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Study Objectives: Obstructive sleep apnea (OSA) is a common pediatric condition characterized by recurrent partial or complete cessation of airflow during
sleep, typically due to inadequate upper airway patency. Continuous positive airway pressure (CPAP) is a therapeutic option that reduces morbidity. Despite
efforts to promote use, CPAP adherence is poor in both pediatric and adult populations. We sought to determine whether demographics, insurance status,
OSA severity, therapeutic pressure, or comorbid conditions were associated with pediatric CPAP adherence.

Methods: A retrospective review of adherence download data was performed on all pediatric patients with initiation or adjustment of CPAP treatment over

a one-year period with documented in-laboratory CPAP titration. Patients were grouped as CPAP adherent or non-adherent, where adherence was defined
as > 70% nightly use and average usage = 4 hours per night. Differences between the groups were analyzed by ¥ test.

Results: Overall, nearly half of participants were CPAP adherent (49%, 69/140). Of the demographic data collected (age, ethnicity, sex, insurance status),
only female sex was associated with better adherence (60.9% vs 39.5% of males adherent; odds ratio [OR] = 2.41, 95%CI = 1.20-4.85; p = 0.01). Severity of
OSA (diagnostic apnea-hypopnea index [AHI] and degree of hypoxemia), therapeutic pressure, and residual AHI did not impact CPAP adherence (p > 0.05).
Patients with developmental delay (DD) were more likely to be adherent with CPAP than those without a DD diagnosis (OR = 2.55, 95%Cl = 1.27-5.13;

p = 0.007). Female patients with trisomy 21 tended to be more adherent, but this did not reach significance or account for the overall increased adherence
associated with female sex.

Conclusions: Our study demonstrates that adherence to CPAP therapy is poor but suggests that female sex and developmental delay are associated with
better adherence. These findings support efforts to understand the pathophysiology of and to develop adherence-promoting and alternative interventions for

pediatric OSA.
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INTRODUCTION

Obstructive sleep apnea (OSA) affects about 2% of children
and is characterized by recurrent partial or total cessation of
airflow during sleep, typically due to inadequate upper airway
patency." Adverse outcomes associated with pediatric OSA in-
clude neurobehavioral, cardiovascular, metabolic, and growth
abnormalities, which contribute to decreased social function-
ing and quality of life; successful and consistent treatment is
associated with reduction of morbidity, including improve-
ment of daytime symptoms and neurobehavioral parameters.””’
First-line therapy for children entails optimization of airway
patency by adenotonsillectomy (AT).! Overall surgical inter-
vention is successful in 79% of patients, however those with
severe OSA, obesity, and additional risk factors, such as ge-
netic syndromes are less likely to be cured by AT alone."®° In
these circumstances, or when AT is contraindicated, continu-
ous positive airway pressure (CPAP) is a therapeutic option.'

CPAP splints the airway open by acting as a pneumatic
stent, increasing the airway pressure above the critical clos-
ing pressure of the pharynx. The efficacy of CPAP depends
upon an adequate interface, appropriate pressure settings, and
adherence to use.!*!!

Despite efforts to promote use, CPAP adherence in chil-
dren is generally poor.>'>* Non-adherence or untreated OSA

BRIEF SUMMARY

Current Knowledge/Study Rationale: Pediatric obstructive sleep
apnea is plagued by poor adherence to CPAP therapy. We found that
female sex and diagnosis of developmental delay were associated
with improved adherence; adherence was not associated with age,
medical complexity, OSA severity, CPAP factors, or other diagnoses.
Study Impact: This study reinforces the need to identify populations
at risk for poor adherence to CPAP therapy, to bolster CPAP
desensitization efforts, and to develop CPAP alternatives. It is also
provides justification for tailoring pediatric OSA treatment to the
individual, as opposed to utilizing a “one-size-fits-all” approach.

may result in development of the aforementioned comorbidi-
ties, compromised daily functioning, increased health care
utilization, and contribution to early mortality.®'52* OSA se-
verity, pressure settings, and mask type, have not been found
to affect use,'*?*3% whereas psychosocial factors and percep-
tion of OSA’s importance do.'*?*3" One study suggested that
higher maternal education correlated with higher adherence.”
The optimal duration and frequency of CPAP use remains
unknown, though increased use correlates with improved
outcomes in a dose-dependent nature.”**?* A minimum use
of 70% of nights for an average of 4 hours per night was un-
til recently utilized as a compliance threshold by equipment
providers and payers.*
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Table 1—Ceriteria for study inclusion and exclusion.

Inclusion criteria

Patients with obstructive sleep apnea followed in our pediatric CPAP care program
Documented in-laboratory CPAP titration study and CPAP initiation or adjustment
Adherence download data obtained between February 1, 2013, and February 1, 2014

Exclusion criteria

CPAP for airway recruitment, respiratory failure, or other non-sleep-specific reason

To our knowledge, the relationship between CPAP adher-
ence, demographic factors, and medical comorbidities has not
been fully examined in a pediatric population. We therefore
aim to examine demographic and disease-specific characteris-
tics in relation to CPAP adherence within the sleep program of
our large, tertiary care facility. With pragmatic optimism, we
hypothesized that the majority of our patients would be con-
sidered adherent to CPAP, but that public insurance status (as
a surrogate of socioeconomic status) and greater medical com-
plexity would be associated with poor adherence, while other
demographic characteristics would not.

METHODS

After obtaining institutional review board approval, we per-
formed a retrospective review of patients evaluated and treated
for OSA through one of our pediatric sleep, pulmonary, or oto-
rhinolaryngology clinics. We searched our electronic medical re-
cord to fulfill the inclusion/exclusion criteria outlined in Table 1.
Patient data was compiled in a secure REDCap database.

As standard practice in our sleep center, patients typically
receive a mask fitting and air pressure trial in clinic with a
respiratory therapist prior to initiating therapy, and regular
CPAP follow-up clinic appointments with a medical provider
are recommended. Adherence data is requested from durable
medical equipment (DME) providers following initiation or
adjustment to CPAP settings and routinely collected at all
clinic encounters; the DME providers are asked to equip home
CPAP devices with a wireless modem that may be accessed
remotely to provide adherence and efficacy data. We do not
routinely record mask leak, so we do not report it here. For this
study, when a single patient had multiple downloads or CPAP
titration studies, only the most recent download and earliest
titration were utilized for our analyses.

Based on the adherence downloads, patients were classified
as CPAP adherent if > 70% nightly use and an average us-
age > 4 hours per night, or otherwise as CPAP non-adherent.
At the time of data collection, this was the standard for adher-
ence set by many payers, including Medicare, and recorded by
DMEs for reimbursement purposes.®

All variables included in analyses, including adherence, de-
mographic, polysomnography, and medical diagnoses data are
described in Table 2. Of note, as our EMR does not allow for
reliable documentation or stratification of diagnoses based on
severity, this includes a spectrum of each diagnostic category.

All statistical analyses were performed using SAS software
(Version 9.2; SAS Institute Inc., Cary, NC, USA). Descriptive
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statistics were obtained for patients classified as adherent ver-
sus non-adherent. Differences between the groups regarding
demographics, comorbidities, and polysomnography results
were analyzed by the y* test.

RESULTS

From our clinical practice, 329 pediatric OSA patients with initi-
ation or adjustment of CPAP within the review period were iden-
tified, of whom 302 had a documented in-laboratory titration.
Adherence data was available for 158 subjects, but of these 18 had
incomplete datasets. Thus, 140 patients were examined for the
current analyses. Of this population, 49% (69/140) demonstrated
adherence per the previously defined criteria. Table 3 suggests
that the adherent group had high rates of use with 7.4 = 1.9 h
average use per night with 94% + 7.8% of nights used.

Table 4 outlines the demographic and medical characteris-
tics of youth classified as CPAP adherent and non-adherent. Of
the demographic data, only female sex was associated with ad-
herence (60.9% vs 39.5% of males adherent, odds ratio = 2.41,
95%CI = 1.20—4.85; p=0.01). No differences in adherence were
found by patient age, ethnicity, or insurance status. Severity of
OSA (represented by both diagnostic AHI and degree of hypox-
emia), therapeutic CPAP setting, CPAP versus BiPAP modality,
and residual AHI despite treatment were not related to adher-
ence (Table 4; pressure modality data not shown; p > 0.05).

Figure 1 illustrates select comorbidities and adherence ver-
sus non-adherence in each population, further broken down
by sex. A diagnosis of developmental delay (DD) was associ-
ated with CPAP adherence (OR = 2.55, 95%CI = 1.27-5.13;
p =0.007). Sex did not account for increased adherence in the
DD population, nor did presence of a DD diagnosis account for
better adherence of females following univariate analysis. Pa-
tients with obesity or atopic illness trended towards poor adher-
ence, but these did not reach statistical significance. Trisomy 21
diagnosis was not associated with adherence. Medical com-
plexity was further evaluated using the diversity of recorded
diagnoses as a surrogate. We found that neither the number of
diagnoses nor the number of organ systems involved was as-
sociated with adherence.

DISCUSSION

Our study suggests that in a large pediatric sleep medicine prac-
tice, approximately half of the patient population demonstrated
poor adherence to CPAP therapy. These rates of adherence are
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Table 2—Variables collected from chart review and used for analyses.

Non-adherent

Category Variable Definition
Adherence Adherent > 70% nightly use and > 4 h per night
download

< 70% nightly use and/or < 4 h per night

Therapeutic pressure

Residual AHI AHI despite therapy

Demographics Age

Sex

Race/ethnicity Self-reported

Insurance status Medicaid or non-Medicaid

Polysomnography* | Diagnostic AHI

Oxygen saturation nadir

%TST with SpO, < 90%

Therapy modality CPAP or BiPAP

Medical diagnoses | Developmental delay

Any form of non-typical development from mild (e.g., speech delay) to severe (e.g., static encephalopathy)

Trisomy 21 Considered separately due to unique predisposing nature
Atopic illness Asthma, atopic dermatitis, allergic rhinosinusitis
Obesity BMI > 95th% for age

*Respiratory events scored per AASM criteria.“* AHI, apnea-hypopnea index; CPAP, continuous positive airway pressure; BiPAP, bilevel positive airway

pressure; BMI, body mass index; TST, total sleep time.

similar to 5% to 55% estimated rate of non-adherence docu-
mented in other pediatric chronic illness regimens*-* and are
also similar to other reports of pediatric CPAP adherence in
smaller samples.>*"* Alarmingly, the slight majority of our
population failed to meet payer adherence criteria and CPAP
coverage may be subject to denial. Focusing on the positive,
nearly half of our patients had excellent adherence, averaging
nearly 7.5 hours usage per night, for over 90% of nights.

Females were more likely to be classified as having good
adherence. This is in contrast to findings of no sex differences
in adult CPAP use,?® but similar to results of a meta-analysis of
adherence to treatment in chronic illness that found greater ad-
herence for girls compared to boys.** Adult female patients with
OSA are more likely to present with a predominance of hypop-
neas, as opposed to apneas, and are more likely to report daytime
sleepiness.”* It is possible that there are sex-specific phenotypes
of sleep-disordered breathing which are more tolerant of CPAP
therapy. Alternatively, parental behavior management strategies,
monitoring, and expectations may be different for boys and girls.

Despite previous findings of correlations of age and so-
cioeconomic status with adherence in a pediatric population
without developmental delay, these factors were not associated
with adherence in the current population.'*** Potentially, insur-
ance status is not a suitable proxy for socioeconomic status in
this population, as Medicaid-insured children may be medi-
cally complex but of variable socioeconomic standing.

Prior research has demonstrated increased OSA preva-
lence®® and lower CPAP adherence® in African Americans
(AA). Our data demonstrate 15.0% of the study population to

Table 3—Study population CPAP use.

Adherent (n = 69)
74 (55-9.3)
94 (86.2-101.7)

Non-Adherent (n = 71)
1.7 (0.3-3.1)
52 (24.9-78.1)

Hours per night
% nights

Adherence is defined as an average of both > 4 h per night and use on
> 70% of nights. Values presented as mean (mean - 1 SD-mean + 1
SD). Total n = 140.

be AA, which is disparate from the 4.4% of the Colorado state
census identified as AA in 2013 (quickfacts.census.gov). This
may reflect the population served by our institution rather than
suggest higher OSA prevalence among AA. We did observe a
trend towards lower adherence in AA patients but there were
insufficient numbers to suggest significance.

Children with DD were more likely to be adherent to CPAP
therapy than youth with normal development. Given the broad
spectrum of DD severity (mild learning disability or speech
delay to global developmental delay or profound intellectual
disability), one must interpret this finding with caution. Po-
tential reasons why those with DD would demonstrate higher
adherence may include increased dependence upon caregiver
support and decreased ability to remove mask due to either
physical or intellectual disability. Parental perception of CPAP
necessity for a child with neurodevelopmental disabilities may
be increased. Alternatively, children without disabilities may
be less adherent due to increased independence or less parental
supervision. Regardless, children with developmental delays
in addition to OSA are an at-risk population and are expected
to benefit from therapeutic intervention.

Journal of Clinical Sleep Medicine, Vol. 12, No. 6, 2016



SM Hawkins, EL Jensen, SL Simon et al. Correlates of Pediatric CPAP Adherence

Table 4—Demographic, OSA, and CPAP download characteristics of pediatric patients grouped by CPAP adherence status.

Adherent (n = 69) Non-Adherent (n = 71) p value

Sex, n (%) 0.017

Male 30 (43.5) 46 (64.8)

Female 39 (56.5) 25(35.2)
Age at download, years, mean + SD 120157 12.7+4.7 0.41
Titration to download, years, mean + SD 14+13 1.0+1.1 0.16
Ethnicity, n (%) 0.35

Caucasian 29 (42.0) 26 (36.6)

Hispanic/Latino 25 (36.2) 29 (40.8)

Black/African American 6(8.7) 15(21.1)

More than one race 2(2.9) 0(0)

Asian 5(7.2) 0(0)

Other 1(1.4) 0(0)

Unknown/not reported 1(1.4) 1(1.4)
Insurance carrier, n (%) 0.62

Medicaid 34 (49.3) 38 (53.5)

Non-Medicaid 35 (50.7) 33 (46.5)
OSA, n (%) 0.49

Mild 11 (15.9)° 18 (25.4)

Moderate 19 (27.5) 17 (23.9)

Severe 32 (46.4) 36 (50.7)
AHl or RDI, events/h, mean + SD 20.3+26.8¢ 16.5+21.2 0.25
Sp0O, nadir, %, mean + SD 77.8+9.6¢ 79977 0.36
% TST SpO, below 90%, mean + SD 19.5+28.3¢ 14.2 £ 24.6Y 0.26
CPAP setting, cm H,0, mean (range) 8.7 (5.4-13.0)° 8.3 (3.5-15)3 0.41
Residual AHI, mean + SD 47+4.3¢ 54 +83¢° 0.52

Total n = 140. In cases where a patient had multiple downloads or CPAP titration studies, the most recent download and the earliest titration study data were
used. T Statistical significance. 7 missing values. 8 missing values. Y2 missing values. ®3 missing values. ¢ 13 missing values. Mild OSA = AHI 1-4.9/h;
Moderate 5-9.9/h; Severe > 10/h. AHI, apnea-hypopnea index; RDI, respiratory disturbance index; SD, standard deviation; TST, total sleep time.

Figure 1—Medical comorbidities of pediatric patients with OSA grouped by sex and CPAP adherence status.
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There was a trend suggesting that those with atopic illness,
including eczema, allergic rhinosinusitis, and/or asthma, were
less adherent to CPAP therapy. Nasal complaints are common
and contribute to poor tolerance in those treated with CPAP,*
which may be partially explained by discomfort associated
with air forced into an inflamed and/or congested airway as
found in those with atopic illness. Indeed, the addition of hu-
midification and treatment with topical nasal steroids are rec-
ommended practices to improve compliance.****

Strengths of the current study include a large sample size
and the inclusion of a diverse and medically complex patient
population. These characteristics allowed for a comparison
between groups of subjects based on demographics, charac-
teristics of OSA and CPAP therapy, and medical comorbidities.

Limitations of the current study include its retrospective and
correlational nature, so discussions of causality remain specu-
lative. Difficulty obtaining reliable and timely adherence data
remains a challenge in sleep medicine, as demonstrated by less
than half of the eligible study population having complete ad-
herence data. These results are representative of those families
who were able to provide downloads, either by communicat-
ing with the DME company or coming to their clinic appoint-
ment and patients with new initiation or adjustments of CPAP.
However, this inadvertently excluded patients and families who
refused treatment or did not attend regular clinic appointments,
or who were on stable, long-term CPAP therapy without recent
clinic follow-up. Also, our catchment has a small but dispropor-
tionately represented African-American population. Therefore,
our results may be an overestimate or underestimate and may
not be generalizable to all pediatric patients with OSA.

Our study reinforces the challenges associated with CPAP
use and suggests that more needs to be done in order to optimize
adherence, particularly in high-risk populations. Our pediatric
sleep medicine program is making efforts aimed at improving
adherence for our patients. Though the current analyses were
not performed to evaluate the role of our CPAP desensitization
program, it is worth mentioning that patients are generally re-
ferred for any of three reasons: condition(s) that we suspected
may predispose to difficulty tolerating (such as development
delay), poor response to mask introduction, or demonstration
of poor adherence. Our study suggests higher adherence in
those with developmental delays, therefore we may be missing
opportunities to improve adherence in others. Additional re-
search is needed to develop individualized treatment strategies
to promote regular use of CPAP, as well as the ability to target
interventions specific to the subgroups most at risk for poor ad-
herence. We speculate that the ability to recognize and address
barriers to adherence prior to initiating treatment; to reduce
non-adherence with the help of automated, timely, and robust
databases; to intervene with targeted desensitization; and to
consider CPAP alternatives when needed will lead to improved
outcomes in the treatment of pediatric obstructive sleep apnea.

ABBREVIATIONS

AHI, apnea-hyponea index
CI, confidence interval

883

CPAP, continuous positive airway pressure
DD, developmental delay

OSA, obstructive sleep apnea

RDI, respiratory disturbance index

SD, standard deviation

TST, total sleep time
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