from 1-week to 1-month (1 hour + 33 minutes, 4 hours £
31 minutes, respectively; p < 0.001).

Evidence appraisal

Using the Johns Hopkins appraisal system [11], studies were: Level 1 study (n = 4), Level 2
(n=7), Level 3 (n=233), Level 4 (n =0), and Level 5 (n = 2). Study quality ratings were of
high quality (n = 3), good quality (n = 27), or low quality (n = 16; Table S5).

Discussion

The scoping review addressed the state of the science for pediatric PAP use in the
management of OSA, factors influencing PAP use, and described approaches that promote
PAP use. This review is the first to cumulatively evaluate PAP use in pediatrics. The
pediatric PAP literature lacks both high level and quality evidence and is heterogeneous for
design, measurement, and reported analyses which contribute to challenges for summarizing
and comparing studies. Study heterogeneity was also noted for sample size, sampling
criteria and thereby reported characteristics (e.g., age, developmental delays, OSA severity,
new or established PAP users), and PAP modes (e.g., CPAP, bi-level PAP, auto-PAP).
Perhaps one of the largest barriers identified by the review is the absence of an evidence-
based PAP use threshold that equates to adherence, or at least a consistently applied
definition of PAP adherence. In the absence of a study-provided definition of PAP adherence
and consistency with employing such a definition across studies, a systematic review with

or without a meta-analysis to more precisely estimate PAP use in pediatrics is not feasible.
Additionally, varied measurement intervals of the primary outcome of PAP use contributes
to low feasibility for systematically summarizing the state of the science of PAP adherence
in pediatrics. Furthermore, included studies reported one-month PAP use, but “one month”
may be reflective of the first month of PAP use in naive users, or, reflective of one month
use data at any given time point as samples included both established users and new users.
Cautious consideration of these caveats with the provided summary estimates of this scoping
review are therefore necessary.

In attempt to mitigate inconsistent reporting of results, we propose that dose-response
studies are needed in order to form a consensus on the most efficacious threshold of PAP
use and that any such thresholds should be separately established for infants, children

and adolescents. Doing so would allow the field to identify a consistent definition of
pediatric PAP adherence that is not only clinically beneficial, but would also support
accurate comparisons between and across studies. Until such evidence is available, an initial
suggestion is that investigators uniformly present PAP use data as mean (SD) and median
(IQR) hours or minutes for “all days” and separately for “days used”. This will necessarily
be reported for the entire sample and as indicated by study methods and objectives, for
sub-groups that are a priori precisely defined.

The heterogeneous outcome assessment intervals for both PAP naive and existing PAP
users highlights the need for longitudinal studies that follow new PAP users; this approach
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will permit discovery of PAP patterns of use, or adherence, over time. Mean PAP use

was reported for both naive and existing PAP users at 1-month and > 1-month, however,
mean use does not account for attrition where PAP use may have been discontinued in a
portion of the sample. Longitudinal studies are needed to determine if a behavioral pattern
of PAP use exists in pediatrics. Clinically, reimbursements by insurance mandate adequate
adherence by 90 days; research aimed to investigate patterns of adherence in pediatrics,
across the age spectrum, would be beneficial to determine if meeting this threshold is
actually appropriate or feasible for this population. Furthermore, such studies would be
insightful for determining potential critical intervention points in the course of starting and
maintaining PAP treatment in pediatrics.

In order to better understand factors that influence PAP use, future study samples should
include similar aged participants, or be large enough to statistically examine factors
separately for children and adolescents. This is important as age is one of the consistently
identified predictors of PAP adherence. This would support more precise estimates of
association while also taking into consideration clinically relevant developmental differences
between children and adolescents. For example, a younger child is likely to have different
adherence-related barriers and facilitators as well as a longer sleep opportunity than an
adolescent. Similarly, studies in this review included a sub-set of children, or adolescents,
with developmental delays. Early evidence suggests that adherence rates may be different
for children who are developmentally delayed versus those that are typically developing
[12, 40]. Multi-center trials are required to yield sufficient numbers to evaluate age-specific
sub-group analyses of influential factors on PAP use and such studies should prioritize
factors of influences as the primary aim. By doing so, the development and testing of
targeted interventions to improve PAP use is likely to emerge.

Because the state of science on PAP adherence in pediatrics is currently underdeveloped,
including PAP adherence interventions, the field may benefit from developing and adapting
theory-guided adherence and self-management interventions from other pediatric chronic
conditions. Another opportunity may be the adaptation of efficacious PAP adherence
interventions derived from the adult literature for specific testing in older children and
adolescents. This, however, can only be considered if familial/caregiver units are addressed
with the adaptation as this is a unique and important contextual factor in pediatrics.

The field currently lacks evidence-based recommendations and direction for initiating and
managing PAP use in pediatric populations. Though prior review papers addressing PAP

in pediatrics exist [6, 49-52], the current review is the first to focus specifically on

PAP adherence in the general pediatric OSA population while employing rigorous review
methods. The present review provides a focused description of the state of the science
addressing PAP treatment of OSA in pediatrics and sets forth recommendations and a
research agenda. Though the heterogeneity of studies currently prohibits a rigorous analysis
using a systematic review or meta-analysis approach, this review is the first to summarize
PAP use in pediatric OSA.

Sleep Med Rev. Author manuscript; available in PMC 2022 February 16.
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Limitations

Limitations of the current review were related to the inability to make strong, direct
comparisons across studies due to low level and quality of included studies, heterogeneity
of included studies, and the limited number of systematically tested interventions for PAP
adherence to inform recommendations for improving adherence. Because the literature is
heterogeneous across multiple factors (e.g., study characteristics, subject characteristics,
adherence parameters, outcome assessment periods), an estimate of PAP use in pediatric
OSA is provided with acknowledged methodological caveats.

Conclusion

Though PAP has been used to treat pediatric OSA for a few decades, rates and determinants
of PAP use are not well understood. To address this limitation for the field, higher level

and quality studies are needed which include: 1) prospective, longitudinal studies that are a
priori adequately powered; 2) replication studies; and 3) rigorous trials, beginning with pilot
studies that appropriately progress to randomized control trials. These studies are needed

to: 1) identify the optimal duration of nightly PAP use to inform appropriate adherence
parameters, 2) gain a comprehensive understanding of PAP use and adherence, 3) determine
influential factors on PAP use that may be putative for intervention development, and 4)
design and test the efficacy of PAP adherence interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Practice points:

. There are unique developmental considerations for PAP use and adherence
across age groups and developmental abilities.

. Certain youth may be at higher risk for PAP non-adherence, including older
children/adolescents and males, though factors are not well-established at this
time and other factors are yet to be identified.

. Guidelines from the American Academy of Pediatrics suggest that if
PAP adherence is suboptimal, clinicians can institute measures such as
behavioral modifications and treating of side effects and clinicians should
institute alternative treatments if these measures are ineffective. These
recommendations are also supported by the American Academy of Sleep
Medicine Task Force for promoting high quality patient-centered care. We
recommend readers to these resources until additional evidence is available.

- https://pediatrics.aappublications.org/content/130/3/576

- https://aasm.org/resources/qualitymeasures/
qualitymeasuresforthecareofpediatricpatientswithobstructivesleepap
nea.pdf

Research agenda:

. Conduct high quality studies to determine an ideal threshold of PAP at various
stages of childhood.

. Determine appropriate age-related adherence parameters and reach a
consensus for a definition of “adherent”.

. Recruit more homogeneous samples (e.g., all new PAP users; limit age
criteria or larger sample sizes to permit sub-group analyses).

. Identify factors that may influence PAP adherence to guide tailored
intervention opportunities.

. Develop interventions that address both parent/caregiver and child/adolescent
to maximize potential of success.

. Utilize technology and telehealth as a viable and innovative approach for
intervention development, as PAP use can be objectively measured and
rapidly assessed and children/adolescents are high technology consumers.

Sleep Med Rev. Author manuscript; available in PMC 2022 February 16.
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Table 2.
Obstructive sleep apnea, polysomnography and positive airway pressure characteristics
OSA (AHI PAP
or oAHI AHI or 0AHI (0) Naive
Metric of  [0]) Criteria (events/h) Mean (SD) Only
Author (year) Use eventsh Median (I1QR or range) Mask Type PAP Type* Y/N
Adeleye A et al 2016 (15) PR >15 33.2 (36.6) NR U NR
o) 225 (11.3, 37.0)
Cc
Alebraheem Z et al 2018 (32) =15 14.1 (13.6) NR U N
'
9.2 (5.9, 17.8)
"
Amaddeo A et al 2015 (33) o > 10 NR NR CPAP (n=20) N
Amaddeo A et al 2018 (38) (e} >5(0) 12.5 (range, 5-100) (o) Nasal CPAP (n=15)
FF APAP (n=12)
Prongs
Avis K et al 2019 (53) o >15 10.7 (15) NR CPAP (n=20) Y
Beebe DW & Byars KC 2011 (54) PR >1(0) 10.0 (6.8) (0) (Ad) NR U NR
9.3(5.7) (0)
(Non-Ad)
Bergeron M et al 2019 (39) o] >1 9.8 (1.4-76.2) NR CPAP (n=19) YIN
10
(0.9-76.2) (0)
Caldarelli V et al 2013 (36) 0} NR NR Nasal BPAP (n=14) N
FF PS-VP (n=1)
DiFeo N et al 2012 (22) o NR 19 (16) NR CPAP (n=13) Y
BPAP (n=43)
Dudoignon B et al 2017 (35) (e} >1 14 (16) Nasal CPAP (n=15)8 N
8 (11) (o) Nasobuccal NIV
(n=4)%
Girbal IC et al 2014 (55) PR >1 9.7 (5.8,18.8) Nasal CPAP (n=52) N
Prongs BPAP (n=16)
Harford KL et al 2013 (47) o] NR 23.6 (22.1) (New Pt) NR u YIN
29 (23.7) (Prior
Pt)
Hawkins SM et al 2016 (40) o] >1 20.3 (26.8) (Ad) NR CPAP? NR
16.5 (21.2) BPAP?
(Non-Ad)
Jambhekar SK et al 2013 (16) o] NR 26.7 (30) NR u N
16.1 (8.4-35.5)
Kang EK et al 2019 (12) 0 NR 15.8 (9.8, 30.5) NR CPAP? Y
14.7 (9.5, 29) BPAP
©) APAP
Katz SL et al 2017 (26) MDR >1(0) 15.5 (7.4, 25.2) NR CPAP (n=14)¢ Y
o 16.8 (7.1, 23.9) BPAP
(0) (n=13)3
Konstantinopoulou S et al 2016 (41) (e} >15 13.9 (6.8, 21.5) (0) NR CPAP (n=11) Y
Koontz KL et al 2003 (48) o] NR NR NR BPAP (n=20) NR
Kushida CA et al 2014 (34) o) NR 17.3 (17) Nasal CPAP (n=8) N
FF BPAP (n=6)
Pillows
Lynch MK et al 2017 (13) o] >15 13.2 (19.6) (Ad) NR CPAP (n=25) Y

10.5 (7.6)
(Non-Ad)
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OSA (AHI PAP
or oAHI AHI or 0AHI (0) Naive
Metric of  [0]) Criteria (events/h) Mean (SD) Only
Author (year) Use eventsh Median (1QR or range) Mask Type PAP Type* Y/N
Machaalani R et al 2016 (14) (0} NR 24.9 (22.8) (CPAP) Nasal CPAP (n=55) Y
21.2 (21.5) FF BPAP (n=44)
(BPAP) Pillows
19 (18.4) (0) (CPAP)
9(8.7) (0)
(BPAP)
Marcus CL et al 1995 (25) (e} NR NR Nasal CPAP (n=70) N
PR
Marcus CL et al 2006 (29) 25 27 (32) (0) NR CPAP (n=13) Y
BPAP (n=16)
1
Marcus CL et al 2012 (21) (e} NR 22 (21) (CPAP) NR CPAP (n=13) Y
18 (15) (BPAP) BPAP (n=43)
Massa F et al 2002 (56) PR 25 NR Nasal CPAP (n=42)
McNamara F & Sullivan CE 1999 NR >5 44.4 (9.3) (NREM) Nasal CPAP (n=24)
27) 68.6 (8.9)
(REM)
14.6 (3.9) (0) (NREM)
43.6 (8.3) (0)
(REM)
Mendoza-Ruiz et al 2019 (43) (e} >5 25 (16) (Ad) NR CPAP (n=15) Y
20 (15) (Non-Ad)
Mihai R et al 2017 (44) (e} >1 16.6 (11, 35) (0) Nasal APAP (n=26) Y
FF
Nakra N et al 2008 (57) >1.5/h 8.7 (9.6) NR CPAP (n=25)
Nathan AM et al 2013 (58) C 21 26.7 (12, 79.9) (o) NR CPAP (n=47) N
BPAP (n=4)
Nixon GM et al 2011 (59) O NR 22.6 (16) (o) (consistent NR CPAP (n=30) Y
users)
229
(22.6) (0) (intermittent)
O’Donnell AR et al 2006 (18) (0} >1 11.3 (5.4, 25.9) Nasal CPAP (n=50) Y
FF
Prashad PS et al 2013 (42) NR 14 (4-78.3)* NR CPAP (n=21)
Perriol MP et al 2019 (23) NR 12.2 (10.6) NR CPAP (n=78)
Puri P et al 2016 (24) (0] 21 25.2(28.7) (0) NR U Y
12.8(7.9, 24)
(0)
Ramirez A et al 2013 (45) 0} NR NR Nasal CPAP or N
FF BPAP (n=51)
Cannula
Riley EB et al 2017 (46) o] NR NR NR CPAP (n=275) Y
Roberts SD et al 2016 (60) o 21 17.6 (19.8) (Ad) NR CPAP (n=100) NR
12.0 (19.1)
(Non-Ad)
Simon SL et al 2012 (19) o NR 17.7 (21.7) Nasal CPAP (n=23) N
FF BPAP (n=4)
APAP
(n=24)
Sundaram SS et al 2018 (30) (e} >2 NR Nasal CPAP (n=9) Y
Trucco F et al 2018 (28) (0] >1 11.1 (4.4, NR CPAP (n=18) Y
24.9)1 BPAP (n=7)
2.7(0.5,18.8)
7
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OSA (AHI PAP
or oAHI AHI or 0AHI (0) Naive
Metric of  [0]) Criteria (events/h) Mean (SD) Only
Author (year) Use eventsh Median (1QR or range) Mask Type PAP Type* Y/N
Uong EC et al 2007 (31) (0] 25 28.4 (31.8) NR CPAP (n=20) Y
PR BPAP (n=7)
Waters KA et al 1995 (61) NR NR NR Nasal Prongs CPAP (n=73)
Widger JA et al 2014 (37) (0] NR NR NR CPAP (n=22) N
BPAP (n=5)
Xanthopoulos MS et al 2017 (20) o NR 13.8 (7.1, 29.7) NR CPAP (n=141) NR
Yuan HC et al 2012 (62) PR 25 19.5 (15.8) NR U N
Notes.

*

=n provided for those with adherence data;

T: review authors calculated mean and median based on provided values per individual participant;

¢= n not provided;

§= adherence data only available for a subsample but not specified how many per group;

”= not exclusively OSA;

= AHI reported per participant in study, authors of this review calculated median and range

17

=n’s reflects full sample (n=29), not just those with adherence data (n=18).

Adherent (Ad), apnea hypopnea index (AHI), Automatic Positive Airway Pressure (APAP), bilevel positive airway pressure (BPAP), chart (C),
continuous positive airway pressure (CPAP), full-face (FF), Medical Doctor report (MDR), non-adherent (Non-Ad), non-invasive ventilation (NIV),
not reported (NR), objective (O), obstructive apnea hypopnea index (0AHI; 0), obstructive sleep apnea (OSA), positive airway pressure (PAP),

parent report (PR), pressure-support volume targeted ventilation (PS-VP), patient (Pt), unspecified/undetermined- article states “PAP” (U).
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Table 3.
Reported PAP use and adherence across 42 studies.
Average hours/night M Outcome
Definition of Met Adherencen  (SD) or Median (IQR or Assessment
Author (year) n* Adherence (%) range) Period’
Alebraheem Z et al 2018 (32) 21 > 4 h/night for >50% 6 (29%) 3.1(3)¢ 1mo
nights
Amaddeo A et al 2015 (33) 20 NR NR 7.4 (2.1)° 1mo
Amaddeo A et al 2018 (38) 27 2 4 h/night after 2 mo 27/31 (87%) 8.2 (range, 5.5-12.2) =2 mo
Avis K et al 2019 (53) 20 = 4 h/night 11 (55%) NR 3mo
Beebe DW & Byars KC 2011 (54) 13 > 21% of sleep time 7 (54%) NR 2mo
Bergeron M et al 2019 (39) 19 > 4h/night 8 (42%) 4.0 (0.5-5.6) >3 mo
Caldarelli V et al 2013 (36) 15 NR NR 7.3(1.8) NR
DiFeo N et al 2012 (22) 56 NR NR 3(3)? 1mo
2.8 3 mo
@P
Dudoignon B et al 2017 (35) 11 > 4 h/night 9 (82%) 8.8 (4)d 24 mo
Girbal IC et al 2014 (55) 68 > 3h/night 53 (78%) NR NR
Harford KL et al 2013 (47) 19 > 4h/night for >70% 5 (42%) (new pt) NR > 6 wks
nights 3 (43%) (prior
pt)
Hawkins SM et al 2016 (40) 140 =4 h/night for >70% 69 (49%) 7.4 (5.5-9.3) (Ad, NR
nights n=69)
1.7 (0.3-3.1)* (Non-ad,
n=71)
Jambhekar SK et al 2013 (16) 46 > 4 h/night for > 50% 22 (48%) NR NR
nights
Kang EK et al 2019 (12) 177 h use on nights used NR 5.72 (no IQR or range)” 6 mo
Katz SL et al 2017 (26) 22 > 4 h/night for > 50% 14 (64%) (6 mo, NR 6 mo
nights n=22) 12 mo
11 (69%) (12
mo, n=16)
Konstantinopoulou S et al 2016 11 NR NR 1.9(1.2,23) 3mo
(41
Koontz KL et al 2003 (48) 20 NR NR BT (n=11): 0.8 (no SD) Baseline: NR
(baseline) Post: 25.7 mo
5.9 (average)
(no SD) (post)
CR+ (n=6): 1.7 (no SD)
(baseline)
8.5 (no
SD) (post)
CR- (n=3): 3.3 (no SD)
(baseline)
0.7 (no SD)
(post)
Kushida CA et al 2014 (34) 14 NR NR 7.4 (2.6)%4 >21d
Lynch MK et al 2014 (13) 25 > 4 hinight for = 50% 15 (60%) NR 3 mo
nights
Machaalani R et al 2016 (14) 99 24 h/night for=70% >4 wk: 41 (75%) =>4 wk: 6.8 (2.8) (CPAP) >4 wks
nights (CPAP, 9.3 12 mo
n=55) (3.6) (BPAP)
40 (91%) (BPAP 12 mo: 8 (4.1) (CPAP)®
n=44) 9.3(3.8)
12 mo: 13 (76%) (BPAP)
(CPAP,
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Average hours/night M Outcome
Definition of Met Adherencen  (SD) or Median (IQR or Assessment
Author (year) n* Adherence (%) range) Period"
n=17)
15 (80%) (BPAP,
n=19)
Marcus CL et al 2006 (29) 18 Poor adherence < 3 NR 5.3 (2.5) (PP; n=18)P 6 mo
h/night 3.8
(3.3) (ITT; n=29)
Marcus CL et al 2012 (21) 56 NR NR CPAP (n=13) 1mo
34(3)(1 3mo
mo)?
2.1(2.5) (3 mo)®
BPAP (n=43)
3.1(2.8)
(1 mo)?
3.1(2.8) (3mo)P
Massa F et al 2002 (56) 42 Use every night, all 28 (68%) NR NR
night long
Mendoza-Ruiz et al 2019 (43) 15 >3 h/night NR 1wk: 7.3 (1.9) (Ad; 1wk
n=9) 1 (0.6) (Non-Ad; 1mo
n=6 1 mo: 7.5 (2) (Ad;
n=9) 4.5 (1.2) (Non-Ad;
n=6
Mihai R et al 2017 (44) 26 NR NR 6.3 (2) (APAP)* 1mo
6.3(2.7)
(CPAP)#
Nathan AM et al 2013 (58) 51 >4 d/wk 21 (41%) NR NR
Nixon GM et al 2011 (59) 30 > 1 h/night > 6 10 (33%) 47 (2.7)P 2-3mo
nights/wk
O’Donnell AR et al 2006 (18) 51 NR NR 4.7 (1.4-7) >1.3mo
Prashad PS et al 2013 (42) 21 NR NR 6.4 (1.3) (high use; n=7) 1mo
10.5 (0.4) (low use; n=7)
10 (0) (no use; n=7) 1
Perriol MP et al 2019 (23) 78-34 NR NR 6.1 (2.8) (1 mo; 1mo
n=78)? 3mo
6.2 (2.6) (3 mo; n=72)° 6 mo
6.2 12
(2.8) (6 mo; n=63) 6.3 mo
(2.8) (12 mo; n=55) 7.0 24 mo
(2.7) (24 mo; n=34)
Puri P et al 2016 (24) 56 NR NR 3.5(2.7) 29 (2.4)2 1wk
2.8 1mo
(2.4)° 3 mo
Ramirez A et al 2013 (45) 62 > 8 h/night 45 (72%) 8.3 (2.5)* 1mo
Riley EB et al 2017 (46) 275 > 6 h/night for > 80% 59 (24%) 4.3(2.9)* 1mo
nights
Roberts SD et al 2016 (60) 100 2 4h/night for 70% of 50 (50%) NR =6 mo
nights for = 6 mo
Simon SL et al 2012 (19) 48 NR NR 3.4 (2.8) 3mo
Sundaram SS et al 2018 (30) 9 NR NR 49 (2_1)b >1mo
Trucco F et al 2018 (28) 25 >4 h/night for >50% Mo 4: 9 (50%) Mo 4: 5 (2-8) (CPAP) 8 4 mo (average) 1.9
nights (CPAP, n=18) 4 (2-8) y (average)
(57%) (BPAP, (BPAP)
n=7) 1.9y: 4 (2-8) (CPAP) 8
1.9y (IQR0.8- (5-8) (BPAP)

3.7): 7 (39%)
(CPAP, n=18) 4
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Average hours/night M Outcome
Definition of Met Adherencen  (SD) or Median (IQR or Assessment
Author (year) n* Adherence (%) range) Period’
(67%)
(BPAP, n=6)
Uong EC et al 2007 (31) 27 >4 h/night =5 19 (70%) 7.7 (1.5)b =3 mo
nights/wk
Waters KA et al 1995 (61) 73 Regular use >6mo 63 (86%) NR NR
Widger JA et al 2014 (37) 27 NR NR 5.2 (2.5) (CPAP, n=22) NR
9.3 (1.4) (BPAP, n=5)
Xanthopoulos MS et al 2017 (20) 141 NR NR 2.9 (0.6-5.8) 1mo
Yuan HC et al 2012 (62) 6 “Yes” for PAP use 4 (67%) NR 5-6 mo
at evening and
following morning
>5 nights/wk
Notes.

*

= sample with adherence data;

f: does not indicate short-term versus long term-use (i.e., 1 month may refer to 1 month of data at any given time point, not necessarily data from

first month of PAP use);

’t: mean (mean — 1 SD-mean + 1 SD);

§: from baseline mask and flow generator (i.e., pre-intervention);

1. = based on tertiles, participants purposefully recruited for each group;

#= hours PAP use/night on nights used.

Included in the PAP use pooled mean (SD):

2 PAP naive (1 mo);
b "
= PAP naive (>1 mo);

c "
= non-naive (1 mo);

=non-naive (>1 mo). Machaalani et al (14), 12 mo data used for analysis as outcome assessment period was more direct than = 4 wks. Perriol et al
(23), 3 mo data used since timepoint had the least attrition.

Adherent (Ad), Automatic Positive Airway Pressure (APAP), bilevel positive airway pressure (BPAP), continuous positive airway pressure (CPAP),
hours (h), intention to treat (ITT), month (mo), non-adherent (Non-Ad), not reported (NR), patient (pt), per protocol (PP), positive airway pressure

(PAP), week (wk).
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