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Background: There is increasing prevalence of moderate to severe obstructive sleep apnea (OSA) in adolescents, the majority of
whom receive treatment with positive airway pressure (PAP). Adherence to PAP is sub-optimal in adolescents with OSA. Moreover,
the impact of transition from pediatric to adult healthcare system on PAP adherence is unknown. This is relevant as the transition
period is a time of increased stress for youth with chronic illnesses.
Research Question: Does PAP adherence decrease during the 1-year transition period from pediatric to adult healthcare system in
those with OSA?
Study Design and Methods: Youth previously diagnosed with persistent OSA and treated with PAP in a large academic center (Toronto,
Canada) between 2017 and 2019 were enrolled on transfer from the pediatric to adult sleep clinic and followed at 12 months. Mixed-effects
linear regression models were used to investigate the effect of time since the transfer on objective PAP adherence with adjustment for
confounders.
Results: Among the 45 enrolled participants, 42.2%were female, themedian agewas 18 years (interquartile range [IQR]: 17–18),medianBMI
was 30.3 (IQR: 24.0–37.1), and themedian apnea-hypopnea index (AHI) was 17.8 events/hour (11.8–30.7). In univariate analysis, we observed
a significant reduction in the 12-month averagePAPusage in days used at follow-up compared to PAPuse at the timeof enrolment:median of 5.0
hours/day (IQR: 1.3–8.0) vs 2.6 hours/day (0.0–6.4), p < 0.0001. Following adjustment for age, level of education, employment status and living
arrangement, the 12-month average PAP usage in days remained significantly decreased at follow-up compared to at the time of enrolment:
change in hours of −1.14; 95% CI −2.27 to −0.01.
Interpretation: Among youth with OSA treated with PAP, there is a clinically significant reduction in PAP adherence over the
first year during the transition from pediatric to adult health care.
Keywords: CPAP adherence, transition care, obstructive sleep apnea, young adults, CPAP compliance

Plain Language Summary
Study Question: In youth, does the transfer from pediatric to adult sleep clinics impact adherence to PAP for OSA?

Results: This study demonstrates that in youth, PAP adherence at one year following transfer declines dramatically.
Interpretation: The negative impact of the transfer process on PAP adherence for OSA in youth requires further study to

elucidate the barriers to adherence and develop specific strategies to overcome PAP treatment reluctance or resistance in this
population.
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Introduction
In Ontario, Canada, the majority of youth transfer to adult health services by age 18 years. The transition period between
adolescence and adulthood is a time of significant change and increased psychological distress, especially, for youth with
chronic health conditions.1 Current research has identified that young adults find the transition to adult care as disjointed
and they struggle with the demands of increased responsibility for their own care.2,3 Non-adherence to medical
treatments is a common challenge among adolescents.4,5 Over the last 10 years, there has been a dramatic rise in
youth diagnosed with moderate to severe OSA.6 This increased prevalence of OSA in youth is attributed to increasing
childhood obesity,7 to the survival into adulthood of children with previously fatal complex medical disorders8 and to
increased awareness and diagnosis of OSA.9 The impact of persistent childhood OSA on future adult health outcomes is
unclear but recent evidence suggests that adolescents diagnosed with OSA are more likely to have a lower employment
status as young adults, earning lower income with greater dependence on social assistance and disability pension
compared to those without OSA.10 Positive airway pressure therapy (PAP) is the mainstay of treatment for OSA in
this population, and is highly efficacious. However, adherence with PAP is suboptimal at less than 50% in youth.11

Moreover, there are no data on whether changes in PAP adherence occur during the transition process from pediatric to
adult care and over the longer term. As recent studies suggest that low use of CPAP may still be beneficial to the
individual,12,13 the change in adherence over time maybe of more relevance than absolute thresholds (ie, categorizing
participants into adherent or non-adherent). Accordingly, the primary objective of this study was to evaluate the change
in adherence with PAP during the initial 12 months following transition from the pediatric to adult healthcare system in
young adults with OSA. The secondary objective was to identify factors associated with PAP therapy poor adherence. We
hypothesized that there would be a decrement in PAP adherence during the first 12 months of transfer of care to adult
health service.

Methods
Study Design/Population
This was a prospective observational cohort study of young adults with OSA transferred from the pediatric sleep clinic at
the Hospital for Sick Children to the Sleep Pediatric Transition (SlePT) clinic at University Health Network (UHN) for
ongoing clinical care enrolled between February 2017 and December 2019. The sleep clinics at both sites incorporate
recommended guidelines and processes for transition of care.14 Prior to transition, all patients underwent routine
otolaryngology assessment and if required treatment. Dental, medical weight loss and assessment for bariatric surgery
were performed if warranted. Eligible participants were those between the ages of 17 to 20 years old previously
diagnosed with OSA on a level 1 overnight polysomnogram (PSG) and on treatment with PAP for a minimum of 12
months prior to transfer to the adult sleep clinic. Exclusion criteria included those who had difficulties with commu-
nication due to language barriers, and those with a PAP device without the capability of monitoring adherence.

Procedures
Participants had medical history and demographics (age, sex, body mass index (BMI), race, education and employment
status), questionnaires and download of PAP adherence, assessed on enrolment (baseline) at UHN (T-0), at 6 months (T
+6) and at 12 months (T+12). Participants self-identified as White/non-Hispanic, Hispanic, African American/Black,
Asian, Indigenous and Other/unknown. At each time point, participant attendance at second or third level education and/
or employment status was documented. Baseline PSG data were from the diagnostic PSG performed at the pediatric
center closest to the time of transfer to adult care.

PAP Monitoring and Adherence
All participants had objective adherence monitored by downloading the compliance data either directly from the PAP
device or through a cloud-based tracking system. Data collected included the percentage of total nights the PAP device
was used, average and median usage over the total time and days used, the residual apnea-hypopnea index (AHI) and
mask leak stratified into normal range or excessive as per the PAP device. Objective PAP Adherence at T-0 was
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a download for the previous 12 months, at T+6 for the 6-month period from T-0, and T+12 for the 12-month period
from T-0.

Questionnaires
1) Epworth Sleepiness Scale (ESS) a measure of subjective daytime sleepiness;15 2) Pittsburgh sleep quality index
(PSQI), which assesses sleep quality over a one-month interval;16 3) Insomnia Severity Index (ISI) to assess the severity/
presence of insomnia;17 5) Fatigue severity scale (FSS), a measure of fatigue and its change over time;18 6) Generalized
Anxiety Disorder-7 (GAD-7) to assess for anxiety;19 7) Patient Health Questionnaire-9 (PHQ-9) to screen for, monitor
and measure depression;20 8) CPAP perception questionnaire (PAPPQ) that assess patients’ experiences, beliefs and
attitudes towards therapy on a likert-type visual analogue scale;21 9) EQ-5D-5L, a generic health-related quality of life
questionnaire that records health status and the EQ-VAS which records the participant’s self-rated health on a vertical
visual analogue scale.22

Approval for conduct of the study was from the UHN research ethics board (UHN- REB #14-8043). Written informed
consent prior to participation in the study was provided by the subjects or their legal guardians. The study was performed
in accordance with the Declaration of Helsinki.

Study Outcomes
The primary outcome was defined as the change in objective PAP adherence measured as the average PAP usage in days
used, hours per day, over the 1-year transition period (PAP adherence within 12 months before baseline and at 12-months
follow-up visit). The secondary definitions were: a) the change in PAP adherence as the average number of hours use
per day between T0 and T+6; and b) change in PAP adherence as the percentage of days used between T0, T+6 and
T+12.

Statistical Analysis
Descriptive statistics were used to characterize our population of interest at baseline (T0), at 6 (T+6) and 12 (T+12)
months, as applicable, using the Wilcoxon test for paired samples for continuous variables and McNemar’s test for paired
samples for categorical/nominal data. The level of significance was set at p < 0.05.

For the primary analyses, PAP adherence measured by time of PAP usage per day was compared between baseline
and 12-month follow-up visits using a paired Wilcoxon test. A Friedman test, as the appropriate post-hoc test is the
pairwise Wilcoxon rank sum test with a Bonferroni correction was used to compare all time points. To adjust for potential
confounders, risk factors, and additional time point, we used mixed-effects linear regression models to investigate the
effect of time (three time points – T-0, T+6 and T+12) on PAP adherence clustered by individuals. For the main model
(Model 1), as potential confounders, we selected variables with less than 10% of missing values at each time point
associated with PAP adherence that would also have changed over the same time period, such as age, combined variable
on the level of education and employment status and living arrangement. In Model 2, we further adjusted for potential
risk factors available at baseline that may affect PAP adherence such as time on PAP therapy before transition, sex,
ethnicity, a history of tonsillectomy and comorbidities with less than 10% of missing values: genetic conditions,
congenital heart failure, asthma, dyslipidemia, neurological and endocrine conditions, anxiety/depression. In addition
to Model 1, Model 3 included baseline OSA severity and PAP-related characteristics over time, such as baseline AHI,
minimum oxygen saturation (MinSaO2), mask type and residual AHI. Finally, in Model 4, in addition to Model 1, other
variables that can change over time (at a p-value of 0.2 or lower) and may be associated with PAP adherence, but with
more than 10% of missing values, were considered: weight, height, FSS, ESS, PAPPQ, and EQ-VAS.

For the secondary analyses, similar approaches described above were used to investigate the effect of time on
secondary definitions of PAP adherence.

Given the relatively small sample size for the missing values’ imputation, completed case analyses were conducted.
Missing values are reported in Supplementary Table 1. All statistical analyses were performed in the secure environment
following provincial privacy standards using RStudio Version 1.3.1073 (www.r-project.org; ©2009–2020
RStudio, PBC).
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Our preliminary sample size calculation was based on our ability to enroll 38 individuals over initial year of transition
period. With this sample size, we are able to detect a difference of at least 50 min in CPAP adherence with the standard
deviation ranged from 90 to 110 min at power of 80% and alpha of 0.05.23

Results
Of 69 patients screened between January 2017 and December 2019, 45 were enrolled in the study (Figure 1). Baseline
(T-0) characteristics are presented in Table 1. At baseline, the median age was 18 years with a median BMI of 30.3 kg/m2

of whom 42.2% were females. The majority of participants self-reported race/ethnicity as White/non-Hispanic. A high
percentage had confirmed genetic disorders (57.8%) and at least one comorbidity was reported in 93.3% of participants.
Although, these patients were diagnosed with OSAwithout associated hypoventilation, a high percentage were prescribed
BPAP (44%).

The most recent diagnostic PSG had been performed a median of 2.3 years (IQR: 1–4) prior to enrolment. The
median AHI was 17.8 events per hour (IQR: 11.8–30.7). The median time on PAP therapy before transition was 36
months (IQR: 18–62). The majority of subjects used fixed continuous PAP and the predominant interface was an oronasal
mask (Table 1). The median average PAP usage days used was 5 hours (IQR: 1.8 to 3) for 77% of all nights at T-0. PAP
termination, contrary to medical advice, occurred in 35.5% (n = 16) of participants over the 12-month period. No
individual who discontinued PAP at T+6 resumed treatment at T+12. Two participants were lost to follow-up and could
not be contacted (n = 4%). Despite initial clinic attendance by participants, subsequent attendance demonstrated a marked
decline at both T+6 (did not attend, n = 26, 57.8%) and T+12 (n = 18, 40.0%).

Primary Objective: Changes in PAP Adherence Following Transition
In univariate analysis, the average PAP usage in days used significantly decreased over time from baseline to T+12
(Table 2) for the primary outcome definition. Following adjustment for potential confounders in our main model such as
age, level of education, employment status and living arrangements (Model 1) a significant reduction in average PAP

Figure 1 Patient recruitment and study cohort.
Abbreviations: T+0, at baseline on transfer to adult sleep clinic; T+6, at 6 months post-transfer; T+12, at 12 months post-transfer; PAP, positive airway pressure; CSA,
central sleep apnea; BPAP, bilevel positive airway pressure; CPAP, continuous positive airway pressure; APAP, automatic positive airway pressure.
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Table 1 Baseline Characteristics, Sleep, Medical and Questionnaire Data (n = 45)

Variables Baseline

Age, years: median (IQR) 18.0 (17.0–18.0)

Sex, female: n (%) 19 (42.2)

BMI, kg/m2: median (IQR) 30.3 (24.0–37.1)

Race, n (%)

Asian 12 (26.7)

White 23 (51.1)

Black 4 (8.9)

Indigenous 1 (2.2)

Other/Mixed 5 (11.1)

Education/Work Status n, (%)

2nd level education 27 (60.0)

3rd level Education (beyond high school) 12 (26.7)

Working 3 (6.7)

Not working/Not in School 3 (6.7)

Living Independently: Yes 1 (2.2)

At least one reported medical comorbidity: Yes, n (%) 42 (93.3)

Dyslipidemia 6 (13.3)

Syndrome - Genetic Disorders 26 (57.8)

Congenital heart disease 8 (17.8)

Asthma 12 (26.7)

Neurological Disease 5 (11.1)

Endocrine Disease 6 (13.6)

Depression/Anxiety/Taking antidepressant or hypnotics 6 (13.3)

Previous tonsillectomy/adenoidectomy 21 (46.7)

Positive Airway Pressure-related variables, n (%)

Continuous Positive Airway Pressure 26 (57.7)

Automatic Positive Airway Pressure 3 (6.6)

Bilevel Positive Airway Pressure 19 (42.2)

Volume Assured Pressure Support 1 (2.2)

Mask type: oronasal (vs nasal/others) 29 (64.4)

Time on Positive Airway Pressure therapy before transition, months, median (IQR) 36.0 (18.0–62.0)

Polysomnogram Variables, median (IQR)

AHI (events/hour) (n missing =1) 17.8 (11.8–30.7)

(Continued)

Nature and Science of Sleep 2022:14 https://doi.org/10.2147/NSS.S345143

DovePress
157

Dovepress Narang et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


usage at 12 months was noted (Table 3). A reduction in average PAP usage at 12 months remained significant
additionally controlling for underlying medical co-morbidities and genetic conditions, sex and ethnicity (Model 2)
(Table 3). It became non-significant (but directionality confirmed the results), additionally controlling for other covariates
(Model 3 and 4), which may be impacted by >10% missing values (Supplementary Table 2) and the relatively small
sample size.

Similar results were noted utilizing secondary definition for PAP adherence (Tables 2 and 3). Although significant
reduction in percentage of days of PAP usage at T+12 in univariate analysis was attenuated and become non-significant
after adjusting for confounders, we directionally confirmed our results as based on estimates and 95% confidence
intervals.

Secondary Objective: Factors Associated with PAP Adherence at 12 Months
Limited by sample size and multiple comparisons, we found that self-identification of race as non-White, having
a diagnosis of anxiety or depression, living independently, higher level of the minimum oxygen saturation at the
diagnostic PSG and a higher PAPPQ score were significantly associated with a decrease in 12-month PAP usage (see
e-Table 2 for details).

Discussion
This is the first prospective study from a large academic hospital to evaluate the adherence to PAP following transition of
young adults from the pediatric to adult healthcare service in those with persistent OSA. In multiple analyses we
demonstrated that a significant reduction in average PAP therapy usage occurred during the first year following transition.

Table 1 (Continued).

Variables Baseline

Obstructive AHI (events/hour) (n missing =1) 17.7 (10.0–29.2)

Mean Sleep SpO2 (%) (n missing =1) 96.3 (94.9–97.2)

Minimum Sleep SpO2 (%) (n missing =2) 86.0 (79.1–91.0)

Questionnaires, median (IQR)

Epworth Sleepiness Score (n missing =3) 7.5 (3.0–10.0)

Pittsburgh Sleep Quality Index score (n missing =5) 3.5 (1.0–5.3)

Insomnia Severity Index (n missing =3) 6.0 (2.0–8.0)

Fatigue Severity Scale (n missing =3) 4.0 (1.9–5.1)

Generalized anxiety disease-7 Score (n missing =3) 1.5 (0.0–3.8)

Patient Health Questionnaire- 9 Score (n missing =3) 2.0 (1.0–7.0)

Positive Airway Pressure Perception Score (n missing =4) 16 (8–32)

EQ-5D-5L (n missing =5) 0.95 (0.85–0.95)

EQ-VAS (n missing =5) 80 (65–90)

Notes: Epworth Sleepiness score, ≥ 10/24 indicating sleepiness; Pittsburgh sleep quality index score >5/21 indicates worse sleep
quality; Insomnia severity scale > 7/28, indicating possible insomnia; fatigue severity scale, total score 9 with a higher score indicating
more fatigue; Generalized anxiety disease-7 score, >5/21 indicating moderate to severe anxiety; Patient Health Questionnaire-9 score,
>10/20 indicating depression; Positive Airway Pressure Perception Score, >16/60 indicates poorer perception of positive airway
pressure therapy; EQ-5D-5L, range −0.148 for the worst to 0.949 for the best standardized to Canadian normative values, EQ-VAS,
range 0 −100, the higher the score the better the patient’s self-rated health.
Abbreviations: n, number; %, percentage; BMI, body mass index; h, hour; AHI, apnea-hypopnea index; SpO2, oxygen saturation, IQR,
interquartile range, EQ-5D-5L, European quality of life score; EQ-VAS, European quality of life visual analogue scale.
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Furthermore, a significant minority of participants (35.5%) stopped PAP therapy during the first year while in the adult
healthcare system.

Studies assessing medium to long-term adherence (3 to 10 years) in the adult general population show heterogeneity with
adherence rates between 52% and 85%.24–26 In pediatric patients, a large cloud database study showed PAP adherence at 90
days of 61.8%.11 Reassuringly, a 24-month follow-up study in children showed stable adherence at greater than 50%.27

Adherence at baseline in our patient group was similar to the general population, but it is most notable for the significant drop
over the 12 months following transition, highlighting that transition to adult health care is a critical period in this adolescent
group. While no studies have looked at dose-response of necessary PAP adherence in adolescents, in adults nightly use of

Table 2 Univariate Changes in the Outcomes of Interest: Objective Measures of Adherence with PAP Treatment

Outcomes, Median
(IQR)

Baseline At 6 Months At 12
Months

P value: Baseline
vs 6 Months*

P value: Baseline
vs 12 Months*

Friedman
Test,
p value#

Primary definition

Average PAP usage in days

used, hours per day

5.0 (1.28–8.0)

N=44

3.7 (0.5–6.8)

N=43

2.6 (0.0–6.4)

N=43

0.009 <0.0001 <0.0001

Secondary definition

Percentage of days of PAP

usage

77 (28–98)

N=45

70 (24–98)

N=44

44 (0–99)

N=43

0.077 0.0002 <0.0001

Notes: *Paired Wilcoxon test for continuous variables. #For a Friedman Test, the appropriate post-hoc test is the pairwise Wilcoxon rank sum test with a Bonferroni
correction: a statistical difference at 0.10 or less was found only for comparison between baseline and at 12 months.
Abbreviation: PAP, positive airway pressure.

Table 3 The Effect of Time (Three Time Points – Baseline, 6 Months and 12 Months) on the Objective Positive Airway Pressure (PAP)
Treatment Adherence Measures

Outcomes Univariate* Model 1 Model 2 Model 3 Model 4

Estimates (95% Confidence Interval)

Primary definition: Average PAP usage in days
used, hours per day

Changes at 6 months −0.67 (−1.36 to
0.03)

−0.56 (−1.39 to
0.27)

−0.79 (−1.62 to
0.03)

−0.33 (−1.25
to 0.64)

0.11 (−1.34 to
1.61)

Changes at 12 months −1.40 (−2.09 to
−0.71)

−1.14 (−2.27 to
−0.01)

−1.64 (−2.75 to
−0.55)

−0.16 (−1.41
to 1.13)

−0.05 (−1.54
to 1.45)

Secondary definition: Percentage of days of
PAP usage

Changes at 6 months −4.42 (−12.60 to
3.74)

−1.50 (−11.18
to 8.19)

−3.91 (−13.62
to 5.62)

2.91 (−6.60 to
12.75)

14.81 (0.00 to

30.08)

Changes at 12 months −17.34 −25.51 to
−9.17)

−11.98 (−25.15
to 1.18)

−17.68 −30.75
to −4.94)

0.34 (−12.91
to 13.92)

3.67 (−11.73
to 19.25)

Notes: *Clustered by individuals. Results from a multilevel mixed effects linear regression models were presented as changes in PAP adherence at 6 and 12 months and 95%
confidence intervals. Model 1 (main model): fixed effect variables: demographics and socio-economic status related variables considered as potential confounders with less
than 10% of missing values: age, combined variable on the level of education and employment status and living arrangements. Model 2: Model 1 + variables available at
baseline: time on positive airway pressure therapy before transition, sex, ethnicity, a history of tonsillectomy and comorbidities with less than 10% of missing values: genetic
conditions, congenital heart failure, asthma, dyslipidemia, anxiety/depression, neurological and endocrine conditions. Model 3: Model 1 + OSA and PAP related
characteristics: baseline apnea-hypopnea index (AHI), minimum oxygen saturation (MinSpO2), mask type and residual AHI (more than 10% of missing values). Model 4:
Model 1 + other variables that can change overtime with more than 10% of missing values, which were associated with changes overtime in the univariate analyses at p-value
of 0.2 or lower: weight, height, Fatigue severity scale, Epworth sleepiness scale, Positive airway pressure perception score and EQ-VAS.
Abbreviation: PAP, positive airway pressure.
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more than 4, 6 and 7.5 hours is required to improve subjective sleepiness, memory and functional status, respectively.28

Alarmingly, most of our adolescents had PAP adherence below any of these absolute thresholds.

Factors Predictive of PAP Adherence
Secondary objectives of our study were to elicit factors that may be contributing to PAP adherence. In both adult and
pediatric studies, multiple factors have been inconsistently associated with PAP adherence including socio-demographic
characteristics, OSA severity, intolerance and side-effects of PAP therapy and psychosocial factors.29,30 In our study, time
following transition was the most significant factor controlling for confounders. Even with concerted efforts by the
clinical team, 4% (n = 2) were lost to follow-up, and in-person attendance at clinics was very low at 6 months (42%) and
12 months (60%), the reasons for which were not clear.

Neither age nor sex were predictors of adherence in our cohort. Age-related differences in adherence in large real-
world database studies have found lower adherence in those aged 18 to 30 years compared to older adults31,32 and
a cloud-based database cross-sectional study of 20,553 children evaluating 90-day PAP adherence also showed lower
adherence in the adolescent group (15–18 years).11 In our cohort, age was not predictive most likely due to the narrow
age range (17–18 years). In contrast to our study, adult studies with relatively similar sex distribution had lower
adherence in females.25,32 Our results may be explained in part by the majority of young adults continuing to live at
home. This may moderate peer pressure and perceived stigma associated with PAP usage in females, who endure greater
societal expectations with respect to body image.31

Our cohort was representative of the diverse population in Toronto.33 Non-white race was significantly associated
with lower PAP adherence. Other, but not all studies have also shown race/ethnicity to be a predictor of PAP adherence.34

The majority of US studies when adjusted for covariates have identified black race as a predictor of lower PAP usage
compared to whites.35,36 The reasons for this have not been fully elucidated, as neighbourhood socioeconomic barriers
were not the sole drivers for this poorer adherence.37

The presence of anxiety or depression was the only patient comorbidity negatively associated with PAP adherence.
This is in keeping with other studies that identified baseline anxiety as a predictor of PAP non-adherence.38,39 These
results suggest that the adequate screening for and treatment of underlying mood or anxiety disorders should be
considered in this young population to aid with improved PAP adherence. Sleepiness, fatigue or quality of life as per
the EQ-VAS were not predictors of PAP adherence in our study. This is consistent with other studies in the literature.36

The participant’s perceptions and attitudes to PAP were predictors of average PAP usage. This questionnaire indepen-
dently predicted mean PAP adherence in the first 30 days following a PAP titration study and is also predictive in our
patient group.21

Disease severity as determined by the AHI did not have an impact on PAP adherence as observed in other studies.40

However, there was an association between the minimum oxygen saturation and adherence, suggesting that those with
more severe intermittent hypoxia had greater average PAP usage. The reason for the greater adherence is unclear, but
may relate to previous education regarding the benefits of PAP or symptomatic improvement in these individuals. In our
group, a very high proportion of patients (64.4%) were prescribed oronasal interfaces on transfer from the pediatric
system. This is higher than the usual prevalence of oronasal masks in the adult population and the reasons for this are
unclear. While these masks were not identified as significant predictors of adherence in our study, previous studies have
identified greater patient preference for nasal masks41 and better adherence.42 Furthermore, a higher PAP pressure may be
required for oronasal masks43 which may further impact PAP adherence.44,45 Over the 12 months, two patients were
switched from oronasal to nasal masks. Ongoing reassessment of the mask interface may be important in this young
group to promote continued adherence.

This study has a number of limitations, in particular the relatively small sample size and missing data at different time
points. For some participants who did not attend follow-up clinics, some data collection was possible, for example,
remote download of PAP usage but completion of questionnaires was limited. The absence of this data was an
impediment to the assessment of, and adjustment for multiple confounders sequentially to assess changes in estimates
after each step. This may explain the failure to elicit associations for Models 3 and 4. Our cohort had a high frequency of
comorbid medical conditions, which may not be representative of young adults with OSA attending community clinics.
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The changes in physician communication language and style from pediatric to adult health care, implicit biases and poor
understanding of cultural beliefs may have had an impact on PAP adherence and attendance at clinics. Lastly, we did not
assess self-efficacy, an important predictor of PAP adherence.46

The current SlePT clinic was established due to an increase in pediatric patients with OSA requiring ongoing adult
care and to streamline the transition of young adults with sleep disorders to the adult healthcare system.14 The results
from our study suggest that further modification and evaluation of the program is required to improve patient participa-
tion with the health-care team and their OSA treatment. This is important as emerging evidence in youth with OSA
indicates that OSA is an independent risk factor for cardiovascular and metabolic disease, poorer psychosocial
functioning and lower QOL.47–49

Interpretation
We have shown a significant concerning reduction in adherence to PAP in young adults in the first year following transfer
to adult health care. There is an urgent need to ensure effective and sustained therapy for OSA in young adults to improve
long-term clinical and psychosocial outcomes in these individuals. Further research is needed to identify critical barriers
to PAP adherence in young adults. Moreover, novel strategies to promote effective engagement between adult healthcare
providers and young adults are paramount to enhance attendance at clinics.

Abbreviations
BMI, body mass index; CI, confidence interval; ESS, Epworth sleepiness scale; FSS, Fatigue severity Scale; GAD,
Generalised anxiety disorder; IQR, interquartile range; ISI, insomnia severity index; OSA, Obstructive sleep apnea; PAP,
Positive airway pressure; PHQ, Patient health questionnaire; PAPPQ, CPAP perception questionnaire; PSG, polysomno-
gram; PSQI, Pittsburgh sleep quality index; SlePT, Sleep Pediatric Transition; UHN, University Health Network.

Role of Sponsor
The study sponsor had no role in the design and conduct of the study; collection, management, analysis, or interpretation
of the data; preparation, review or approval of the manuscript; or decision to submit the manuscript for publication.

Grant Support
This study was funded by Physicians’ Service Incorporated Foundation grant number 16–29.

Author Contributions
C.R. is the guarantor of the article, taking responsibility for the integrity of the work as a whole, from inception to
published article. C.R., I.N. and T.K. conceptualized, designed and obtained funding for the study. A.H., U.M., C.G.
C. participated in data collection and conducted the study. T.K. performed data analysis. C.R., I.N. and T.K wrote the
manuscript. All authors contributed to data analysis, drafting or revising the article, have agreed on the journal to which
the article will be submitted, gave final approval of the version to be published, and agree to be accountable for all
aspects of the work.

Disclosure
I Narang has consulted for Bayer and is supported by the PSI foundation. C. Ryan reports grants from Physicians’
Service Incorporated Foundation, personal fees from Breso-Tec, during the conduct of the study. T. Kendzerska is
supported by the PSI foundation and received a speaker honorarium from AstraZeneca Canada Inc. The authors report no
other conflicts of interest in this work.

References
1. Ferro MA. Adolescents and young adults with physical illness: a comparative study of psychological distress. Acta Paediatrica. 2014;103(1):e32–37.
doi:10.1111/apa.12429

Nature and Science of Sleep 2022:14 https://doi.org/10.2147/NSS.S345143

DovePress
161

Dovepress Narang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1111/apa.12429
https://www.dovepress.com
https://www.dovepress.com


2. Varty M, Speller-Brown B, Phillips L, Kelly KP. Youths’ experiences of transition from pediatric to adult care: an updated qualitative metasynth-
esis. J Pediatr Nurs. 2020;55:201–210. doi:10.1016/j.pedn.2020.08.021

3. Uzark K, Wray J. Young people with congenital heart disease - transitioning to adult care. Prog Pediatr Cardiol. 2018;48:68–74. doi:10.1016/j.
ppedcard.2018.01.010

4. Nicolais CJ, Bernstein R, Saez-Flores E, McLean KA, Riekert KA, Quittner AL. Identifying factors that facilitate treatment adherence in cystic
fibrosis: qualitative analyses of interviews with parents and adolescents. J Clin Psychol Med Settings. 2019;26(4):530–540. doi:10.1007/s10880-
018-9598-z

5. Berquist RK, Berquist WE, Esquivel CO, Cox KL, Wayman KI, Litt IF. Non-adherence to post-transplant care: prevalence, risk factors and
outcomes in adolescent liver transplant recipients. Pediatr Transplant. 2008;12(2):194–200. doi:10.1111/j.1399-3046.2007.00809.x

6. Lumeng JC, Chervin RD. Epidemiology of pediatric obstructive sleep apnea. Proc Am Thorac Soc. 2008;5(2):242–252. doi:10.1513/pats.200708-
135MG

7. Verhulst SL, Van Gaal L, De Backer W, Desager K. The prevalence, anatomical correlates and treatment of sleep-disordered breathing in obese
children and adolescents. Sleep Med Rev. 2008;12(5):339–346. doi:10.1016/j.smrv.2007.11.002

8. Lee CF, Lee CH, Hsueh WY, Lin MT, Kang KT. Prevalence of obstructive sleep apnea in children with down syndrome: a meta-analysis. J Clin
Sleep Med. 2018;14(5):867–875. doi:10.5664/jcsm.7126

9. MacLean JE, DeHaan K, Chowdhury T, et al. The scope of sleep problems in Canadian children and adolescents with obesity. Sleep Med.
2018;47:44–50. doi:10.1016/j.sleep.2018.03.006

10. Jennum P, Rejkjaer-Knudsen M, Ibsen R, Kiaer EK, von Buchwald C, Kjellberg J. Long-term health and socioeconomic outcome of obstructive
sleep apnea in children and adolescents. Sleep Med. 2020;75:441–447. doi:10.1016/j.sleep.2020.08.017

11. Bhattacharjee R, Benjafield AV, Armitstead J, et al. Adherence in children using positive airway pressure therapy: a big-data analysis. Lancet Digit
Health. 2020;2(2):e94–e101. doi:10.1016/S2589-7500(19)30214-6

12. Billings ME, Levy P, Ayas N. Suboptimal CPAP adherence: half a loaf is better than no bread at all. Eur Respir J. 2020;55(3):2000144.
doi:10.1183/13993003.00144-2020

13. Gaisl T, Rejmer P, Thiel S, et al. Effects of suboptimal adherence of CPAP therapy on symptoms of obstructive sleep apnoea: a randomised,
double-blind, controlled trial. Eur Respir J. 2020;55(3):1901526. doi:10.1183/13993003.01526-2019

14. Heffernan A, Malik U, Cheng R, Yo S, Narang I, Ryan CM. Transition to adult care for obstructive sleep apnea. J Clin Med. 2019;8(12):2120.
doi:10.3390/jcm8122120

15. Johns MW. Reliability and factor analysis of the Epworth sleepiness scale. Sleep. 1992;15(4):376–381. doi:10.1093/sleep/15.4.376
16. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh sleep quality Index: a new instrument for psychiatric practice and

research. Psychiatry Res. 1989;28(2):193–213. doi:10.1016/0165-1781(89)90047-4
17. Morin CM, Belleville G, Belanger L, Ivers H. The insomnia severity index: psychometric indicators to detect insomnia cases and evaluate treatment

response. Sleep. 2011;34(5):601–608. doi:10.1093/sleep/34.5.601
18. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue severity scale. Application to patients with multiple sclerosis and systemic lupus

erythematosus. Arch Neurol. 1989;46(10):1121–1123. doi:10.1001/archneur.1989.00520460115022
19. Lowe B, Decker O, Muller S, et al. Validation and standardization of the Generalized Anxiety Disorder Screener (GAD-7) in the general

population. Med Care. 2008;46(3):266–274. doi:10.1097/MLR.0b013e318160d093
20. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern Med. 2001;16(9):606–613.

doi:10.1046/j.1525-1497.2001.016009606.x
21. Balachandran JS, Yu X, Wroblewski K, Mokhlesi B. A brief survey of patients’ first impression after CPAP titration predicts future CPAP

adherence: a pilot study. J Clin Sleep Med. 2013;9(3):199–205. doi:10.5664/jcsm.2476
22. Xie F, Pullenayegum E, Gaebel K, et al. A time trade-off-derived value set of the EQ-5D-5L for Canada. Med Care. 2016;54(1):98–105.

doi:10.1097/MLR.0000000000000447
23. Richards D, Bartlett DJ, Wong K, Malouff J, Grunstein RR. Increased adherence to CPAP with a group cognitive behavioral treatment intervention:

a randomized trial. Sleep. 2007;30(5):635–640. doi:10.1093/sleep/30.5.635
24. Campos-Rodriguez F, Martinez-Alonso M, Sanchez-de-la-torre M, Barbe F, Spanish Sleep N. Long-term adherence to continuous positive airway

pressure therapy in non-sleepy sleep apnea patients. Sleep Med. 2016;17:1–6. doi:10.1016/j.sleep.2015.07.038
25. Pepin JL, Bailly S, Rinder P, et al. CPAP therapy termination rates by OSA phenotype: a French nationwide database analysis. J Clin Med. 2021;10

(5):936. doi:10.3390/jcm10050936
26. Tsuyumu M, Tsurumoto T, Iimura J, Nakajima T, Kojima H. Ten-year adherence to continuous positive airway pressure treatment in patients with

moderate-to-severe obstructive sleep apnea. Sleep Breath. 2020;24(4):1565–1571. doi:10.1007/s11325-020-02033-0
27. Perriol MP, Jullian-Desayes I, Joyeux-Faure M, et al. Long-term adherence to ambulatory initiated continuous positive airway pressure in

non-syndromic OSA children. Sleep Breath. 2019;23(2):575–578. doi:10.1007/s11325-018-01775-2
28. Weaver TE, Maislin G, Dinges DF, et al. Relationship between hours of CPAP use and achieving normal levels of sleepiness and daily functioning.

Sleep. 2007;30(6):711–719. doi:10.1093/sleep/30.6.711
29. Mehrtash M, Bakker JP, Ayas N. Predictors of continuous positive airway pressure adherence in patients with obstructive sleep apnea. Lung.

2019;197(2):115–121. doi:10.1007/s00408-018-00193-1
30. Watach AJ, Xanthopoulos MS, Afolabi-Brown O, et al. Positive airway pressure adherence in pediatric obstructive sleep apnea: a systematic

scoping review. Sleep Med Rev. 2020;51:101273. doi:10.1016/j.smrv.2020.101273
31. Patel SR, Bakker JP, Stitt CJ, Aloia MS, Nouraie SM. Age and sex disparities in adherence to CPAP. Chest. 2021;159(1):382–389. doi:10.1016/j.

chest.2020.07.017
32. Woehrle H, Arzt M, Graml A, et al. Predictors of positive airway pressure therapy termination in the first year: analysis of big data from a German

homecare provider. BMC Pulm Med. 2018;18(1):186. doi:10.1186/s12890-018-0748-8
33. T.O health check; 2019. Available from: https://www.toronto.ca/wp-content/uploads/2019/11/99b4-TOHealthCheck_2019Chapter1.pdf. Accessed

March 2021.
34. Wallace DM, Williams NJ, Sawyer AM, et al. Adherence to positive airway pressure treatment among minority populations in the US: a scoping

review. Sleep Med Rev. 2018;38:56–69. doi:10.1016/j.smrv.2017.04.002

https://doi.org/10.2147/NSS.S345143

DovePress

Nature and Science of Sleep 2022:14162

Narang et al Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/j.pedn.2020.08.021
https://doi.org/10.1016/j.ppedcard.2018.01.010
https://doi.org/10.1016/j.ppedcard.2018.01.010
https://doi.org/10.1007/s10880-018-9598-z
https://doi.org/10.1007/s10880-018-9598-z
https://doi.org/10.1111/j.1399-3046.2007.00809.x
https://doi.org/10.1513/pats.200708-135MG
https://doi.org/10.1513/pats.200708-135MG
https://doi.org/10.1016/j.smrv.2007.11.002
https://doi.org/10.5664/jcsm.7126
https://doi.org/10.1016/j.sleep.2018.03.006
https://doi.org/10.1016/j.sleep.2020.08.017
https://doi.org/10.1016/S2589-7500(19)30214-6
https://doi.org/10.1183/13993003.00144-2020
https://doi.org/10.1183/13993003.01526-2019
https://doi.org/10.3390/jcm8122120
https://doi.org/10.1093/sleep/15.4.376
https://doi.org/10.1016/0165-1781(89)90047-4
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.5664/jcsm.2476
https://doi.org/10.1097/MLR.0000000000000447
https://doi.org/10.1093/sleep/30.5.635
https://doi.org/10.1016/j.sleep.2015.07.038
https://doi.org/10.3390/jcm10050936
https://doi.org/10.1007/s11325-020-02033-0
https://doi.org/10.1007/s11325-018-01775-2
https://doi.org/10.1093/sleep/30.6.711
https://doi.org/10.1007/s00408-018-00193-1
https://doi.org/10.1016/j.smrv.2020.101273
https://doi.org/10.1016/j.chest.2020.07.017
https://doi.org/10.1016/j.chest.2020.07.017
https://doi.org/10.1186/s12890-018-0748-8
https://www.toronto.ca/wp-content/uploads/2019/11/99b4-TOHealthCheck_2019Chapter1.pdf
https://doi.org/10.1016/j.smrv.2017.04.002
https://www.dovepress.com
https://www.dovepress.com


35. Billings ME, Auckley D, Benca R, et al. Race and residential socioeconomics as predictors of CPAP adherence. Sleep. 2011;34(12):1653–1658.
doi:10.5665/sleep.1428

36. May AM, Gharibeh T, Wang L, et al. CPAP Adherence predictors in a randomized trial of moderate-to-severe OSA enriched with women and
minorities. Chest. 2018;154(3):567–578. doi:10.1016/j.chest.2018.04.010

37. Schwartz SW, Sebastiao Y, Rosas J, Iannacone MR, Foulis PR, Anderson WM. Racial disparity in adherence to positive airway pressure among US
veterans. Sleep Breath. 2016;20(3):947–955. doi:10.1007/s11325-016-1316-1

38. Celik Y, Thunstrom E, Strollo PJ Jr, Peker Y. Continuous positive airway pressure treatment and anxiety in adults with coronary artery disease and
nonsleepy obstructive sleep apnea in the RICCADSA trial. Sleep Med. 2021;77:96–103. doi:10.1016/j.sleep.2020.11.034

39. Budhiraja R, Kushida CA, Nichols DA, et al. Impact of randomization, clinic visits, and medical and psychiatric cormorbidities on continuous
positive airway pressure adherence in obstructive sleep apnea. J Clin Sleep Med. 2016;12(3):333–341. doi:10.5664/jcsm.5578

40. Kendzerska T, Wilton K, Bahar R, Ryan CM. Short- and long-term continuous positive airway pressure usage in the post-stroke population with
obstructive sleep apnea. Sleep Breath. 2019;23(4):1233–1244. doi:10.1007/s11325-019-01811-9

41. Rowland S, Aiyappan V, Hennessy C, et al. Comparing the efficacy, mask leak, patient adherence, and patient preference of three different CPAP
interfaces to treat moderate-severe obstructive sleep apnea. J Clin Sleep Med. 2018;14(1):101–108. doi:10.5664/jcsm.6892

42. Zampogna E, Spanevello A, Lucioni AM, et al. Adherence to continuous positive airway pressure in patients with obstructive sleep apnoea.
A ten year real life study. Respir Med. 2019;150:95–100. doi:10.1016/j.rmed.2019.02.017

43. Deshpande S, Joosten S, Turton A, et al. Oronasal masks require a higher pressure than nasal and nasal pillow masks for the treatment of
obstructive sleep apnea. J Clin Sleep Med. 2016;12(9):1263–1268. doi:10.5664/jcsm.6128

44. Borel JC, Tamisier R, Dias-Domingos S, et al. Type of mask may impact on continuous positive airway pressure adherence in apneic patients. PLoS
One. 2013;8(5):e64382. doi:10.1371/journal.pone.0064382

45. Van Ryswyk E, Anderson CS, Antic NA, et al. Predictors of long-term adherence to continuous positive airway pressure in patients with obstructive
sleep apnea and cardiovascular disease. Sleep. 2019;42(10). doi:10.1093/sleep/zsz152

46. Wallace DM, Shafazand S, Aloia MS, Wohlgemuth WK. The association of age, insomnia, and self-efficacy with continuous positive airway
pressure adherence in black, white, and Hispanic U.S. Veterans. J Clin Sleep Med. 2013;9(9):885–895. doi:10.5664/jcsm.2988

47. Patinkin ZW, Feinn R, Santos M. Metabolic consequences of obstructive sleep apnea in adolescents with obesity: a systematic literature review and
meta-analysis. Child Obes. 2017;13(2):102–110. doi:10.1089/chi.2016.0248

48. Galland B, Spruyt K, Dawes P, McDowall PS, Elder D, Schaughency E. Sleep disordered breathing and academic performance: a meta-analysis.
Pediatrics. 2015;136(4):e934–946. doi:10.1542/peds.2015-1677

49. Yilmaz E, Sedky K, Bennett DS. The relationship between depressive symptoms and obstructive sleep apnea in pediatric populations: a
meta-analysis. J Clin Sleep Med. 2013;9(11):1213–1220. doi:10.5664/jcsm.3178

Nature and Science of Sleep Dovepress

Publish your work in this journal
Nature and Science of Sleep is an international, peer-reviewed, open access journal covering all aspects of sleep science and sleep medicine,
including the neurophysiology and functions of sleep, the genetics of sleep, sleep and society, biological rhythms, dreaming, sleep disorders
and therapy, and strategies to optimize healthy sleep. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

Nature and Science of Sleep 2022:14 DovePress 163

Dovepress Narang et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.5665/sleep.1428
https://doi.org/10.1016/j.chest.2018.04.010
https://doi.org/10.1007/s11325-016-1316-1
https://doi.org/10.1016/j.sleep.2020.11.034
https://doi.org/10.5664/jcsm.5578
https://doi.org/10.1007/s11325-019-01811-9
https://doi.org/10.5664/jcsm.6892
https://doi.org/10.1016/j.rmed.2019.02.017
https://doi.org/10.5664/jcsm.6128
https://doi.org/10.1371/journal.pone.0064382
https://doi.org/10.1093/sleep/zsz152
https://doi.org/10.5664/jcsm.2988
https://doi.org/10.1089/chi.2016.0248
https://doi.org/10.1542/peds.2015-1677
https://doi.org/10.5664/jcsm.3178
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com

	Plain Language Summary
	Introduction
	Methods
	Study Design/Population
	Procedures
	PAP Monitoring and Adherence
	Questionnaires

	Study Outcomes
	Statistical Analysis
	Results
	Primary Objective: Changes in PAP Adherence Following Transition
	Secondary Objective: Factors Associated with PAP Adherence at 12 Months

	Discussion
	Factors Predictive of PAP Adherence

	Interpretation
	Abbreviations
	Role of Sponsor
	Grant Support
	Author Contributions
	Disclosure
	References

