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Purpose: Positive airway pressure (PAP) therapy is an effective treatment prescribed to children with sleep disordered breathing
(SDB); however, PAP adherence remains challenging. Given that COVID-19 pandemic continues to impact sleep and daily life, the
aim of this study was to evaluate longitudinal trajectory of PAP usage in children during the COVID-19 pandemic.
Patients and Methods: This was a retrospective study. Children aged 1–18 years with SDB prescribed PAP at The Hospital for Sick
Children (Toronto, Canada) were evaluated for PAP adherence. Demographics, medical history and PAP adherence data during four
consecutive 3-month time periods from December 2019 to December 2020 were collected. These four time periods included i) prior to
COVID-19 lockdown, ii) during the first three months of lockdown, iii) summer and iv) return to school period. Percentage of days
where PAP was used for ≥4 hours and average nightly usage of PAP were primary outcomes.
Results: A total of 149 children (61.7% male, mean (±SD) age=12.8 ± 4.1 years, BMI (±SD) z-score=1.45±1.43) were enrolled.
Compared to prior to lockdown, the median (IQR) of percentage of PAP usage ≥4 hours and average nightly usage of PAP declined
significantly during the summer and return to school periods (p<0.001 for all). By the end of the return to school period, only 69/149
(46%) showed sustained PAP usage and 80/149 (54%) had decreased PAP usage. Obesity was a risk factor for a decline in PAP usage
after returning to school (β=−15.36, p=0.03).
Conclusion: Compared to COVID-19 pre-pandemic PAP usage, there was a significant decline in PAP usage across COVID-19
pandemic. There is critical under usage of PAP in children diagnosed with SDB, resulting in an urgent need to address barriers to
mitigate poor adherence to PAP long-term. Targeted strategies are required to optimize PAP adherence in children with SDB.
Keywords: COVID-19 pandemic, sleep disordered breathing, longitudinal, positive airway pressure adherence, children

Introduction
Positive airway pressure (PAP) therapy such as continuous positive airway pressure (CPAP) and bi-level positive airway
pressure (Bi-level PAP) is commonly prescribed to children in the home with chronic respiratory disorders including
sleep disordered breathing (SDB), chronic lung disease and neuromuscular weakness.1,2 SDB encompasses obstructive
sleep apnea (OSA), central sleep apnea (CSA) and/or nocturnal hypoventilation (NH).3,4 Consistent PAP use is highly
efficacious for eliminating the nightly SDB and associated with several health benefits including better mood, improve-
ments in neurocognitive and behavioral function, enhanced academic performance, improved quality of life and
reductions in cardio-metabolic risk in children.4–6 Although PAP is an effective treatment for SDB, adherence remains
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a significant challenge with less than 50% of children using PAP more than 4 hours a night, thereby reducing the
effectiveness of PAP.7–11 Interestingly, these observations are reported across all ages and developmental stages in
children.9–14 Factors positively influencing PAP adherence include underlying medical diagnosis (children with devel-
opmental delay were more likely to be adherent with PAP than those without a developmental delay diagnosis), practical
caregiver support, patient engagement programs, time since PAP was initially prescribed, having a family member on
PAP therapy as a “role model”, physical design of the PAP machine and perceiving benefits of PAP use.11,14–16

Given the challenges of PAP adherence, there are concerns regarding the impact of the COVID-19 pandemic as
a result of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) on PAP adherence.17 It is now well
documented that access and delivery of medical care has changed dramatically from in-person office visits to virtual
care as a result of COVID-19 pandemic.18 Specifically, within sleep medicine, COVID-19 pandemic has impacted access
to polysomnograms (PSG) eg, reduction of available in laboratory PSG and reduction in home sleep testing; pivoted in-
person clinic visits to virtual visits and delays in receiving therapeutic interventions.19,20 Interestingly, a study of 7485
adults in France showed that CPAP adherence improved during a one-month period of the COVID-19 lockdown
compared to one-month prior to the lockdown from an average of 386 minutes per night prior to the lockdown to 401
minutes per night during lockdown, resulting in a 3.9% increase in adherence.21 A cross-sectional study of CPAP
adherence in 101 adults with OSA showed that CPAP adherence significantly improved during a 40-day period of the
COVID-19 lockdown compared to a 6-month period prior to the lockdown.22 Factors associated with improved PAP
adherence included good CPAP adherers prior to lockdown, the female gender and younger age.22 Similarly, in our own
center, we recently published data on 151 children with SDB prescribed PAP therapy with objective data showing that
63% of children with SDB in fact had increased PAP adherence during the first 3 months of lockdown compared to 3
months prior to lockdown; specifically, 1) an increase in the median of percentage of days of PAP usage for ≥ 4 hours
(76.7 versus 62.0%, p = 0.02) and 2) average nightly PAP usage (406.0 versus 367.0 minutes, p = 0.006) respectively.23

However, there is emerging data that highlights significant changes in sleep schedule, physical activity behaviours and
mental health of children and caregivers.,24,25 which together may adversely affect longer-term pediatric PAP adherence.
We hypothesized that despite the increase in PAP adherence observed in our cohort immediately during the lockdown
period,23 PAP adherence would subsequently decrease over time to usage observed prior to the COVID-19 pandemic.
Thus, the aim of this study was to evaluate and compare PAP adherence at four distinct 3-month time periods which
included prior to COVID-19 lockdown, during the first three months of lockdown, summer period (no school) and return
to school.

Materials and Methods
Study Population
Children aged 1–18 years old with a diagnosis of OSA, CSA and/or NH prescribed PAP at The Hospital for Sick
Children (Toronto, Canada) were eligible for this study. Specifically, the study population consisted of all children who
were prescribed PAP at home prior to the COVID-19 pandemic in Ontario, Canada and continued to be prescribed PAP
over the subsequent year. We did not deselect or exclude any patients based on their PAP usage at the time. Adherence to
PAP was evaluated performed during four consecutive 3-month time periods as follows: 1) prior to COVID-19 pandemic
in Ontario, Canada (December 18, 2019- March 16, 2020); 2) during the first three months of the pandemic (March 17-
June 14, 2020), with the COVID-19 lockdown, declared on March 17th, 2020 in Ontario, Canada; 3) summer (June 15-
September 13, 2020) and 4) return to school (September 14- December 12, 2020). Children were excluded if 1) PAP
adherence download data was not available during all four distinct time periods and 2) Children were asked to terminate
PAP by their medical provider during this time period. Objective PAP usage was obtained via PAP device data reports
acquired remotely. Medical records were retrospectively reviewed which included baseline demographics (age, gender,
height, weight and body mass index (BMI)), medical history such as primary diagnosis, comorbidities, allergies,
medications, type of SDB, history of adenotonsillectomy (AT), type of PAP therapy, duration of initiation of PAP
therapy, independent PAP user (eg able to apply and use PAP at home independently of parental/caregiver support as
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determined by the respiratory therapist following the child’s PAP adherence patterns), and PAP adherence data. Obesity
was characterized by a BMI more than or equal to the 95th percentile for gender and age.26

PAP Adherence
PAP usage was assessed remotely via device data reports as previously reported.23 All participants used ResMed PAP
devices and objective PAP adherence were assessed by the software including Airview for CPAP (ResMed; San Diego,
CA, USA) and ResScan for Bi-level PAP (ResMed; San Diego, CA, USA).27

The primary outcomes were i) percentage of days where PAP was used for 4 hours or more usage (%) and ii) average
nightly usage (minutes) defined as the average minutes of PAP use based on only the days where PAP was used. Overall
percentage of days that PAP was used (regardless of duration of usage), and average total usage (minutes) which was
defined as the average minutes of PAP use based on all the days were collected.

Statistical Analysis
Data were analyzed with SPSS version 26.0 (IBM Corp, Armonk, NY). Descriptive statistics, including frequencies of
and percentages for categorical variables, mean (±standard deviation; SD) and median (interquartile range; IQR) for
continuous variables, were computed for baseline characteristics and PAP parameters. PAP adherence was compared
prior to and during lockdown as well as summer and return to school periods using the Friedman test. Mixed-design
repeated measures ANOVA subgroup analyses were also performed to compare PAP adherence data across time periods
with between-subject factors including sex, diagnoses, e.g obesity and/or underlying medical complexity such as Down
syndrome, age, and whether the child was an independent PAP user. Bonferroni post-hoc testing method was performed
for statistically significant differences to adjust for multiple comparisons. The degree of change in PAP adherence data
between time periods were also compared between different subgroups using the Mann–Whitney U-test. Multiple linear
regressions to evaluate the association between the percentage of days with a ≥ 4-hour PAP usage and average nightly
PAP usage as the primary outcomes, and baseline characteristics as well as days of PAP use.

Ethics
The present study was approved by the Research Ethics Board at The Hospital for Sick Children (REB #1000071460),
Toronto, Canada.

Results
Of the 151 in the original study,23 we were able to obtain data on 149/151 as 2 children had no follow-up PAP usage data
available during summer and return to school. In this cohort, 92/149 (61.7%) were male (Table 1). The mean (±SD) age and
BMI z-score of the study population were 12.8±4.1 years and 1.45±1.43, respectively. The mean (±SD) duration of
prescribed PAP therapy was 3.5 ± 2.7 years. With regards to underlying diagnosis, 53/149 children (35.6%) were obese
with no other co-existing medical conditions; 94/149 (63.1%) had an at least one underlying medical condition (eg, Trisomy
21, craniofacial abnormalities, Chiari malformation, achondroplasia, etc.) and the remaining 2/149 (1.3%) were otherwise
healthy with no underlying medical diagnosis. In the cohort, 68.5% were prescribed CPAP and 31.5% were prescribed Bi-
level PAP. Overall, 35% were described as independent users of PAP and 58.4% had a previous AT.

PAP download data were collected over a mean (±SD) period of 87±11 days prior to lockdown, 89±5 days during
lockdown, 89±5 days during summer, and 89±7 days during return to school, respectively (Table 2). Significant
differences in PAP usage parameters were found across time periods (p<0.001 for all). Specifically, in the cohort,
there was a significant increase in median (IQR) percentage of PAP usage for a minimum of 4 hours and average nightly
usage during lockdown compared to prior to lockdown. However, during summer and return to school, a further decline
was observed across all PAP usage outcome measures, where PAP usage was lower compared to prior to lockdown
(Table 2 and Figure 1).

Of the 149 children, 95/149 (64%) showed an increase in PAP usage and the remaining 54/149 (36%) showed
a decrease or no change in PAP usage during the first three months of lockdown. Further, 10 (7%) had an abrupt
termination in PAP usage during the first three months of lockdown, where 7 (70%) had at least one underlying medical
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condition and 3 (30%) were obese with no other co-existing medical conditions. PAP usage was resumed among 7/10
(70%), with 3 children restarting during summer and another 4 children restarting after returning to school. Particularly
during summer, 76/149 (51%) showed an increase in PAP usage while 73/149 (49%) showed a decrease or no change in
PAP usage. An additional 15 children (10%) also abruptly terminated PAP usage. PAP usage was resumed among 6/15
(40%) during return to school. Similarly, abrupt termination of PAP usage was observed among an additional 8 children
(5%) during return to school (Figure 2). Interestingly, 3/149 (2%) had used PAP prior to lockdown but stopped using PAP
during lockdown and did not restart PAP throughout the rest of the study period.

Overall, during return to school, 69/149 (46%) showed at least sustained PAP usage with the majority, 67/69 (97%)
showing increased PAP usage as compared to prior to lockdown. Specifically, those who showed an increase in PAP
usage after returning to school showed a median (IQR) increase in average nightly usage of 70 (25–129.5) minutes or
a percent change of 22 (10–53)% from prior to lockdown. The remaining 80/149 (54%) had decreased PAP usage during
return to school as compared to prior to lockdown, where these children showed a median (IQR) decrease in average

Table 1 Baseline Demographic and Clinical Characteristics of the Study Population

Characteristics Participants (N=149)

Age (years) 12.8 ± 4.1

Male, n (%) 92 (61.7)

Weight (kg) 69.6 ± 43.8

Height (cm) 145.7 ± 25.8

Body mass index z-score 1.45 ± 1.43

Duration of non-invasive ventilation (years) 3.5 ± 2.7

Previous adenotonsillectomy, n (%) 87 (58.4)

Independent PAP users, n (%) 52 (34.9)

Race Caucasian/White, n (%) 55 (36.9)

Asian, n (%) 32 (21.5)

African-American/Black, n (%) 23 (15.4)

Others (eg, Mixed, Native, Hispanic), n (%) 22 (14.8)

Did not self-identify, n (%) 17 (114)

Diagnosis Underlying medical conditions, n (%) 94 (63.1)

Obesity, n (%) 53 (35.6)

Healthy, n (%) 2 (1.3)

Type of Sleep Disordered
Breathing

OSA only, n (%) 109 (73.2)

OSA and/or CSA with nocturnal hypoventilation 33 (22.1)

Nocturnal hypoventilation only, n (%) 4 (2.7)

CSA only, n (%) 3 (2.0)

Type of Non-Invasive
Ventilation

CPAP, n (%) 102 (68.5)

Bi-level PAP, n (%) 47 (31.5)

Note: Data presented as mean ± SD unless otherwise indicated.
Abbreviations: Bi-level PAP, Bi-level positive airway pressure; CPAP, continuous positive airway pressure; CSA, central sleep apnea; OSA, obstructive
sleep apnea; PAP, positive airway pressure.
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nightly usage of −91 (−171 - −32.3) minutes or percent change of −30 (−99 - −11)% from prior to lockdown. Of the 80
children who showed decreased PAP usage, 20/80 (25%) or 13.4% of the entire cohort, showed termination of PAP.
Among these 20 children, 12/20 (60%) were obese with no other co-existing medical conditions.

Table 2 Positive Airway Pressure Data Across Time

Measure Prior to Lockdown
(Dec 2019 to
March 2020)

During Lockdown
(March 2020 to
June 2020)

Summer (June 2020 to
Sept 2020)

Return to School
(Sept 2020 to
Dec 2020)

p-value

Number of days of

PAP download data
collection

87±11 days 89±5 days 89±5 days 89±7 days 0.08

Percentage of days of
PAP use (%)

76.0 (36.0–93.7) 87.0 (39.0–100.0)b, c 65.5 (10.6–96.3)b 72.0 (13.3–98.4)c <0.001a

Percentage of days with

≥ 4 hr PAP usage (%)

62.0 (15.8–89.0)d, e 77.0 (20.0–94.0)b, c, d 44.0 (3.0–85.0)b, e 44.0 (6.4–92.5)c <0.001a

Average nightly usage

(minutes)

367.0 (219.0–500.5)d 409.0 (247.5–527.5)b, c, d 322.0 (124.0–493.0)b 331.0 (100.5–521.0)c <0.001a

Average total usage

(minutes)

279.0 (99.0–409.0) 310.0 (108.5–443.5)b 210.0 (19.5–420.0)b 216.0 (39.5–432.5) <0.001a

Notes: Number of days of PAP download data collection presented as mean (± SD). Data presented for N=149 as median (25th-75th percentile) unless otherwise indicated.
P-values were calculated using the Friedman test or repeated measures ANOVA based on data distribution, and Bonferroni post-hoc testing was performed for statistically
significant differences. a p≤0.05 represents a statistically significant difference across time periods. b Statistically significant difference between during lockdown and summer
periods. c Statistically significant difference between during lockdown and return to school periods. d Statistically significant difference between prior to lockdown and during
lockdown periods. e Statistically significant difference between prior to lockdown and summer periods. Prior to lockdown: December 18, 2019-March 16, 2020. During
lockdown: March 17-June 14, 2020. Summer: June 15-September 13, 2020. Return to school: September 14-December 12, 2020. Percentage of days of PAP use – Overall
percentage of days that PAP was used regardless of duration of usage. Percentage of days with ≥ 4 hr PAP usage – Percentage of days where PAP was used for ≥ 4 hours
usage. Average nightly usage – Average minutes of PAP use based on days where PAP was used. Average total usage – Average minutes of PAP use based on all the days over
which the data was collected.

Figure 1 Primary outcomes for PAP adherence use across time periods. Median and IQR values are shown for (A) percentage of days with a minimum of 4-hour PAP usage,
and (B) average nightly usage of PAP (eg, average minutes of PAP use based on days where PAP was used), across four time periods. *Indicates significant differences between
the corresponding time periods (p<0.05).
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Further subgroup analyses were also performed, where the primary outcomes of PAP adherence were compared
between and within different subgroups including 1) underlying diagnoses, children with obesity versus children with
underlying medical complexity (with and without obesity) 2) males versus females, 3) children who were 12 years and
younger, between 12 and 15 years old, or 15 years and older, and 4) CPAP or Bi-level PAP users (Supplementary
e-Tables 1–4, respectively, and Figure 3). After adjusting for use of PAP prior to the lockdown, percentage of days with
a minimum of 4-hour PAP usage was significantly higher for those with underlying medical conditions compared to
children with obesity prior to lockdown (p=0.009), during lockdown (p=0.001), summer (p=0.02) and return to school
(p=0.007) (Supplementary e-Table 1 and Figure 3A). However, the absolute degree of change (hours) in the minimum of
4-hour PAP usage did not significantly differ between both groups across time (during lockdown: p=0.29; summer:
p=0.85; return to school: p=0.18). Similarly, no significant differences were found with percent change in the minimum
of 4-hour PAP usage between those with underlying medical conditions and those with obesity (during lockdown:

Figure 2 Flow chart of subject recruitment and changes in PAP usage across the 9-month period following the start of the COVID-19 lockdown.
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p=0.78; summer: p=0.60; return to school: p=0.15). No significant between-group differences were found for either
primary outcome between males and females, age groups as well as CPAP and Bi-level PAP users (Figure 3B–D).

PAP usage was also evaluated among independent and dependent PAP users, with dependent PAP users showing
significantly higher percentage of days with a minimum of 4-hour PAP usage prior to lockdown (p=0.007), during
lockdown (p=0.02), summer (p=0.01) and return to school (p<0.001) (Figure 3E). There were no significant differences
between independent or dependent PAP users across time in either the absolute degree of change (hours) (during
lockdown: p=0.75; summer: p=0.76; return to school: p=0.07) or the percent change in the minimum of 4-hour PAP
usage (during lockdown: p=0.87; summer: p=0.45; return to school: p=0.15). Similarly, dependent PAP users

Figure 3 Continued.
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demonstrated higher average nightly usage prior to lockdown (p=0.02), during lockdown (p=0.01), summer (p=0.02) and
return to school (p=0.002). However, no significant differences were found between groups across time in the absolute
degree of change (minutes) (during lockdown: p=0.72; summer: p=0.46; return to school: p=0.11) or the percent change
in average nightly usage (during lockdown: p=0.92; summer: p=0.41; return to school: p=0.09). Within the dependent
group, PAP usage was compared between children with and without development delay (Supplementary e-Table 5).
There were no significant between-group differences; however those with developmental delay showed significantly
higher percentage of days with a minimum of 4-hour PAP usage (p=0.02) and average nightly usage (p=0.05) during
lockdown compared to the summer period.

In terms of within-group differences, a similar trend was observed among most subgroups where the percentage of
days with a minimum of 4-hour PAP usage and average nightly usage was significantly higher during lockdown (p<0.05)
compared to either prior to lockdown, summer or return to school. In children with obesity, average nightly usage was
significantly higher during lockdown compared to return to school (p=0.02); however, no significant differences were
found in the percentage of days with a minimum of 4-hour PAP usage in this subgroup across the time periods
(Supplementary e-Table 1 and Figure 3A).

Previously, using hierarchical multiple regression models, we found that children with obesity were more likely to
show a decline in the percentage of days with a minimum of 4-hour PAP usage during lockdown compared to those with
underlying medical conditions. Similar models were performed to determine associations between the percentage of days
with 4-hour PAP usage during summer and return to school as the dependent variables. Baseline characteristics that can

Figure 3 Percentage of days with a minimum of 4-hour PAP use and average PAP usage on nights used (eg, average minutes of PAP use based on days where PAP was used) across
time periods for different subgroups. Mean and SD values for (A) children with underlying medical conditions versus obesity, (B) males versus females, (C) those aged <12 years,
between 12 and 15 years, and ≥15 years, (D) those who used CPAP versus Bi-level PAP, and (E) independent versus dependent users, across four time periods (before lockdown,
during the first 3months of lockdown, summer time and return to school). Percentage of days with aminimumof 4-hour use and average PAP usage on nights used are shown on the
left and the right, respectively. Similar letters denote significant differences between the corresponding time periods within each group. The following symbols indicate significant
differences between groups at the following periods: * - each of the four time periods, and✢ - return to school.
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affect PAP use such as age (years), diagnosis (obese or other medical conditions), sex (male or female) and PAP type
(CPAP or Bi-level PAP) as well as the use of PAP prior to the lockdown were included in the regression models. No
significant associations were found during summer; however, during return to school, a significant association was found
where children with obesity were more likely to demonstrate a decrease in the percentage of days with 4-hour PAP usage
compared to those with underlying medical conditions (β=−15.36, p=0.03) (Table 3). Using similar models with average
nightly PAP usage as the dependent variable, no significant associations were found during summer or return to school.

Discussion
To our knowledge, there are no current published studies that have evaluated the longitudinal trajectory of PAP usage in
children since the pandemic has begun. Our principal finding demonstrated that 1) PAP adherence in children with SDB
decreased across 9 months period after the start of COVID-19 lockdown, where 54% showed an overall decrease in PAP
usage by the end of the 9-month period; 2) Dependent PAP users had significantly higher PAP usage compared to
independent PAP users; 3) Children with underlying medical conditions had greater number of days of PAP usage; and 4)
Obesity was a risk factor for a decline in PAP usage. Risk factors associated with decline in PAP use are well
documented which includes independent status and lack of support from family or health-care team,11,15,28,29 discomfort
of the PAP device (mask leak, PAP pressure and tubing),8,16,29 negative experiences or attitude with PAP,28 difficulty
adapting,28 and a lack of subjective symptom improvement16,28,29 as well as fear or embarrassment regarding treatment.28

Our study showed a significant further decline from baseline PAP usage during specific time periods of the COVID-19
pandemic which suggest that there are additional risk factors during this time periods.

Despite the fact that PAP is an effective treatment to minimize symptoms of SDB, PAP therapy is not always well
tolerated in both pediatric and adult populations and long-term adherence to treatment can be problematic.11–14,30

A comprehensive systematic literature review of 82 adult studies regarding CPAP adherence over a twenty year time-
frame (1994–2015) found that the rate of CPAP adherence remained persistently low over twenty years with PAP non-
adherence rate of 34.1%.30 Similarly, in children, PAP adherence rates as determined by objective analyses over 20,000
children prior to the pandemic was 61.8%8 which is similar to our data at the start of the pandemic.

However, of concern, our data showed that there was a further decline in PAP usage during the COVID-19 pandemic.
The reasons for changes in PAP adherence over time in our cohort are likely to be multifactorial including attendance of
in-person versus online school as well as COVID-19 pandemic and restrictive measurements.24,25,31–34 These changes
have impacted sleep routine schedules while also resulting in poorer quality of sleep, decreased physical activity, increase
in sedentary behavior and screen time as well as adverse psychological and mental health effects on children and
caregivers.24,25,31 A recent study examined the impact of the COVID-19 pandemic on the 24 hours movement behaviors
of 2661 Canadian students in grades 7–11 (43.4% male) over a one year period in Montral, Quebec, Canada.32 The study
demonstrated that the variability in the 24 hour movement behaviors were consistent with the restrictive measures
imposed by the government as well as the COVID-19 pandemic direct and indirect effects.32 It was observed that most

Table 3 Multiple Regression Analysis Assessing Factors Associated with Percentage of Days with a Minimum 4-Hour Usage of Positive
Airway Pressure After Returning to School

Parameters Coefficients Standard Error p-value

Age −1.23 0.81 0.13

Diagnosis (eg, Obesity or Underlying Medical Conditions) −15.36 7.12 0.03a

Sex (Male or Female) −1.75 6.74 0.80

PAP Type (eg, CPAP or Bi-level PAP) −1.11 7.10 0.88

Number of days of PAP download data collection prior to lockdown 0.45 0.30 0.13

Notes: P-values were calculated using linear regression. ap≤0.05 represents statistical significance. Model shows significant association with obesity, suggesting that children
with obesity were more likely to demonstrate a decrease in the percentage of days with 4-hour PAP usage compared to those with underlying medical conditions (p=0.03).
Abbreviations: Bi-level PAP, Bi-level positive airway pressure; CPAP, continuous positive airway pressure; PAP, positive airway pressure.
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children and adolescents had highest percentage of increased recreational screen time (68%) with the highest percentage
(55%) of decreased physical activity between March 13 to June 2020, which was consistent with the timing of the
COVID-19 lockdown that started on March 13, 2020 that led to severe restrictive measures and high schools closures
with remote learning. Moreover, 49% of the participants reported a decrease in their sleep duration and 47% of them
experienced poor sleep quality during this time,32 factors which may have impacted PAP use in our cohort. Other factors
that may have influenced PAP adherence may include seasonal variation as adolescents have earlier bedtimes in the
winter and spring compared to later bedtimes in the summer.34–36 A recent study among adults with OSA also
demonstrated that seasonal changes were associated with CPAP adherence.37 In this study, adults who were adherent
to CPAP (eg, 70% of PAP use for ≥ 4 hours over a one-year period) showed both a lower percentage of CPAP use for ≥ 4
hours daily and daily duration of CPAP use during the summer compared to other seasons. Among adults who were non-
adherent to CPAP, the percentage of CPAP use for ≥ 4 hours daily was greater in the spring compared to other seasons,
with the daily duration of CPAP use being the shortest in the summer and longest in the winter.37 Our results showed
a similar trend with PAP usage during the pandemic, where children showed lower PAP usage in the summer compared
to the spring and winter months.

Despite overall decreases in PAP adherence over time, dependent PAP users had significantly higher usage of PAP
compared to independent PAP users which concurs with previously reported data in 240 children (median age 7.9 years)
of which 103 (42.9%) children had developmental disabilities.38 Furthermore, a retrospective study of CPAP adherence
in 140 children (aged 12.0 ± 5.7 years old) over a one-year period showed CPAP adherence was higher in those with
developmental delay, possibly due to their physical or intellectual disability resulting in a reduced ability to remove the
CPAP mask and increased caregiver support. Moreover, during the pandemic, parental perception and beliefs of PAP
necessity for those with neurodevelopmental disabilities may have increased.11

We found that obesity was a risk factor for decreased PAP usage over time, similar to a previous 10-year multicentred
retrospective review that evaluated longitudinal PAP adherence among 622 children aged 0–18 years old, which showed that
childrenwith obesity or metabolic syndromeweremore likely to decline PAP therapy (OR =2.077 [95%CI 1.110–3.888]).39 The
reasons for these findings are unclear; however, there is one study suggesting lack of perceived benefits of PAP in this population
may contribute to decreased use.16Of concern, obesity is an independent risk factor for susceptibility to and severity ofCOVID-19
which is related to worsening outcomes including increased risk of hospitalization, critical care admission andmortality.40,41 The
potential mechanisms include chronic inflammation, impairment of respiratory function and pulmonary perfusion, impaired
immune response and underlying cardiorespiratory diseases.40,41 Additionally, OSA has been reported as a risk factor for severe
COVID-19.42 A study of 445 adults with COVID-19 (aged 55.1±8.0 years old, 81.8% male and 8.5% diagnosed OSA)
demonstrated that OSA is an independent risk factor for severe COVID- 19 and associated with higher risk for COVID-19
hospitalization (OR 2.93, 95% CI 1.02 to 8.39, p=0.045).42 Therefore, children with obesity, diagnosed SDB and poor PAP
adherence are likely at greater risk forworseningCOVID-19 outcomes and heightened awareness among physicians is paramount
for early education, counselling and necessary interventions to encourage long-term PAP adherence.

Other risk factors for consideration includes both access and delivery of health care which has significantly pivoted
and changed worldwide during the current COVID-19 pandemic. From mid-March 2020, there has been an observed
80% decrease in office visits and 56-fold increase in virtual care visits.18 The benefits of telemedicine including
telediagnosis, teletherapy, telemonitoring and teleconsultation have reduced waiting times, transportation time, visit
costs and lowered infections rates,43–48 which may also better accomodate schedules of families while reducing the need
to take time off work or arranging for childcare. However, the disadvantages of telemedicine includes the inability to
perform most physical examinations or procedures, difficulty establishing new therapeutic relationships which are
especially important for sustaining PAP use and reinforcing education around sleep hygiene issues particularly during
adolescence, dealing with certain complex mental health issues, difficulty with interpreting body language and
nonverbal clues, and lacking the full degree of comfort and support that can be provided in person as well as privacy
and continuity of care concerns.18 For children with SDB, in-person visits are vital to troubleshoot PAP related issues
such as adequate mask fittings, equipment issues and additional face-to-face education with both caregivers and children
themselves.44 Importantly, direct interactions can emphasize the critical role of the caregiver especially in the adolescent
population.43
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The strengths of this study include a large time frame for longitudinal follow-up during consecutive 3-month periods
to compare changes in PAP adherence through the COVID-19 pandemic. Further, the heterogeneity of participants
suggests that these results can be generalizable across paediatric cohorts of children with SDB using PAP therapy. Our
results were also presented as group level means, which may result in individual changes to be missed; however by
performing repeated measures ANOVA analyses, such limitations of group level means were minimized as our findings
considered both within-subject variation and between-group effects. Additionally, we were able to obtain objective data
from PAP devices which have been validated to be accurate. Our study highlights that longitudinal PAP adherence
requires a long-term approach with frequent education and counselling, clinical monitoring, treatment strategies or other
targeted behavioral interventions,29 parental engagement,16,29 social support29 and peer-driven intervention49 to prevent
further decline in PAP use of children with SDB.

There are some notable limitations to our study which require consideration. Factors influencing PAP adherence
across all four distinct time periods were not available. These factors include bed time, wake time, sleep duration and
sleep disturbance, as well as psychosocial factors, mental health, family functioning, change in caregiver schedules, all of
which can influence PAP usage. Moreover, given the retrospective nature of our study, we do not have information on the
COVID-19 positivity status of our participants. During clinic visits, we were able to ask 100/149 participants whether
they had tested positive for COVID-19 and we know that 2/100 did state they had been positive, where one child
continued to use PAP throughout all four time periods, and the second child stopped using PAP upon returning to school.
However, this information was not confirmed by reviewing results of PCR testing and we also do not know the timing of
the COVID-19 positive testing in relation to obtaining the PAP data. Moreover, we do not know whether any family
members tested positive for COVID-19. Our study is also limited as we did not collect and therefore were unable to
compare the PAP usage across a one-year period prior to COVID-19 pandemic. Further, we were not able to identify
additional factors as to why children stopped using PAP as we do not have detailed survey or qualitative data available.
However, these data highlight the importance of future research to identify and mitigate the factors associated with
decreased PAP usage in children with SDB.

Conclusion
Untreated or undertreated SDB is associated with significant adverse physical, physiological and psychosocial outcomes.
PAP adherence has been significantly impacted by the COVID-19 pandemic. Overall, there was decline in PAP
adherence over time during the COVID-19 pandemic when compared to pre-pandemic levels, leaving many children
untreated for SDB. Our study emphasized the need for physicians to detail the barriers and facilitators in order to provide
targeted therapeutic interventions for reinforcing long-term PAP adherence in children with SDB. Future multicentered
studies should address whether behavioral and/or additional virtual care modifications can be utilized and optimized to
improve long-term PAP adherence and clinical outcomes in children with SDB during both the pandemic and beyond.

Abbreviations
AHI, apnea-hypopnea index; AT, adenotonsillectomy; Bi-level PAP, Bi-level positive airway pressure; BMI, body mass
index; CPAP, continuous positive airway pressure; CSA, central sleep apnea; IQR, interquartile range; NH, nocturnal
hypoventilation; OSA, obstructive sleep apnea; PAP, positive airway pressure; PSG, polysomnography; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; SDB, sleep disordered breathing; SD, standard deviation.
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