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Adherence in children using positive airway pressure therapy:
a big-data analysis
Rakesh Bhattacharjee, Adam V Benjafield, Jeff Armitstead, Peter A Cistulli, Carlos M Nunez, Jean-Louis D Pepin, Holger Woehrle, Yang Yan,
Atul Malhotra, on behalf of the medXcloud group

Summary

Background Positive airway pressure (PAP) has become a prominent treatment for children with sleep-disordered
breathing. However, there are no large-scale studies to clarify whether PAP is well tolerated in children, and which
factors are associated with better adherence to PAP therapy. In this study, we aimed to clarify adherence patterns of
PAP therapy in a large paediatric population.
Methods We did a cross-sectional big-data analysis in children from Oct 1, 2014, to Aug 1, 2018, using existing data
derived from PAP devices uploaded nightly in the AirView cloud database. The AirView database is a usage tracking
system available to all patients who are assigned PAP therapy, which requires consent from the patient or parent or
guardian. All patients older than 4 years and younger than 18 years who used continuous or automated PAP devices
were evaluated. Only patients living in the USA and enrolled with a single insurance company were included. If
patients were participating in an engagement programme, programme onset must have been within 7 days of therapy
onset. Our primary outcome was the proportion of patients who used PAP continuously over 90 days. The primary
outcome was assessed in all patients who met the age inclusion criterion and had reliable age data available. Data on
missing PAP use were imputed as zero, but data on other metrics were not imputed and excluded from analysis.
Findings We used data recorded from Oct 1, 2014, to Aug 1, 2018. Of 40 140 children screened, 36 058 (89·8%) were
US residents and 20 553 (90·1%) of them met the eligibility criteria and had accessible data (mean age 13·0 years
[SD 3·7]). On the basis of 90 days of monitoring data, 12 699 (61·8%) patients continuously used PAP. Factors
significantly associated with adherence included age group, residual apnoea–hypopnoea index, use and onset of
patient engagement programmes, PAP pressure, and nightly median PAP mask leak, all over the 90-day study period.
Interpretation To our knowledge, our study represents the largest analysis of children using PAP therapy to date. The
findings suggest that adherence to PAP therapy is lower than in previous reports from adults. However, numerous
actionable factors were associated with improvements in adherence and should be used strategically in clinical
decision making to improve PAP adherence in children.
Funding ResMed.
Copyright © 2019 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND
4.0 license.

Introduction
Obstructive sleep apnoea is a highly prevalent condition in
children, with a reported overall prevalence of 2–3%.1
Adenotonsillar hypertrophy is the main contributor to
the pathogenesis of paediatric obstructive sleep apnoea.2
Therefore, adenotonsillectomy is the first-line therapy for
children with obstructive sleep apnoea.3 However, this
approach is not always effective, particularly in older
children (>7 years), children with obesity, or those with very
severe obstructive sleep apnoea.4 Nevertheless, increased
awareness of the complications of untreated obstructive
sleep apnoea (including cardiovascular dys
func
tion,5
6,7
systemic inflammation, insulin resistance and metabolic
disease,8 and reduced quality of life)9 mean that, over time,
an increasing number of adenotonsillectomies are being
done.10
Childhood obesity is now second to adenotonsillar
hyper
trophy as the most important contributor to

paediatric obstructive sleep apnoea. With childhood
obesity prevalence ranging from 7% to 22% in various
high-income countries,11,12 there has been an associated
marked increase in the prevalence of paediatric
obstructive sleep apnoea.13,14 Further, at any level of
obstructive sleep apnoea severity, the magnitude of
adenotonsillar hypertrophy has low relevance in children
with obesity,15 potentially complicating standard treatment
approaches. When adenotonsillectomy is contraindicated
(particularly in children with morbid obesity) or when
obstructive sleep apnoea is refractory to surgery, positive
airway pressure (PAP) becomes the mainstay for therapy.
With the increasing prevalence of childhood obesity, it is
also anticipated that an increasing number of children
will require PAP therapy to treat obstructive sleep apnoea
effectively.
Evidence supporting the efficacy of PAP therapy in
children comes only from studies with small sample
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Research in context
Evidence before this study
We searched PubMed for articles published in English from
inception to Aug 20, 2019, using the search terms “OSA”,
“positive airway pressure”, and “adherence”, for data on
children younger than 18 years. Currently available evidence
examining the efficacy of positive airway pressure (PAP)
devices for the treatment of paediatric sleep-disordered
breathing is restricted to single-centre studies with small
population sizes (29 to 140 patients per study). Although
these studies have evaluated factors associated with
improvements in adherence to PAP therapy, the heterogeneity
of both the populations and clinical practices across various
paediatric sleep clinics, combined with the small population
size, limit the generalisability of these findings.

examined adherence to PAP. We were able to determine
several factors that were significantly associated with PAP
adherence, including use of patient engagement tools, mask
leak, and age. Our study provides real-world data on PAP use
in children to describe actual adherence patterns of PAP use
nationwide.
Implications of all the available evidence
Our analysis documented PAP adherence in children that was
lower than that in previous reports from adults. However,
several modifiable factors were found to be associated with
improvements in adherence. Future well designed,
randomised controlled trials should evaluate the ability of
interventions to modify these factors to improve adherence
patterns during the use of PAP therapy in children.

Added value of this study
Using a big-data approach, we integrated data from across
the USA, included a large cohort of children, and critically

sizes.16–24 Although PAP has been shown to be an efficacious
therapy in paediatric obstructive sleep apnoea, adherence
is often suboptimal and is poorly understood.23 In this
study, we used big data to evaluate adherence in US
children who were prescribed PAP therapy. Additionally,
we investigated whether actionable clinical factors (ie, PAP
nightly use, mask leak, residual obstructive sleep apnoea
persisting despite therapy, and use of a patient engagement
programme) would be predictive of PAP adherence. The
main goal was to identify strategies to optimise obstructive
sleep apnoea treatment by improving PAP adherence in
children.

Methods

Study design and participants
This retrospective cross-sectional analysis of the AirView
database (ResMed; San Diego, CA, USA) was reviewed by
a central Institutional Review Board and deemed exempt
from ethical oversight as per Department of Health and
Human Services regulations.25 The data analysed were
those that met the following criteria: all available data
collected from Oct 1, 2014 to Aug 1, 2018; appropriate age
of the patient (>4 to <18 years) at time of activation;
onset of patient engagement programme within 7 days
of therapy onset; and use of specific PAP devices
(AirSense 10 or AirCurve 10; ResMed).
The first day of therapy was taken as the AirView setup
date, which is the day when the health-care provider
registered the patient’s device in the database. Only
patients who used continuous positive airway pressure
(CPAP) or automatic positive airway pressure (APAP)
were included. Bilevel modes of PAP were excluded
because they are typically used in children to treat sleeprelated hypoventilation or neuromuscular disease, rather
than obstructive sleep apnoea only.
2

Only patients enrolled with one company for durable
medical equipment were included to eliminate duplicates
in the cohort. Enrolment with multiple companies could
have occurred if patients moved to a different state or if
they changed insurance companies, and could result in
one individual being provided with multiple devices;
such duplicate patients were excluded. Patients enrolled
in military health-care plans were also excluded due to a
high probability that these were adults misclassified as
children.
AirView is a password-protected cloud technology com
pliant with the Health Insurance Portability and
Accountability Act. Following written informed consent or
digital consent obtained by the manufacturing company
from the patient or their parent or guardian, data derived
from PAP devices are recorded nightly and are auto
matically uploaded to AirView on a daily basis to help
clinicians and companies that produce durable medical
equipment to remotely monitor patient adherence.
Data collected include nightly PAP use (total duration
and time of use), efficacy of PAP use including residual
apnoea–hypopnoea index (rAHI), PAP pressure (cm H2O),
and mask leak (L/min). The rAHI is calculated through
machine detection of apnoeas and hypopnoeas during
PAP device use. The total number of apnoeas and
hypopnoeas is then averaged per hour of device use. The
patient engagement programme (myAir; ResMed) is
designed for patients and provides real-time daily feedback
to the patient about their PAP use, while also providing
them with coaching on the basis of the data collected.
Interested patients sign up themselves if they choose to
opt in, but parents and guardians will often sign up on
behalf of their young children.
Patients can access information by logging onto the
proprietary website, or via a smartphone app. Real-time
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feedback provided to patients and families includes
a score that incorporates use time and duration, mask
seal indicating leak level, respiratory events per hour of
use, and the number of times the mask was put on and
taken off. Patients also receive constructive suggestions
on the basis of mask leak and rAHI data. Personalised
coaching messages are sent via email or through the
smartphone app. These messages are designed to
enhance self-management, recognise success through
awards, and allow patients to identify and resolve basic
treatment issues on their own. The platform provides
feedback with an overall goal to improve PAP adherence
(appendix p 3).

Outcomes
The primary outcome was the proportion of patients who
continued to use PAP therapy over 90 days—ie, not having
terminated their therapy due to 30 consecutive nights of
non-use during the first 90 days of data collection, which
was considered to be evidence of ineffective therapy due
to therapy termination. Thus, the primary outcome was
met in the absence of therapy termination.
Additionally, as a secondary outcome, we evaluated the
proportion of patients who met the Centers for Medicare
and Medicaid Services (CMS) criteria for adherence
(ie, PAP use for 4 h or more per night on at least 70% of
the nights since therapy onset during a consecutive
30-day period during the initial 90 days of use).26 These
CMS criteria were originally intended for adult patients
using PAP devices. Secondary outcomes included days to
achieve CMS adherence; proportion of adherent days
(≥4 h per night); average use per session (h) defined as
one night of PAP use; and average daily use.
To evaluate whether age was predictive of the primary
outcome, we split the cohort into four prespecified
groups by age (>4 to <6 years, 6 to <12 years, 12 to <15 years,
and 15 to <18 years). These age groups were chosen
arbitrarily to reflect different school-age groups, namely
preschool, primary school, middle school, and high
school.
In addition to age, we assessed whether other factors
were predictive of PAP adherence, including rAHI over
90 days, onset of the patient engagement programme,
overall pressure settings over 90 days as measured
by the 95th percentile pressure, and average nightly
median leak over 90 days.

Statistical analysis
All data that met the inclusion criteria were de-identified
before the analysis of the outcomes. Missing data on
CPAP use were imputed as zero, whereas missing data in
therapy metrics, such as pressure settings, reported
pressure, and mask leak, were not imputed and not
included in the calculations of means, SDs, and
proportions. When calculating summary statistics of
rAHI, use sessions shorter than 1 h were removed.
Statistical hypothesis testing to compare the distribution

from different age groups was done using the χ² test for
categorical variables or ANOVA test for continuous
variables. A multivariate Cox proportional hazard model
was created controlling for all significant predictors.
Proportional assumptions were tested in the study.
Non-parametric Kaplan-Meier estimates were used to
determine the length of time during which patients
were self-administering therapy (ie, adherence to
therapy). Patients who did not terminate therapy before
Aug 1, 2018, were right-censored. A log-rank test was used
to determine the significance of adherence predictors.
Survival curves for the first 90-day window were calculated
See Online for appendix
40 140 patients charged

36 058 US residents
5805 had more than one PAP device
30 253 had only one PAP device
5521 ever used other therapy, ever
switched device mode, or ever
used SD card devices to record
PAP use data
24 732 only used CPAP and APAP
4199 excluded
1947 in military health-care
plan
2252 aged <4 years
20 533 met the eligibility criteria
and were used for analysis

Figure 1: Patient selection from the AirView database
APAP=automated PAP. CPAP=continuous PAP. PAP=positive airway pressure.
SD card=Secure Digital card.

Patients (n=20 553)
Age, years

13·0 (3·7)

Age group
>4 to <6 years

1052 (5·1%)

6 to <12 years

6407 (31·2%)

12 to <15 years

5125 (25·0%)

15 to <18 years

7949 (38·7%)

Patient engagement programme users

4109 (20·0%)

Minimum pressure setting, cm H₂O

6·8 (2·6)

Maximum pressure setting, cm H₂O

10·4 (4·4)

PAP use and adherence
Patients actively using PAP over 90 days

12 699 (61·8%)

Patients meeting CMS adherence criteria

9504 (46·3%)

Proportion of days with ≥4 h use

45·1 (33·3%)

Use per session, h

5·2 (2·6)

Daily use across all days, h

3·9 (2·8)

Data are mean (SD), or number (%). CMS=Centers for Medicare and Medicaid
Services. PAP=positive airway pressure.

Table 1: Summary patient data extracted from the AirView database
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>4 to <6 years

6 to <12 years

12 to <15 years

15 to <18 years

Patients actively using PAP over 90 days

587 (55·8%)

4408 (68·8%)

3213 (62·7%)

4491 (56·5%)

p value
0·0015

Patients meeting CMS adherence criteria

483 (45·9%)

3577 (55·8%)

2320 (45·3%)

3124 (39·3%)

<0·0001

Patients terminating PAP over 90 days

465 (44·2%)

1999 (31·2%)

1912 (37·3%)

3458 (43·5%)

<0·0001

Days of active PAP use

22 (6–45)

35 (12·5–59)

33 (13–60)

29 (9–55)

<0·0001

Proportion of days with ≥4 h use

45·5 (35·8)

52·4 (32·7)

44·2 (32·9)

39·7 (32·7)

<0·0001

Use per session, h

5·3 (3·1)

5·9 (2·7)

5·0 (2·5)

4·6 (2·4)

<0·0001

Daily use across all days, h

4·1 (3·1)

4·6 (2·9)

3·8 (2·7)

3·3 (2·5)

<0·0001

Data are mean (SD), number (%), or median (IQR). CMS=Centers for Medicare and Medicaid Services. PAP=positive airway pressure.

Table 2: PAP adherence in subgroups based on patient age

100

Active PAP use (%)

75

50

25

0
Number at risk
4 to <6 years
6 to <12 years
12 to <15 years
15 to <18 years

4 to <6 years (reference)
6 to <12 years OR 0·57 (95% CI 0·5–0·65)
12 to <15 years OR 0·75 (95% CI 0·66–0·86)
15 to <18 years OR 0·97 (95% CI 0·85–1·1)
0

p (log-rank) <0·0001

30

60

90

662
4899
3695
5252

587
4408
3213
4491

Time (days)
1052
6407
5125
7949

770
5521
4239
6211

Figure 2: PAP use across age-based patient subgroups over 90 days of monitoring data
The number at risk reflects the number of remaining active PAP users at each time period. PAP=positive airway
pressure. OR=odds ratio.

with non-survival meaning 30 consecutive nights of nonuse, with day 1 of non-use corresponding to the date of
drop-off. All statistical calculations were done using R
statistical software (version 1.0.153).

Role of the funding source
Representatives from the study sponsor were involved in
the study design, collection, analysis and interpretation of
data, writing of the report, and in the decision to submit
the paper for publication. The corresponding author had
full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results
40 140 children were screened and were younger than
18 years, of whom 36 058 (89·8%) were living in the USA.
Of the screened participants, 22 785 (56·8%) were enrolled
in a non-military health plan, but only 20 533 (51·2%) were
of the required age and had reliable data available and were
thus included in the analyses (figure 1). Mean patient age
was 13·0 years (SD 3·7), and the largest age group was
15 to less than 18 years (7949 [38·7%] of all patients who
4

met the eligibility criteria; table 1). The average minimum
PAP pressure was 6·8 cm H2O (SD 2·6) and the average
maximum pressure was 10·4 cm H2O (4·4). 4109 (20·0%)
of patients who had reliable age data chose to enrol in the
patient engagement programme during the study period
(table 1).
Over the first 90 days of monitoring data, PAP therapy
was active in 12 699 (61·8%) of analysed patients and was
not terminated according to our definition. According to
CMS-defined adherence criteria, 9504 (46·3%) patients
met the criteria of 4 or more h of use for at least 70% of the
nights for 30 consecutive nights during the first 90 days
(table 1). Geographical representation of adherence
showed relatively consistent adherence patterns across
all states (appendix p 1). Overall, mean average daily use
was 3·9 h (SD 2·8), with a mean average use per session
of 5·2 h (2·6; table 1). The proportion of days adherent
(days with PAP use ≥4 h) was 45·1% (SD 33·3). When
investigating adherence across the predefined age
groups, the group aged 15 to less than 18 years had the
least number of patients meeting CMS adherence
criteria, whereas those aged 6 to less than 12 years were
most likely to meet them (table 2). Average use per
session was also highest in the age group of 6 to less than
12 years, whereas the group aged 15 to less than 18 years
had the lowest use per session (table 2).
Survival curve analysis (figure 2, table 2), showing the
proportion of patients continuously using PAP therapy
over the 90-day period indicated that variations in PAP
use between the four age groups became evident early
during treatment follow-up (within the first 30 days).
Significantly more patients enrolled in the patient
engagement programme used PAP over the 90-day period
than those who were not enrolled. Median PAP use in
those patients who were enrolled was 45 days (95% CI
42–48), and median PAP use in patients who were not
enrolled was 29 days (23–69). 3249 (79·1%) of 4109 users
of the patient engagement programme remained on
PAP therapy, compared with 2363 (57·5%) of the
16 424 participants not enrolled in the programme
(p<0·0001; figure 3). This effect was consistent across
each age group (figure 3).
Conversely, 860 (20·9%) patients enrolled in an engage
ment programme terminated therapy, as did 6974 (42·5%)

www.thelancet.com/digital-health Published online December 23, 2019 https://doi.org/10.1016/S2589-7500(19)30214-6

Articles

A

100

75
Active PAP use (%)

patients not enrolled in a programme. Additionally, the
presence of residual sleep apnoea had marked effects on
PAP use: patients with a rAHI of at least five events per h
had the lowest reported PAP use (1822 [55·6%], p<0·0001;
appendix p 2). Average 95th percentile pressure level over
90 days also influenced PAP use, with the lowest
95th percentile pressure range (4 to <6 cm H2O) being
associated with the lowest PAP use (1609 [52·0%],
p<0·0001; appendix p 2). Finally, median mask leak
averaged over 90 days was also significantly associated
with PAP use, which was lowest when average median
leak exceeded 24 L/min (282 [43·7%], p<0·0001;
appendix p 2). Using multivariate Cox regression
modelling, patient age, patient engagement programme
activation status, mask leak, rAHI, and 95th percentile
pressure and median leak remained significantly
associated with PAP use at the end of the 90-day period
(figure 4). Patient engagement programme activation
showed the greatest association with improved PAP use
compared with other variables, whereas increased median
mask leak was most likely to curb use or to lead to therapy
termination.

50

25

0

No patient engagement programme
(reference)
Inpatient engagement programme
OR 0·36 (95% CI 0·33–0·39)
0

p (log-rank) <0·0001

30

60

90

12 907

10 956

9450

3834

3552

3249

Time (days)

Number at risk
No patient 16 424
engagement
programme
Inpatient 4109
engagement
programme

B

4 to <6 years

6 to <12 years

100

Discussion
Active PAP use (%)

75

50

25

p (log-rank) <0·0001

0

p (log-rank) <0·0001

12 to <15 years

100

15 to <18 years

75
Active PAP use (%)

In our study, we report real-world data describing adhe
rence to PAP therapy in a paediatric population. To our
knowledge, this is the largest analysis of PAP adherence
in paediatric patients with obstructive sleep apnoea to
date. We found that most children were actively using
PAP therapy; 61·8% of the cohort were still using their
device after 90 days and did not have therapy terminated
due to 30 consecutive nights of non-use.However, only
46·3% of the cohort met CMS criteria for adherence at
90 days. This adherence compares favourably with other
chronic medical therapies in children,27 but is worse than
reports from studies using similar methods to measure
adherence in adults.28
We have also identified potential modifiable factors that
could be used as therapeutic targets to optimise adherence
in future studies of paediatric obstructive sleep apnoea.
Moreover, the identification of groups most likely to
struggle with PAP use could also help to guide clinical
decision making. For example, our data suggest that
young children aged more than 4 to less than 6 years and
teenagers aged 15 to less than 18 years might need closer
attention and support than other age groups, meaning
that age-specific behavioural interventions could be
needed.
Additionally, increased rAHI resulted in poor adher
ence. High rAHI might be indicative of subtherapeutic
pressures leading to suboptimal therapy, reducing an
individual’s motivation to use the PAP device. Our
finding that patients using higher PAP pressures had
better adherence potentially reflects better pressure
delivery and symptom resolution (although use of in
creased pressure could also be due to increased obstruc
tive sleep apnoea severity). Mask fit as denoted by mask

50

25

0

p (log-rank) <0·0001
0

30

60

90

p (log-rank) <0·0001
0

Time (days)

30

60

90

Time (days)

Figure 3: Effect of a patient engagement programme on PAP use in the entire cohort (A) and age-based
patient subgroups (B)
The number at risk reflects the number of remaining active PAP users at each time period. OR=odds ratio.

leak was also highly predictive of patient adherence.
Finally, we observed that a patient engagement pro
gramme was associated with a substantial beneficial
effect on PAP use in paediatric patients. This finding is
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HR (95% CI)

Patients (n)

p value

Age group
4 to <6 years

1052

Reference

6 to <12 years

6407

0·74 (0·66–0·84)

12 to <15 years

5125

1·00 (0·89–1·14)

0·94

15 to <18 years

7949

1·27 (1·12–1·43)

<0·0001

<0·0001

Patient engagement programme user
No

16 424

Yes

4109

0·46 (0·43–0·50)

0 to <1

4664

Reference

1 to <5

11 357

0·86 (0·80–0·91)

<0·0001

3275

1·27 (1·18–1·38)

<0·0001

Reference
<0·0001

Average rAHI (events per h)

≥5
Average median mask leak (L/min)
0 to <12

Reference

16 021

12 to <24

1271

1·39 (1·27–1·52)

<0·0001

≥24

645

1·51 (1·34–1·71)

<0·0001

Average 95th percentile pressure (cmH2O)
4 to <6

3095

Reference

6 to <8

5753

0·76 (0·71–0·82)

<0·0001

8 to <10

5770

0·61 (0·57–0·66)

<0·0001

10 to ≤20

5341

0·57 (0·53–0·62)

<0·0001

0·4

0·6

0·8

1·0

1·2

1·4

1·6

1·8

Negative association Positive association

Figure 4: Multivariate Cox regression model assessing the influence of known risk factors on PAP adherence
The total number of events was 5912. HR=hazard ratio. PAP=positive airway pressure. rAHI=residual apnoea–hypopnoea index.

consistent with adult studies,29 but was somewhat
surprising, given that all age groups appeared to benefit
from technologies developed for adult patients.
In reviewing the literature regarding strategies to
improve adherence to PAP therapy, we note that most
studies have been done in adults rather than in children.
Paediatric studies are small, with sample sizes ranging
from 29 to 140 patients.16–24 Moreover, reported PAP
adherence is highly variable (49–70% of patients),
perhaps as a consequence of the small study populations.
Additionally, these studies did not always identify factors
such as age, severity of obstructive sleep apnoea, mask
interface, and therapeutic pressure as predictors of
adherence. A European study evaluated adolescents
versus primary-school children and, similar to our
findings, showed that adolescents had worse PAP
adherence.24
Additional demographic factors, including race and
maternal education, have been previously reported to be
significantly associated with PAP adherence in children,17
but data on these parameters were not available in our
study because of privacy issues.
Another limitation of existing paediatric PAP literature
is the considerable heterogeneity in clinical practice
across different centres, including access to multidisci
plinary approaches that might involve child psychologists.
These differences mean that such studies might lack
generalisability. The inclusion of a large dataset from
across the USA is an important positive feature of our
6

study. For this preliminary analysis, we did not include
data for children outside the USA to try and ensure that
our population was relatively homogeneous. However, a
more global population will be included in future studies,
allowing evaluation and comparison of PAP adherence
for different devices and countries.
Our findings support monitoring of treatment effec
tiveness parameters collected by PAP devices as an
important strategy to identify methods to improve
adherence. It should be acknowledged that we are unclear
about how accurate PAP devices are at assessing sleepdisordered breathing in children. In theory, thresholds for
mask leak and rAHI detection in small children are
different from those in adults. Regardless, we clearly
advocate for further study of paediatric obstructive sleep
apnoea management and highlight the importance of
technological advancement with paediatric patients in
mind. Although we accept that adherence in children with
obstructive sleep apnoea appears lower than that reported
in adults, we would argue that the potential therapeutic
effect of treating children with obstructive sleep apnoea
could be substantial, given the vulnerability of the
developing brain and the potential for primary prevention
of adult cardiometabolic disease.30
The optimal definition of PAP adherence in children is
not yet clear. Given that total sleep time is longer in
children than in adults, it is possible that more hours of
PAP use are required to optimise health outcomes in
children than in adults. Furthermore, the usefulness of
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the CMS criteria used in our study for defining
adherence in children is also unknown. Presumably,
external factors such as travel (eg, summer vacation) or
occurrence of a respiratory illness, could contribute to
30 days of non-use. Published studies and clinical
experience both suggest that some children require time
to achieve motivation for adherence (ie, there is a
learning curve).31 Ultimately, decisions regarding
optimal PAP use will need to be data-driven on the basis
of robust health outcome measures.
Despite the strengths of our study, we acknowledge
several important limitations related to confounding
factors and the observational nature of our data. First, there
is insufficient detail about participant charac
teristics,
including diagnostic data and demographic information,
such as socioeconomic status. We were also unaware of
whether patients underwent additional interventions to
manage obstructive sleep apnoea (eg, adenotonsillectomy
or weight loss) during the study period, and whether such
interventions resulted in interruption or termination of
PAP therapy. Thus, our estimates should be considered
conservative, given that some patients who did not adhere
to PAP might have received alternative therapy. Second,
we did not do a randomised trial and thus we cannot
conclude with certainty that the patient engagement
programme was directly responsible for improved PAP
use. Instead, the association identified provides a
hypothesis and rationale for future randomised controlled
trials. In theory, the patients and families using the patient
engagement programme might be generally more
motivated or better educated than other groups, and thus
use PAP better.
We acknowledge that the patient engagement prog
ramme was designed for the specific PAP devices and we
cannot determine whether the specific patient engagement
programme we investigated is applicable to all currently
available PAP devices. Thus, further work would be
required to determine whether other platforms that supp
ort patient engagement would also contribute to improved
adherence. Third, study data were obtained only from
patients who used CPAP and APAP devices.Patients using
bilevel modes were excluded because the primary use of
bilevel PAP in children is for supportive ventilation rather
than treating obstructive sleep apnoea.
Therefore, our findings only apply to the devices and
population studied. Another important point to note is that
we might have included patients using CPAP or APAP for
indications not related to obstructive sleep apnoea, such as
upper airway resistance syndromes or hypoventilation.
Furthermore, because we used a single database, con
clusions cannot be drawn about other patient groups who
were not included. For example, we were unable to review
data from PAP devices from other manufacturers. Because
our ethics approval was limited to the USA, we support
studies that examine important issues in children with
sleep apnoea globally.32 However, in the USA, we view our
cohort as highly generalisable, given the geographical

variability and the large sample of unselected participants
in our analyses. Nevertheless, there are a group of patients
who have neither adequate health-care access nor access to
diagnostic sleep testing or to PAP therapy, who would not
have been included in our analysis. Therefore, we would
advocate for further study investigating how best to deliver
PAP treatment for all patients who need it.
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