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Abstract

Purpose To evaluate the impact of the COVID-19 pandemic on non-invasive positive airway pressure (PAP) usage among
children with sleep-disordered breathing (SDB).

Methods PAP usage data in children with SDB aged 1 to 18 years old at The Hospital for Sick Children, Canada, were
analyzed. The PAP usage data were recorded for 3 months prior to and 3 months following the COVID-19 lockdown in
Ontario, Canada. The primary outcomes of interest were (i) percentage of days that PAP was used for >4 h and (ii) average
daily usage of PAP based on days when PAP was used.

Results A total of 151 children were included. The mean (+ SD) age and BMI were 12.6 +4.1 years and 28.7 + 12.4 kg/m?,
respectively. The median (IQR) percentage of days of PAP usage for >4 h and average nightly PAP usage was significantly
higher during compared with prior to the pandemic (76.7 [19.0-94.0] vs 62.0 [15.5-89.0]%, p=0.02, and 406.0 [244.0-525.0]
vs 367.0 [218.0-496.0] min, p =0.006, respectively). Within this cohort, 95/151 (63%) children with SDB showed increased
PAP usage and 56/151 (37%) either decreased the amount of time they used PAP or stopped PAP use altogether.
Conclusions COVID-19 pandemic has provided opportunities for increased PAP usage in a significant number of children
with SDB. A subset of children with prior evidence for suboptimal PAP usage showed further decreases in PAP usage dur-
ing the pandemic. This information is critical for clinicians to provide anticipatory guidance to encourage PAP usage both
during the pandemic and beyond.

Keywords Coronavirus disease 2019 (COVID-19) pandemic - Positive airway pressure therapy - Adherence - Sleep-
disordered breathing - Pediatrics

Introduction sleep including obstructive and central sleep apnea [1].
Obstructive sleep apnea (OSA) is characterized by snor-
Sleep-disordered breathing (SDB) encompasses various ~ ing and recurrent partial and/or complete obstruction of

respiratory or ventilatory abnormalities occurring during ~ the upper airway during sleep [1] which affects 1-4%
of otherwise healthy children [2] and 25-80% of chil-

dren and adolescents who are obese and/or have under-
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characterized by the absence of central respiratory drive
during sleep, resulting in abnormal gas exchange and
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Children with complex chronic conditions were at
higher risk of having residual OSA after adenotonsillec-
tomy (AT) [11] although AT is the recommended first-line
treatment for OSA [12]. Persistent OSA post AT and/or
CSA and nocturnal hypoventilation are typically treated
with positive airway pressure (PAP) therapy, which hence-
forth refers to non-invasive ventilation such as continuous
positive airway pressure (CPAP) or bi-level PAP [13, 14].

Consistent nightly use of PAP is important as PAP is
associated with several health benefits including better
mood, improved quality of life, improved school perfor-
mance, and reductions in cardiometabolic risk [14-16].
PAP is an effective treatment for SDB when worn nightly;
however, low PAP adherence limits the potential benefits
of PAP therapy [17, 18].

The COVID-19 pandemic is an ongoing viral pandemic
of a novel infectious disease caused by severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2). Dur-
ing the pandemic, there are concerns regarding the use
of PAP as the World Health Organization (WHO) listed
PAP therapy as a high-risk aerosol-generating medical
procedure (AGMP) that may cause COVID-19 transmis-
sion [19, 20]. During the initial period of the pandemic of
COVID-19, healthcare workers advocated withholding the
use of PAP unless medically necessary [21]. Consequently,
there were significant concerns among caregivers regard-
ing PAP use in the home especially among children who
were obese and with underlying medical comorbidities
who were deemed to be at high risk of COVID-19 infec-
tion and therefore could potentially spread COVID-19 to
household members [21].

Currently, there are no data on PAP adherence before and
during the COVID pandemic in the pediatric population.
These data are crucial to ensure that PAP usage has not fur-
ther declined during the pandemic. Such information may
also be beneficial for designing and implementing targeted
interventions to sustain and improve PAP adherence during
as well as beyond the pandemic. Thus, the aim of this study
was to compare changes in PAP adherence rates among chil-
dren with SDB before and during the COVID-19 pandemic
in Ontario, Canada.

Materials and methods
Study population

This was a retrospective study with children, aged 1-18 years
of age, diagnosed with SDB who were prescribed PAP ther-
apy at The Hospital for Sick Children (Toronto, Canada).
PAP usage were evaluated in children before and during the
COVID-19 pandemic, and children were included if they
were prescribed PAP for SDB at home for a minimum of
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1 month and up to 3 months during two defined time peri-
ods: (1) prior to the pandemic in Ontario, Canada (Decem-
ber 18, 2019-March 16, 2020), and (2) during the pandemic
(March 17-June 14, 2020), which immediately followed
the COVID-19 lockdown, declared on March 17, 2020, in
Ontario, Canada. The COVID-19 lockdown enforced provin-
cial measures to reduce COVID-19 transmission including a
stay-at-home order except for essential trips (e.g., groceries,
medical appointments) and social distancing. Children were
excluded if (1) PAP therapy was only prescribed during the
COVID-19 lockdown and/or (2) PAP data was not available
during both time periods as specified above. Electronic med-
ical records were reviewed, and the data recorded that were
included were baseline demographics and anthropomet-
rics (age, gender, height, weight, body mass index (BMI)),
medical history which included primary diagnosis, type of
SDB, comorbidities, history of AT, whether the child was
an independent PAP user (e.g., able to apply and use PAP
at home independently of parental/caregiver support), aller-
gies, medications, type of PAP therapy, duration of initia-
tion of PAP therapy, and PAP adherence data. Obesity was
defined as a BMI greater than or equal to the 95™ percentile
for sex and age [22].

PAP adherence

Objective data on usage of PAP therapy was assessed via
device data reports obtained remotely. As all participants
used ResMed PAP devices, the software used to assess
adherence included AirView (ResMed; San Diego, CA,
USA) and ResScan for bi-level PAP (ResMed; San Diego,
CA, USA) [23]. AirView, a securely hosted cloud-based sys-
tem, is a password-protected cloud technology compliant
with the Health Insurance Portability and Accountability
Act requiring written informed consent or digital consent
obtained by the medical equipment provider from the patient
or their legal guardian. Data derived from the ResMed PAP
device is recorded nightly and automatically uploaded via
cellular connectivity to AirView on a daily basis, thereby
allowing the medical equipment provider to remotely moni-
tor patient adherence. ResScan is a password-protected data
management software program allowing manual acquisition
of ResMed PAP device data via USB or direct cable connec-
tion by clinician or medical equipment provider.

The main outcomes were (i) percentage of days where
PAP was used for >4-h usage (%) and (ii) average nightly
usage (minutes) defined as the average minutes of PAP use
based on only the days where PAP was used. Additional
measures included the overall percentage of days that PAP
was used (regardless of duration of usage) and the aver-
age total usage (minutes) defined as the average minutes
of PAP use based on all the days over which the data was
collected.



Sleep and Breathing (2022) 26:533-540

535

Statistical analysis

Data were analyzed with SPSS version 26.0 (IBM Corp,
Armonk, NY). Descriptive statistics, including frequen-
cies of and percentages for categorical variables, and mean
(= SD) for continuous variables were computed for base-
line characteristics and PAP parameters. PAP adherence was
compared before and during the COVID-19 lockdown using
the Wilcoxon signed-rank test for paired samples or paired
t test based on data distribution. Mixed-design repeated
measures ANOVA subgroup analyses were also performed
to compare PAP adherence data prior to and during the lock-
down with between-subject factors including sex, diagnoses
(e.g., obesity or underlying medical disorders such as tri-
somy 21, Chiari malformation, and other genetic diseases),
age groups (e.g., younger than 12 years old, between 12 and
15 years old, and 15 years or older), and whether the child
was an independent user. Baseline characteristics were also
compared between subgroups across time periods using chi-
square test for categorical variables and one-way ANOVA
for continuous variables. Bonferroni post hoc testing method
was performed for statistically significant differences to
adjust for multiple comparisons. Subgroup ANOVA analy-
ses were adjusted for the number of days of PAP download
data collection prior to the COVID-19 lockdown. Com-
parisons in baseline characteristics between children who
showed a decrease in PAP use and those who showed an
increase in PAP use during the lockdown were performed
using the chi-square test for categorical variables and the
Mann—Whitney U test for continuous variables. The degree
of change in PAP adherence data from prior to lockdown
was also compared between different subgroups using the
Mann—Whitney U test or Kruskal-Wallis H test. Additional
analyses included multiple linear regressions to evaluate the
association between the percentage of days with a minimum
4-h PAP usage and average nightly PAP usage as the main
outcomes, and baseline characteristics (e.g., age, diagnoses,
sex, race, PAP type, independent or dependent user) as well
as the number of days of PAP download data collection prior
to the COVID-19 lockdown.

Ethics

The present study was approved by the Research Eth-
ics Board at The Hospital for Sick Children (REB #
1,000,071,964), Toronto, Canada.

Results
A total of 151 children with SDB was included in this

study (Table 1). The mean (= SD) age and BMI of the
study population was 12.6 +4.1 years and 28.7 +12.4 kg/

m?, respectively, and 92/151 (60.9%) were male. The mean
(£ SD) duration of PAP therapy was 3.3 +2.7 years. Of
the 151 children, 53 (35.1%) were obese with no other co-
existing medical conditions; 96 (63.6%) had an at least one
underlying medical condition (e.g., Chiari malformation,
trisomy 21) and the remaining 2 (1.3%) were otherwise
healthy with no underlying medical diagnosis. In the cohort,
58.3% had a previous AT and 34.4% were independent PAP
users. Additionally, 67.5% were prescribed among CPAP
and 32.5% were prescribed bi-level PAP.

PAP download data were collected over a mean (& SD)
period of 87 + 12 days and 89 + 5 days prior to and during
the lockdown, respectively, and all the data are shown in
Table 2. For the entire cohort, the median (IQR) percentage
of PAP usage for a minimum of 4 h increased (p =0.02) dur-
ing the lockdown when compared to prior to the lockdown
period. Similarly, average nightly usage on days where PAP
was used increased (p =0.006), with a higher percentage of
days where PAP was used (p =0.03) as well as average total
usage measured over the period that PAP data was collected
(p=0.03).

However, on further exploration, 95/151 (63%)
increased usage of PAP and 56/151 (37%) showed a
decrease in the usage of PAP during the COVID-19
pandemic lockdown period as compared to prior to the
lockdown. Moreover, in those within the decreased PAP
usage group, 11/56 (19.6%) or 7.3% of the entire group
abruptly terminated PAP use during the lockdown and
did not resume PAP during the remainder of data collec-
tion period. Of these 11 children, 8 (73%) had at least one
underlying medical condition and 3 (27%) were obese
with no other co-existing medical conditions. Compar-
ing the increased and decreased PAP usage groups, there
were no significant differences in baseline characteris-
tics, including age, BMI, race, whether or not an inde-
pendent PAP user, medical diagnoses, type of SDB, and
PAP type (Table 3).

Specifically, the degree of change in PAP adherence from
prior to lockdown was compared between the increased and
decreased PAP usage groups (Table 4). Children in the
decreased PAP usage demonstrated a greater median (IQR)
percent change in the percentage of PAP usage for a mini-
mum of 4 h (p <0.001), average nightly usage (p <0.001),
percentage of days where PAP was used (p <0.001), and
average total usage (p <0.001).

Subgroup analyses between children who are obese or
have underlying medical conditions revealed no signifi-
cant differences with any PAP variables after adjusting
for the number of days of PAP download data collec-
tion prior to the lockdown (Supplementary e-Table 1).
Moreover, there were also no significant differences
with the degree of change of PAP usage in the obese
group compared to the children with underlying medical
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Table 1 Baseline demographic and clinical characteristics of the
study population

Characteristics Participants (N=151)
Age (years) 12.6+4.1
Male, n (%) 92 (60.9)
Weight (kg) 65.1+42.4
Height (cm) 142.4+26.2
Body mass index (kg/m?) 28.7+12.4
Duration of non-invasive ventilation (years) 33+2.7
Previous adenotonsillectomy, n (%) 88 (58.3)
Independent PAP users, n (%) 52 (34.4)
Race

Caucasian/White, n (%) 57 (37.7)

Asian, n (%) 32(21.2)

African-American/Black, n (%) 23 (15.2)

Others (e.g., mixed, Native, Hispanic), n 22 (14.6)

(%)

Did not self-identify, n (%) 17 (11.3)
Diagnosis

Underlying medical conditions, n (%) 96 (63.6)

Obesity, n (%) 53 (35.1)

Healthy, n (%) 2(1.3)
Type of sleep-disordered breathing

OSA only, n (%) 109 (72.2)

OSA and/or CSA with nocturnal hypoven- 35 (23.2)

tilation
Nocturnal hypoventilation only, n (%) 4(2.6)
CSA only, n (%) 3(2.0)
Type of non-invasive ventilation
CPAP, n (%) 102 (67.5)
Bi-level PAP, n (%) 49 (32.5)

Data presented as mean+ SD unless otherwise indicated

CPAP continuous positive airway pressure, CSA central sleep apnea,
OSA obstructive sleep apnea, PAP positive airway pressure

Table 2 Positive airway pressure data before and during COVID pandemic

conditions across both time periods (data not shown).
Among dependent and independent PAP users, inde-
pendent users were significantly older (14.5 +2.7 vs
11.6 +4.4; p<0.001) with higher BMI (36.0 + 13.7 vs
24.8+9.6; p<0.001), but there were no significant dif-
ferences with any PAP variables after adjusting for the
number of days of PAP download data collection prior
to the lockdown. Further, no significant differences were
found with changes of PAP usage across all PAP adher-
ence parameters compared to independent users (data
not shown). There were also no significant differences
found with absolute or percent changes in PAP adherence
between (1) males or females or (2) children in different
age groups, categorized as (i) 12 years and younger, (ii)
between 12 and 15 years old, or (iii) 15 years and older
across both time periods (Supplementary e-Table 2 and
e-Table 3, respectively).

Data from the hierarchal multiple regression models
with the percentage of days with at least 4-h PAP usage
during the lockdown as the dependent variable are shown
in Table 5. Baseline characteristics that can affect PAP
use such as age (years), independent user (yes or no),
diagnosis (obese or other medical conditions), sex (male
or female), and PAP type (CPAP or bi-level PAP) as well
as the number of days of PAP download data collection
prior to the lockdown were included in the regression
model, and a significant association was found with diag-
nosis. Specifically, those with obesity were more likely
to demonstrate a decrease in the percentage of days with
4-h PAP usage compared to those with underlying medi-
cal conditions (f= —16.64, p=0.02). However, using
the same model, no significant associations were found
with average nightly usage, the number of days of PAP
download data collection prior to lockdown, or any base-
line characteristic including medical diagnosis (p =0.06).

Before the COVID-19 lockdown During the COVID-19 p value
lockdown
Number of days of PAP download data collection 87 +12 days 89 +5 days 0.02*
Percentage of days of PAP use (%) 76.0 (36.0-93.3) 86.7 (36.0-100.0) 0.03*
Percentage of days with >4-h PAP usage (%) 62.0 (15.5-89.0) 76.7 (19.0-94.0) 0.02%
Average nightly usage (min) 367.0 (218.0-496.0) 406.0 (244.0-525.0) 0.006*
Average total usage (min) 274.0 (95.0-401.0) 300.0 (66.5-443.0) 0.03*

The number of days of PAP download data collection is presented as mean (= SD). Data presented for N=151 as median (25"-75" percentile)
unless otherwise indicated. p values were calculated using the Wilcoxon signed-rank test or paired 7 test based on the data distribution. Percent-
age of days of PAP use, overall percentage of days that PAP was used regardless of duration of usage; percentage of days with>4-h PAP usage,
percentage of days where PAP was used for >4-h 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

PAP positive airway pressure

4p <0.05 represents a statistically significant difference before and during the pandemic
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Table 3 Comparison of baseline characteristics between children who showed an increase and those who showed a decrease in positive airway
pressure use

Characteristics Increased PAP usage group Decreased PAP usage group p value
(N=95) (N=56)

Age (years) 13.4 (9.6-16.1) 12.4 (9.5-16.0) 0.79
Male, n (%) 57 (60.0) 35 (62.5) 0.77
Weight (kg) 57.8 (30.5-95.3) 56.6 (21.5-96.6) 0.78
Height (cm) 150.0 (130.0-163.0) 150.0 (118.5-165.0) 0.94
Body mass index (kg/mz) 25.0 (18.2-36.0) 27.3 (18.9-36.6) 0.94
Duration of non-invasive ventilation (years) 2.8 (1.3-4.3) 2.6 (1.2-4.1) 0.64
Previous adenotonsillectomy, n (%) 56 (58.9) 32 (57.1) 0.83
Independent PAP users, n (%) 32 (33.7) 20 (35.7) 0.80
Ethnicity

Caucasian/White, n (%) 23 (41.1) 34 (35.8) 0.67

Asian, n (%) 11 (19.6) 21 (22.1)

African-American/Black, n (%) 7(12.5) 16 (16.8)

Others (e.g., mixed, Native, Hispanic), n (%) 10 (17.9) 12 (12.6)

Did not self-identify, n (%) 5(8.9) 12 (12.6)
Diagnosis

Underlying medical conditions, n (%) 35 (62.5) 61 (64.2) 0.99

Obesity, n (%) 20 (35.7) 33 (34.7)

Healthy, n (%) 1(1.8) 1(1.1)
Type of sleep-disordered breathing

OSA only, n (%) 39 (69.6) 70 (73.7) 0.10

OSA and/or CSA with nocturnal hypoventilation, n (%) 17 (30.4) 18 (18.9)

Nocturnal hypoventilation only, n (%) 0 (0) 44.2)

CSA only, n (%) 0(0) 3(3.2)
Type of non-invasive ventilation

CPAP, n (%) 37 (66.1) 65 (68.4) 0.77

Bi-level PAP, n (%) 19 (33.9) 30 (31.6)

Data presented for N=151 as median (25"-75" percentile) unless otherwise indicated. p values were calculated using the chi-square test for cat-
egorical variables and the Mann—Whitney U test for continuous variables

CPAP continuous positive airway pressure, PAP positive airway pressure

improved during a 1-month period of the COVID-19 lock-
down from an average of 386 min per night prior to the lock-
down to 401 min per night during the lockdown, resulting

Discussion

The principal findings of our study were that 63% of children

prescribed PAP prior to the COVID pandemic demonstrated
improved PAP adherence during the COVID-19 lockdown.
Specifically, we found a 10.6% increase in adherence from a
median of 367.0 min per night prior to lockdown to 406 min
per night based on days where PAP was used during the
lockdown period. Of concern is that 37% of children in this
cohort demonstrated decreased PAP use and 7% of chil-
dren abruptly terminated PAP use during the COVID-19
lockdown.

To date, there are no data on changes in PAP usage in
children with SDB during the pandemic. Our findings of
overall improvement in PAP adherence, based on percent-
age of days that PAP was used for >4-h usage and average
nightly usage, are similar to those reported in an adult popu-
lation. In a study of 7485 adults in France, PAP adherence

in a 3.9% increase in adherence [24]. Possible reasons for
the increased PAP use include the fear of being hospitalized
and the absence of occupational stress, resulting in increased
sleep duration that may enhance PAP adherence [24].
Although there have been concerns among healthcare pro-
fessionals, patients, and families regarding AGMP and the
risk of spreading COVID-19 with use of PAP therapy, our
study was reassuring with the majority showing increased
PAP usage although the reasons for this are unclear. It is
possible that flexible and longer sleep schedules due to
online schooling and the lack of need to travel to school
may have resulted in increased sleep duration and, conse-
quently, increased PAP usage [25-28]. Moreover, for those
children who were dependent on caregivers for PAP usage,
where caregivers were continuously at home during this time
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Table 4 Changes in the positive airway pressure adherence data prior to and during the lockdown in the increased and decreased PAP usage

groups
Parameters Increased PAP usage  Decreased PAP usage group (N=56) p value
group (N=95)
PAP adherence data before lockdown
Percentage of days of PAP use (%) 78.0 (53.0-96.0) 50.5 (18.2-92.5) 0.02%
Percentage of days with >4-h PAP usage (%) 64.0 (30.0-89.0) 38.2 (7.2-88.0) 0.02%
Average nightly usage (min) 386.0 (254.0-512.0)  356.5 (133.8-470.0) 0.17
Average total usage (min) 315.0 (147.5-437.0)  104.0 (43.5-354.3) 0.002*
Change in PAP adherence data during lockdown
Absolute change in percentage of days of PAP use (%) 8.0 (0.0-17.0) —-27(-178t01.1) <0.001%
Absolute change in percentage of days with >4-h PAP usage (%) 8.0 (0.0-22.0) —-5.3(-12.0t0 0.0) <0.001%
Absolute change in average nightly usage (min) 59.0 (24.0-113.0) -56.5(—104.8t0—27.0) <0.001*
Absolute change in average total usage (min) 49.0 (7.0-117.0) —30.0(—72.5t0—-2.8) <0.001*
Percent change in percentage of days of PAP use 10.1 (0.0-33.6) —13.0(—89.8t0 1.8) <0.001*
Percent change in percentage of days with >4-h PAP usage 12.7 (0.0-50.0) —-28.1(=9091t01.2) <0.001*
Percent change in average nightly usage 15.2 (6.0-36.5) —-22.2(-87.3t0—-10.1) <0.001*
Percent change in average total usage 16.4 (2.8-70.1) —45.8(—94.9t0—-4.22) <0.001*

p values were calculated using the Mann—Whitney U test. Percentage of days of PAP use, overall percentage of days that PAP was used regard-
less of duration of usage; percentage of days with>4-h PAP usage, percentage of days where PAP was used for>4-h 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
PAP positive airway pressure

8p <0.05 represents a statistically significant difference across groups

period, may have allowed for longer PAP usage with moni-
toring by families extending later into the morning.
Although we do not have sleep schedule data available
in our study, a cross-sectional study of 593 children, aged
3 to 16 years old, observed longer daily sleep duration in
children, as reported by parents, where average sleep dura-
tion increased from 9.01 to 9.63 h 1 month after the lock-
down. Although children went to sleep later by an average
of 0.65 h, increases in sleep duration were attributed to the
delayed wake-up time of 1.27 h [26]. Similarly, in a smaller
study with 41 children with obesity aged 6—18 years old,
Pietrobelli et al. [28] conducted a telephone interview prior
to and 3 weeks following a mandatory lockdown in Italy

due to the COVID-19 pandemic and reported an increase
in sleep duration by an average of 0.65 h/day during the
lockdown. Further, an online survey completed by 1472
Canadian parents of children aged 5-17 years old, during
the first month of the WHO declaring the COVID-19 pan-
demic, revealed that parents reported an overall increase in
sleep duration during the lockdown but no quantitative data
were available [27].

It is also important to consider why PAP usage decreased
in 37% of our cohort. It is possible there was a lack of per-
ceived benefits with using PAP [29]. Specifically, older
children and adolescents may have adhered more to sleep-
ing schedules that reflect their inherent biologically delayed

Table 5 Multiple regression
analysis assessing the factors

associated with the percentage Age
of days with a minimum

4-h usage of positive airway
pressure during the COVID-19
lockdown

Parameters Coefficients Standard error p value
—-0.01 0.79 0.99
Independent user -9.16 7.04 0.20
Diagnosis (e.g., obesity or underlying medical conditions) —16.64 7.02 0.02*
Sex (male or female) 9.18 6.26 0.15
PAP type (e.g., CPAP or bi-level PAP) 424 6.60 0.52
Number of days of PAP download data collection prior to 0.06 0.05 0.21

the lockdown

p values were calculated using linear regression. Model shows a significant association with obesity, sug-
gesting that children with obesity were more likely to demonstrate a decrease in the percentage of days
with 4-h PAP usage compared to those with underlying medical conditions (p=0.02)

CPAP continuous positive airway pressure, PAP positive airway pressure

4p <0.05 represents statistical significance

@ Springer



Sleep and Breathing (2022) 26:533-540

539

circadian thythm during the lockdown, resulting in longer
sleep duration and, consequently, a reduction in daytime
symptoms such as fatigue and sleepiness [25, 30]. Further,
social distancing and social isolation have disrupted daily
routines among children, which may have added to their
stress and a reluctance to engage in PAP use [30]. Moreo-
ver, obese children may be at increased risk of lower PAP
usage compared with children with underlying medical con-
ditions, who may be more motivated to use PAP as they
perceive greater disease-related risk and the knowledge of
PAP-related benefits.

These data highlight the importance of early recognition
of children who may decrease or stop PAP use so that clini-
cians can provide counseling regarding the importance of
using PAP and promotion of optimal sleep habits and/or
other targeted behavioral interventions as clinically indicated
to prevent further decline in PAP use.

The strengths of this study include the objective data
obtained from PAP devices which have been validated to
be accurate [18]. Further, the diversity and heterogeneity
of our sample suggests that these results are likely to be
generalizable across pediatric cohorts of children with SDB
prescribed PAP therapy.

However, there are some limitations in our study that
require consideration. This is a retrospective cohort study,
and important data including sleep habits, particularly bed
time, awake time, and duration of sleep were not available.
We also could not ascertain the reasons for increased or
decreased PAP usage as we did not collect qualitative or
survey data which would have additionally allowed us to
assess the association between concerns using PAP during
the COVID-19 pandemic and objective PAP use. Addition-
ally, we did not have data available on whether children or
their family members were diagnosed with COVID-19 which
may have influenced PAP usage. Finally, PAP adherence was
only monitored over a maximum time frame of 6 months
and during a time frame when children were not attending
schools in person. Easing of lockdown restrictions, return
to school, and subsequent changes in schedules of children
and their caregivers in September 2020 may have resulted
in additional changes in PAP usage that were not captured
in this study. Given that significant increases in PAP usage
over a short time frame are not common, further research is
needed to identify the behavioral modifications that occurred
during the COVID-19 pandemic that could be leveraged and
applied to optimize clinical care in children with SDB using
PAP. Moreover, larger prospective longitudinal studies are
needed to ascertain whether the changes in PAP adherence
are sustained beyond the defined time periods in this study
and particularly beyond the COVID-19 pandemic.

Conclusion

COVID-19 pandemic continues to have a significant
impact worldwide including an impact on sleep in chil-
dren and caregivers. Although this study reassuringly
demonstrates that 63% of children with SDB showed
increased PAP adherence, children with known subop-
timal PAP usage showed further decreases in PAP usage
during the COVID-19 pandemic. Such information is
beneficial for clinicians to recognize and provide tar-
geted therapeutic interventions to reinforce adherence to
PAP in the pediatric population during prolonged lock-
down periods. Further, in order to improve sleep health
and PAP adherence among children with SDB, there is
an urgent need to explore the facilitators and barriers to
both increasing the number of hours of sleep and PAP
usage in the pediatric population both during and beyond
the COVID-19 pandemic.
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