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Study Objectives: Obstructive sleep apnea is common in Down syndrome (DS) with many patients prescribed positive airway pressure (PAP) therapy. This study
evaluates PAP adherence and identifies factors influencing adherence.

Methods: Retrospective analysis of electronic health records and cloud-based PAP therapy data from patients with DS at Rady Children’s Hospital, San Diego,
CA. Cloud data were evaluated cross-sectionally at 30- and 90-night post-clinic visit and longitudinally in patients with = 2 90-night data downloads. Outcomes
included adherence (percentage of nights with = 4 hours of use) and usage (percentage of nights with any PAP usage). The impact of demographic and PAP
therapy factors (eg, mask leak) on these outcomes was also assessed.

Results: Forty-seven patients with DS with cloud-based PAP therapy data over a 90-night period and 46 over a 30-night period were analyzed. The mean age
was 17.7 £ 4.6 years (21 females). Median adherence was significantly higher at 30 nights (56.7%, interquartile range: 0.0, 90.8%) than at 90 nights (34.4%,
interquartile range: 0.0, 86.7%) (P < .05). Median usage did not differ between the 30-night and 90-night periods. Demographic characteristics and PAP therapy
parameters were not associated with adherence or usage. Among the longitudinal cohort (n = 32), median adherence was 69.7% (interquartile range: 19.2, 90.0%),
and median usage was 78.2% (interquartile range: 45.2, 95.7%). Compared to an age- and sex-matched cohort without DS, patients with DS demonstrated higher
PAP adherence (P < .05).

Conclusions: Cross-sectional and longitudinal analyses reveal that many patients with DS successfully adhere to PAP therapy, challenging the misconception
that they struggle with adherence and proving they may be as successful, if not more, than non-DS patients.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Obstructive sleep apnea is highly prevalent among individuals with Down syndrome. Due to the high risk of
residual obstructive sleep apnea following conventional surgical treatments, many patients are prescribed positive airway pressure therapy, but little is
known about their adherence to this therapy over time.

Study Impact: Our study demonstrates that many patients adhere to positive airway pressure therapy, with a subset achieving near-perfect adherence
and sustaining this adherence longitudinally. These results provide evidence supporting positive airway pressure as an effective therapy for managing
obstructive sleep apnea in individuals with Down syndrome.

INTRODUCTION

OSA onset in patients with DS typically begins during child-
hood, primarily attributed to adenotonsillar hypertrophy, the
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Down syndrome (DS) stands as the foremost prevalent genetic
chromosomal disorder, characterized by the primary cause of
nondisjunction of chromosome 21 during cell division. Its
reported incidence affects approximately 1 in 700 live births.'
The phenotypic spectrum of DS includes intellectual disability,
congenital heart disease, hypothyroidism, obesity, and sleep-
disordered breathing.”

Among children with DS, obstructive sleep apnea (OSA)
emerges as a prevalent potentially lifelong comorbidity, with
reported rates ranging from 50-79%, markedly surpassing the
2-3% prevalence reported in the general pediatric population.’
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major risk factor for pediatric OSA.* However, distinct clinical
features of DS such as macroglossia, midface hypoplasia, and
hypotonia,” which intensify with age, contribute to the sus-
tained high prevalence of OSA throughout the lifespan. Of
note, clinical symptoms in children with DS do not reliably
indicate the presence or absence of OSA,°® necessitating diag-
nostic polysomnography screening for all children with DS by
the age of 4 years.”

The primary treatment modality for OSA in children with
DS remains adenotonsillectomy (AT), acknowledged as the
first-line intervention for pediatric OSA.* However, both our
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research and that of others have demonstrated that while AT
often leads to improvement in OSA, it frequently falls short of
achieving a cure.® !> Moreover, there are inherent surgical risks
associated with AT in patients with DS."*"'* Given the limita-
tions of AT and its modest efficacy in children with DS, posi-
tive airway pressure (PAP) therapy emerges as a common
alternative for this population. PAP stands as one of the most
effective treatment options for pediatric OSA, yet challenges
such as adherence and the complexity of pressure titration per-
sist.>'® The adherence to PAP therapy among children with
DS remains underexplored, with the long-term efficacy of PAP
therapy in this population remaining undefined.

This study endeavors to (1) evaluate both cross-sectional and
longitudinal adherence to PAP therapy and (2) pinpoint risk fac-
tors, encompassing demographic variables and factors associ-
ated with PAP therapy (such as mask leak or PAP pressures),
which are hypothesized to influence adherence to PAP therapy
in children with DS.

METHODS

Study population

This retrospective study aimed to identify individuals diag-
nosed with DS, indicated by an International Classification of
Disease-10th Revision code (Q90.x), within the electronic
health records (EHR) of the Center for Healthy Sleep at Rady
Children’s Hospital, San Diego, CA. Moreover, eligible indivi-
duals were required to have an additional International Classifi-
cation of Disease code for PAP dependence (Z99.89) or a
physician’s order for a PAP device or related supplies (such as
mask, filter, tubing) at any documented point within the EHR.
Subsequently, following the identification process within the
EHR, only patients with recorded data in the cloud-based PAP
adherence platforms, namely Airview or Care Orchestrator online
databases, were considered eligible for inclusion. Patients lacking
data in these online databases or those utilizing PAP devices with
no capability to transmit data to these platforms were excluded
from the study cohort. This retrospective study was approved by
the University of California, San Diego Institutional Review
Board (#181769).

Study outcomes

The study focused on 2 primary outcomes: adherence and
usage. Adherence referred to the percentage of nights where
PAP device usage was equal to or greater than 4 hours per night,
while usage indicated the percentage of nights with any dura-
tion of PAP device usage. In the absence of established thresh-
olds for PAP adherence in children, we evaluated adherence
across the entire population by using the median adherence of
all patients as a reference point. Patients with adherence below
the median were deemed nonadherent.

Risk factors associated with PAP adherence

To evaluate the factors influencing PAP adherence outcomes
as mentioned earlier, we analyzed demographic characteristics
obtained from the EHR, comprising sex, age, race, and ethnicity.
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Additionally, we explored the influence of cloud-based PAP
parameters such as device pressures, residual apnea-hypopnea
index, and median device leak on PAP adherence outcomes.

PAP usage

We assessed PAP usage in patients with DS through 2 distinct
approaches. Initially, we conducted a cross-sectional evaluation
of PAP adherence in all enrolled individuals over 2 duration
periods: 30 nights and 90 nights following their most recent
sleep clinic visit before June 2021. The selection of June 2021
as the cutoff date was influenced by the Philips device recall.!”
Our primary analyses examined the impact of demographic risk
factors and cloud-based PAP parameters on adherence against
the backdrop of 30-night and 90-night usage windows.

In addition, we delved into a longitudinal exploration of PAP
adherence within this cohort, analyzing serial 90-night adher-
ence data reports spanning from the initiation of PAP therapy
up to June 2021.

Statistical analyses

Comparisons between normally distributed continuous variables
(eg, age) and categorical variables (eg, adherent vs nonadherent
were performed using 2-tailed ¢ tests, and chi-square was used
to compare binary categorical variables (eg, male sex, ethnic-
ity, preferred language). Non-normally distributed variables (eg,
residual apnea-hypopnea index, body mass index) were com-
pared using nonparametric Mann-Whitney U tests. Adherence
rates were compared using unpaired 2 tailed ¢ test. A P value of
< .05 was considered statistically significant. Statistical data
analyses were performed using the software IBM Statistical
Package for Social Sciences version 28.0.1.1 (Armonk, NY).

RESULTS

From the EHR, we identified 73 patients with DS who were
using PAP therapy. Cloud-based data were accessible for 47 of
these patients (64%) over a 90-night period and for 46 patients
(63%) over a 30-night period. A demographic overview of the
study cohort is presented in Table 1. The mean age of the
patients was 17.7+4.6 years, with 21 females (45%). Most
patients were using continuous PAP or auto-adjusting continu-
ous PAP devices. Additional demographic characteristics are
detailed in Table 1.

The analysis of median adherence revealed higher rates at
30 nights post-clinic visit compared to 90 nights post-clinic visit:
56.7% (interquartile range [IQR]: 0.0, 90.8%) vs 34.4% (IQR: 0.0,
86.7%), respectively (P < .05). Figure 1 provides a graphical repre-
sentation of adherence at 30 nights and 90 nights, illustrating that
approximately one-third of patients were highly adherent, another
third were nonusers, and the remaining third exhibited partial
adherence.

There was no significant difference in median usage between
the 30-night and 90-night periods following the clinic visit:
58.2% (IQR: 13.0, 93.9%) vs 62.0% (IQR: 13.0, 94.4%),
respectively (P = nonsignificant).

When assessing adherent patients (defined as those using
PAP for 4 or more hours greater than the median), we observed
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Table 1—Demographic summary of study population (n = 47).

Sex

Female 21

Male 26
Age (mean + SD) (years) 17.7+4.6
BMI (mean, IQR) (kg/m?) 26.63 (20.9, 31.7)
Ethnicity

Hispanic 34

Non-Hispanic 13
Primary language

English 28

Spanish 19
Insurance

Public 31

Private 16
Device

CPAP 27

BPAP 5

APAP 15

APAP = autotitrating positive airway pressure, BMI = body mass index,
BPAP = hilevel positive airway pressure, CPAP = continuous positive
airway pressure, IQR = interquartile range, SD = standard deviation.

that 23 out of 46 patients (50%) were adherent at 30 nights post-
clinic visit, and 23 out of 47 patients (49%) were adherent at
90 nights post-clinic visit. Across both 30-night and 90-night
intervals, no demographic risk factors were identified as being
associated with PAP adherence. Among PAP-based parameters,
no factors were significantly associated with adherence at either
30- or 90-nights post-clinic visit. However, there was a trend sug-
gesting that higher expiratory positive airway pressure and/or
lower residual apnea-hypopnea index were associated with
greater adherence (Table 2).

Adherence to PAP therapy in patients with Down syndrome

We also conducted a longitudinal assessment of PAP usage
and adherence. Out of the 47 individuals with accessible cloud-
based adherence data, 32 individuals (68.1% of the cohort) had
longitudinal data spanning 2 or more consecutive 90-night PAP
adherence reports. A demographic summary of these 32 indivi-
duals is presented in Table S1 in the supplemental material.

The median adherence rate was 69.7% (IQR: 19.2, 90.0%), and
the median usage rate was 78.2% (IQR: 45.2, 95.7%). A graphical
representation of longitudinal adherence and usage for this
cohort is depicted in Figure 2. The median hourly usage of
PAP in this longitudinally followed cohort was 6.40 hours (IQR:
3.2, 7.9 hours). Additionally, when assessing Centers for Medi-
care and Medicaid Services adherence—defined as using PAP
for at least 4 hours per night on 70% of nights during a consecutive
30-night period within the initial 90 nights—this was observed in
19 out of 32 individuals (59%).

When comparing the mean + standard deviation adherence
rate of 54.5+ 12.1% of the longitudinal cohort to both (1) an age-
and sex-matched population of patients prescribed PAP without
DS or other congenital abnormalities, including cerebral palsy
(see Table S2 in the supplemental material for matching data)
and (2) previously published data,'® patients with DS demon-
strated significantly higher PAP adherence at 90 nights (Figure
3) compared to all groups with exception to the group of children
aged 12—15 years (n = 0.08) from previously published data.'®

DISCUSSION

Our study on patients with DS using PAP therapy, through both
cross-sectional and longitudinal analyses, confirmed several
key findings. While many patients with DS faced challenges in
consistently using PAP, including some who discontinued its
use, a marked number exhibited what we would term “super
usage,” with adherence rates of 90% or higher (eg, 13 of 46 or
28% in the cross-sectional analysis of 30 nights following clinic
visit). Notably, when compared to patients at our center without
congenital or syndromic conditions using PAP, or to findings

Figure 1—Cross sectional PAP therapy adherence.
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(A) Adherence or the percentage of nights where PAP device usage was equal to or greater than 4 hours per night over 30 consecutive nights following sleep clinic
visit. (B) Adherence or the percentage of nights where PAP device usage was equal to or greater than 4 hours per night over 90 consecutive nights following sleep

clinic visit. PAP = positive airway pressure.
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Table 2—Risk factors associated with positive airway pressure adherence at 30-night and 90-night intervals.

30-Night Interval 90-Night Interval
Nonadherent Adherent Nonadherent Adherent

(n=23) (n = 23) P (n=23) (n = 24)* P
Demographic Characteristics
Age 173( 8) 176( 3) NS 178( 9) 175(43) NS
Male sex 3 (56.5) 2 (52.2) NS 4 (60.9) 2 (50) NS
Hispanic ethnicity 6 (69.6) 5 (65.2) NS 5 (65.2) 6 (66.7) NS
Spanish preferred language 9 (39.1) 9 (39.1) NS 8 (34.8) 0 (41.7) NS
BMI (kg/m?) 254 (19.7, 30.2) 29.6 (22.3, 34.9) NS 254 (20.9, 31.5) 26.7 (215, 33) NS
Device Data
EPAP 7.9 (5, 11.1) 9.4 (7.8, 10) .103 7.9 (5, 9.9 8 (6, 10) .160
rAHI (events/h) 6.4 (4.1, 12.6) 1.7 (14, 3.1) A73 6.3 (2.9, 10.6) 1.6 (1.3, 3.2) NS
Median leak (Ipm) 2.1(0.3, 4.6) 3903, 7) NS 49(0.9,7.2) 2.7 (04, 5.3) NS

*Median adherence % of nights use in the 30-night adherence: 56.7% (used for cutoff at 30-night interval); **Median adherence % of nights use in the 90-night

adherence: 34.4% (used for adherence cutoff of 90-night interval). BMI =
minute, NS = nonsignificant, rAHI = residual apnea-hypopnea index.

body mass index, EPAP = expiratory positive airway pressure, Ipm = liters per

from a previously published big-data study on pediatric PAP
adherence,'® we found that patients with DS in fact demonstrated
even higher adherence at 90 nights. At minimum, these results
challenge the notion that individuals with DS cannot successfully
use PAP therapy. In fact, our longitudinal analysis showed that
most patients using PAP therapy experience improvements over
time. Notwithstanding, we do remark that our cross-sectional anal-
ysis revealed a decline in adherence rather than usage when com-
paring PAP reports for 90 nights vs 30 nights following the clinic
visit. While we cannot explicitly explain why this occurred, we
speculate that the proximity of the 30-night period to the clinic
visit emphasizes the importance of regular follow-up and close
contact with the health care team. This likely helps ensure contin-
ued patient education and motivation, which may explain the
higher adherence seen in the immediate 30-night follow-up com-
pared to the 90-night follow-up.

Pediatric OSA management primarily involves surgical inter-
ventions, with AT being the most common procedure. However,
it is well recognized that this approach is insufficient in nearly
20% of cases,'® highlighting the need to explore alternative ther-
apies for treating pediatric OSA.'® Studies in children with DS
also consistently show that conventional surgical approaches
often fall short in the management of OSA.*~'? Other more inten-
sive surgical approaches for managing OSA in DS include ton-
gue reduction, uvulopalatopharyngoplasty, maxillomandibular
advancement, and lingual tonsillectomy, often tailored to address
specific anatomical abnormalities causing airway obstruction.
Additionally, the surgical placement of a hypoglossal nerve stim-
ulator, recently approved for children with DS aged 13 and
older,”® has emerged as a viable adjunctive treatment.”'**> While
these secondary surgeries offer significant promise for treating
OSA in DS, it is important to note that they are potentially inva-
sive and carry substantial risks.

Our study provides valuable insights, indicating that PAP ther-
apy is highly effective in many patients with DS and suggests a

Journal of Clinical Sleep Medicine, Vol. 21, No. 4

strong likelihood of success in this population. Although few stud-
ies have investigated OSA across the lifespan in patients with DS,
the progressive hypotonia of upper airway muscles with age sug-
gests that PAP or hypoglossal nerve stimulation may eventually be
the only therapies with sustained effectiveness, although this con-
cept remains unknown. Furthermore, the impact of OSA treatment
on altering the life course of patients with DS is considerably
understudied. The possibility that OSA therapy could slow or pre-
vent the progression of cardiovascular disease or delay the onset of
Alzheimer’s disease and dementia—conditions highly prevalent
in DS—raises critical questions for patients and families about the
importance of treating OSA to improve long-term health out-
comes. Our findings support the rationale for developing clinical
trials to evaluate how PAP therapy can enhance the life course of
patients with DS by effectively managing OSA.

Previous studies have shown that PAP therapy is effective in
treating OSA in children with DS, including improvements in
health.”*** However, research specifically focusing on PAP
usage and adherence in this population remains limited. Kang
et al*> found that, compared to typically developing children,
103 children with developmental disabilities—including 31%
with DS—demonstrated higher PAP usage at 3 and 6 months,
with up to 90% of nights utilizing the device. Notably, 18 of the
103 children dropped out, potentially due to nonadherence.
A key limitation of the study is that adherence, defined as the
percentage of nights with at least 4 hours of PAP use, was not
reported. Nonetheless, PAP usage was higher and remained
higher over time in children with developmental disabilities.
The study also identified higher income and repeat PAP titra-
tions as positive predictors of increased PAP usage in these
children.

Other studies have similarly reported that children with
developmental disabilities are more likely to adhere to continu-
ous PAP therapy.”® While the reasons for higher adherence in
these children remain unclear, factors such as increased parental
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Figure 2—Longitudinal PAP therapy adherence.
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(A) Longitudinal adherence of individual patients with Down syndrome (n = 32). (B) Aggregated longitudinal adherence of all patients with Down syndrome (n = 32).

Expressed as mean =+ standard error of the mean. PAP = positive airway pressure.

involvement in care may play a major role. Additionally, chil-
dren with disabilities, including DS, often require more inten-
sive medical support, including frequent clinical follow up
visits, which may contribute to the observed improvements in
PAP adherence over time in both our findings and those of
Kang et al.>> Regular follow-up for children using PAP could
help address common issues like mask fit, air leaks, PAP levels,
and device mode adjustments, including considerations for bile-
vel PAP. Timely intervention for symptoms such as nasal con-
gestion may further optimize adherence. These follow-up visits
also reinforce education, emphasizing the rationale behind PAP
therapy, while providing strategies for better adherence, such as
behavioral modification and positive reinforcement through
rewards. Routine follow-up is a critical component of adher-
ence to therapy.”’

Journal of Clinical Sleep Medicine, Vol. 21, No. 4

Xanthopoulos et al*® have highlighted considerable hetero-

geneity in parental perceptions and experiences in caring for
children with DS who use PAP. Variability exists in initial edu-
cation about PAP and adherence strategies, including the use of
visual aids, as well as in caregiver experiences with the medical
care team. Given the dynamic nature of PAP adherence, the
authors emphasize the importance of ongoing communication
and partnership with families to optimize outcomes, underscor-
ing the role of regular follow-up. This notion is especially perti-
nent in children with DS, where the complexity of care may
necessitate more frequent and comprehensive follow-up visits,
potentially explaining higher adherence rates in children with
DS compared to controls.

A key factor in improving PAP adherence in children is the
presence of family members who also use PAP therapy and can
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Figure 3—Comparing PAP therapy adherence in patients with DS to that of other populations.
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serve as role models. Puri et al*’ found that among 56 children,

32% of whom had developmental disabilities, those with a fam-
ily member using PAP showed significantly higher usage hours
and a trend toward greater adherence compared to children
without a family member using the therapy.

The findings of these studies underscore the critical role that
family members and caregivers play in supporting children on
PAP therapy. This involvement may help explain why patients
with DS often demonstrate higher usage and adherence, as
parental engagement is integral to their care.

Our study has several limitations. Although we evaluated the
relationship between certain demographic factors, the retro-
spective design did not allow us to assess important variables
such as parental experiences, knowledge of PAP therapy, previ-
ous exposure to PAP, or the use of behavioral modification
techniques at home, including visual aids, which may influence
PAP adherence. Additionally, we lacked information on other
potentially important demographic factors, such as parental
education level or socioeconomic status. Additionally, our sam-
ple was drawn from a single center, limiting the generalizability
of our findings, particularly given the existing variability in
access to pediatric sleep medicine, clinical care, and education
provided by durable medical equipment companies. The small
sample size further constrained our ability to perform ade-
quately powered multivariate logistic regression analyses to
assess the impact of factors like mask leaks and PAP pressures,
both of which have been identified as significant predictors of
adherence in larger studies using big data approaches.'® Future
studies should adopt multicenter designs to increase sample
size and improve generalizability. Finally, a key limitation of

Journal of Clinical Sleep Medicine, Vol. 21, No. 4

studies assessing PAP adherence longitudinally is the selection
bias inherent in focusing on patients who continue using PAP
across all adherence levels. Patients who discontinue PAP due
to nonusage are excluded from the analysis, resulting in the
absence of their longitudinal data and potentially inflating
adherence rates. Despite this, our longitudinal analysis with a
smaller cohort (n = 32) showed that a subset of patients consis-
tently adhered to PAP therapy.

CONCLUSIONS

Through both cross-sectional and longitudinal analyses, our
findings strongly demonstrate that many patients with DS suc-
cessfully adhere to PAP therapy. These results align with the
DISCOVER study, where Svensson et al*® reported that among
33 adults with DS and OSA, cross-sectional analysis revealed
that PAP adherence (= 4 hours of use) was achieved on 60% of
nights, comparable to the 62.6% seen in 132 control adults over
1.3 years of follow-up. In contrast to the DISCOVER study, our
research included children, was conducted at a children’s hospi-
tal, and featured longitudinal analyses. Together, these findings
challenge the misconception that patients, including children
with DS struggle with PAP therapy. In fact, they are as
successful—if not more—than those without DS. Given these
observations, by identifying patients with DS who are super users
a priori, our study lays the groundwork for future research to
explore whether PAP therapy can effectively improve long-term
health outcomes in DS, including cognitive function and the pre-
vention of Alzheimer’s disease.
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ABBREVIATIONS

AT, adenotonsillectomy

DS, Down syndrome

EHR, electronic health record
IQR, interquartile range
OSA, obstructive sleep apnea
PAP, positive airway pressure
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Table S1—Demographic summary of study population assessed for longitudinal analysis of PAP
adherence (n=32).

Number of patients 32
Number of 90-night PAP reports 6.3+3.9
Age (years) 19+4.01 (9.6-26.2)
BMI (kg/m?) 28.20+9.98
Sex
Female 14 (44%)
Male 18 (56%)
Race
White 14 (44%)
Hispanic 8 (25%)
Asian 4 (12%)
Other 6 (19%)
Device type
CPAP 15 (47%)
Bilevel PAP 5 (16%)
APAP 12 (37%)
CMS Medicare compliance
Yes 19 (59%)
No 13 (41%)

No statistical differences were observed between the non-compliant and compliant groups. NS — not
statistically significant (P > 0.2).

BMI — body mass index; EPAP — expiratory positive airway pressure; rAHI — residual apnea-hypopnea
index; Ipm — liters per minute



Table S2—Comparison of patients with Down syndrome and without congenital syndromes.

Patients with DS

Patients without Congenital

(n=32) Syndromes (n=32)
Age (y) 17.7+4.6 17.2+4.1 NS
Sex NS
Female 14 14
Male 18 18

DS — Down syndrome; NS — not statistically significant (P > 0.2).
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