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in children referred for PAP initiation. Possible indicators of 
PAP adherence were chosen based on the literature regarding 
PAP adherence in adults, and adherence to other medical regi-
mens in children. We hypothesized that older age (i.e., adoles-
cence),11 minority status,9,12 and lower maternal education13,14

would be associated with less adherence. We also hypothesized 
that low parental stress and higher levels of social support 
would be associated with increased adherence,9,13,15 In addition, 
we evaluated exploratory factors including clinical parameters 
and parental and child rated quality of life.16

This study was conducted prospectively as part of a clinical 
trial examining PAP adherence in children with OSAS receiv-

Study Objectives: Children with obstructive sleep apnea 
are increasingly being treated with positive airway pressure 
(PAP), particularly if they have underlying medical conditions. 
Although PAP is an effective treatment, its use is challenging 
due to poor adherence. We hypothesized that demographic, 
psychosocial, and polysomnographic parameters would be re-
lated to PAP adherence. We therefore prospectively collected 
data potentially pertaining to PAP adherence, and correlated it 
with PAP use.
Methods: Fifty-six patients and their parents completed a 
series of psychosocial questionnaires prior to PAP initiation. 
Objective adherence data were obtained after 1 and 3 months 
of PAP use.
Results: The population was primarily obese; 23% had neu-
rodevelopmental disabilities. PAP adherence varied widely, 
with PAP being worn 22 ± 8 nights in month-1, but mean 
use was only 3 ± 3 h/night. The greatest predictor of use 
was maternal education (p = 0.002 for nights used; p = 0.033 
for mean h used/night). Adherence was lower in African 

American children vs other races (p = 0.021). In the typi-
cally developing subgroup, adherence correlated inversely 
with age. Adherence did not correlate with severity of apnea, 
pressure levels, or psychosocial parameters other than a cor-
relation between family social support and nights of PAP use 
in month-3.
Conclusions: PAP adherence in children and adolescents is 
related primarily to family and demographic factors rather than 
severity of apnea or measures of psychosocial functioning. 
Further research is needed to determine the relative contribu-
tions of maternal education, socioeconomic status and cultural 
beliefs to PAP adherence in children, in order to develop better 
adherence programs.
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The obstructive sleep apnea syndrome (OSAS) affects ap-
proximately 2% of young children.1 In most children with 

OSAS, adenotonsillectomy is the fi rst line of treatment.1 How-
ever, in children with persistent postoperative OSAS due to 
additional risk factors, such as obesity or genetic syndromes, 
or in children for whom surgery is contraindicated, treatment 
with positive airway pressure (PAP) therapy is often required.1-7

Although PAP use has become common in children, there is a 
paucity of studies rigorously evaluating its use. In particular, 
there have been very few studies evaluating PAP adherence in 
children using objective criteria. Studies in adults have shown 
that factors that are often thought intuitively by clinicians to be 
important for PAP adherence, such as high pressures or inter-
face issues,8,9 have not been borne out by rigorous study.10

The few studies available in children suggest that PAP is 
highly effective in the laboratory situation, but its use outside 
the laboratory is limited by suboptimal adherence.3,6 To our 
knowledge, there have been no prospective studies evaluating 
psychosocial predictors of PAP use in children. A better under-
standing of the factors predicting PAP adherence in children 
would help in formulating better management plans. We there-
fore prospectively evaluated factors predicting PAP adherence 

BRIEF SUMMARY
Current knowledge/Study Rationale: Positive airway pressure (PAP) 
treatment is increasingly being used in children with obstructive sleep 
apnea, but its effi cacy is limited by poor adherence.  There have been no 
prospective studies evaluating predictors of PAP adherence in children. 
Study Impact: This study shows that maternal education is the most sig-
nifi cant predictor of PAP adherence in children, although race, age and 
family social support are also predictive factors.  These factors should 
be considered when designing interventions to promote PAP adherence.
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ing two modes of PAP delivery: continuous positive airway pres-
sure (CPAP) vs bilevel pressure release (Bi-Flex). Although no 
difference in adherence was found between modes,17 the mode 
of usage was controlled for in the current study. The study was 
registered at Clinicaltrials.gov (#NCT00458406).

METHODS

Study Population
Consecutive children aged 2-16 years with polysomnograph-

ically diagnosed OSAS, who were naïve to PAP and who were 
referred for PAP initiation, were recruited from the Sleep Cen-
ter at The Children’s Hospital of Philadelphia. The study was 
approved by the Children’s Hospital of Philadelphia Institu-
tional Review Board (#07-005190). Written informed consent 
was obtained from the parent/legal guardian; and assent from 
children ≥ 7 years of age when capable.

Measures
All subjects had undergone a baseline clinical polysomno-

gram prior to study entry, and medical records were reviewed. 
Height and weight were measured, and subjects were classi-
fied as obese if their body mass index was ≥ 95th percentile for 
age and sex.18 Subjects and the accompanying parent/guardian 
completed a series of psychosocial questionnaires (see details 
of the measures in Table 1).

PAP Protocol
Subjects were fitted with a PAP mask and allowed to habitu-

ate to this for 2 weeks. They then underwent a protocol-driven 
titration polysomnogram. Subjects received free PAP equip-
ment, including heated humidification and interfaces, the morn-
ing after titration. A 48-h phone call, 2-week phone call and 
monthly visits to the research clinic were made to assess use, 
provide support, and identify and troubleshoot side effects and 

barriers to use, such as behavioral issues, nasal congestion, eye 
irritation, skin breakdown, or equipment problems. The type of 
interface was adjusted or changed as needed. All efforts were 
made to contact subjects who did not use their PAP or return 
for evaluations and to address and treat any potential barriers 
to PAP use, e.g., by using behavior modification techniques and 
treating nasal symptoms with antihistamines, decongestants, or 
anti-inflammatories. Objective adherence data were obtained 
from the equipment at month-1 and month-3 (EncorePro2, Res-
pironics, Murrysville, PA). Primary outcomes were the mean 
number of nights the equipment was placed on per month, and 
mean hours of PAP use at prescribed pressure per night (aver-
aged over all nights). In addition, the number of hours that the 
machine was turned on but did not necessarily deliver the pre-
scribed pressure was measured at month-1.

Statistical Methods
Unless otherwise specified, data are shown as mean ± SD. 

A p-value < 0.05 was considered significant. Histograms and 
Kolmogorov-Smirnov tests were used to examine normalcy 
of distribution. Appropriate parametric or nonparametric tests 
were used to examine differences between subjects under 2 
conditions as well as differences between subgroups, and dif-
ferences between a variety of categorical variables, including 
obesity status (Yes/No), gender, race (African American vs all 
others), and developmental delay (Yes/No). Maternal educa-
tion was treated as an ordered categorical variable. Appropri-
ate correlation coefficients (Pearson or Spearman) between 
predictor variables and PAP were examined. Hierarchical mul-
tiple linear regression models were used to examine the effects 
of various covariates on the primary PAP use outcomes. Vari-
ables correlating with PAP use at the < 0.10 significance level 
and variables considered theoretically important were consid-
ered for inclusion in the pool of potential predictors, and were 
entered in separate blocks in a specified order. PAP mode was 
forced into the model in the first block. Developmental delay 

Table 1—Survey instruments

Instrument Description of Measure Respondent
Modified Epworth Sleepiness 
Scale30

Measure of daytime sleepiness that has previously been adapted for 
the pediatric population30-32

Caregiver

Child Behavior Checklist 
(CBCL)33,34

Survey of behavior competencies that yields standardized, age-
adjusted scores on internalizing and externalizing behavior difficulties

Caregiver (all) plus youth self-report if 11-18 
years of age and developmentally able

Conners Abbreviated Symptom 
Questionnaire35

Screening tool for attention deficit hyperactivity disorder Caregiver

Pediatric Quality of Life 
(PedQL)36

A standard measure of quality of life that has been used widely in 
pediatric populations

Caregiver (all) plus child if ≥ 5 years of age 
and developmentally able

OSA1837 An instrument that combines symptoms of OSAS and disease-
specific quality of life measures

Caregiver

Parenting Stress Index Short 
Form (PSI-F)38

A measure of parents’ perception of stress in the parent-child 
relationship

Caregiver

Medical Outcomes Study Social 
Support (MOSS)39

A measure of perceived social, emotional, and tangible parental 
support

Caregiver

Nasal Obstruction Symptom 
Evaluation (NOSE)40

A measure of nasal symptoms Caregiver with child input
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(Yes/No) and CBCL score (disruptive child behaviors) were 
entered in the second block; total scores of the PSI (parental 
stress) and MOSS (social support) were entered in the third 
block; and age, race, and maternal education were entered in 
blocks 4-6, respectively. At block 2 through 6, a stepwise entry 
method was used.

RESULTS

Study Group
Sixty children were enrolled; 4 were subsequently excluded. 

See Figure 1 for details of enrollment and exclusion. Adher-
ence data could not be obtained for 2 patients at month-1 due to 
equipment malfunction, but could be obtained at month-3. Two 
subjects were evaluated at month-1 but were subsequently lost 
to follow-up.

Subject characteristics are shown in Table 2. As is typical for 
children requiring CPAP,3,5,6 many subjects were obese and/or had 
underlying medical problems contributing to their OSAS, and al-
most a quarter had major developmental disabilities. Children had 
moderate to severe OSAS and excessive daytime sleepiness.

Adherence
Subjects placed PAP on most nights, with a mean use of 

22 ± 8 nights in month-1 (Figure 2); 78% used it ≥ 50% of 
nights for month-1. At month-3, mean use was slightly lower 
(19 ± 9 nights/month). However, although PAP was placed 
on the subject most nights, the mean duration of nightly use 
was low. PAP was used for only 3 ± 3 h/night (range 0-9) dur-
ing month-1, although there was wide individual variation. 
Month-3 data were similar, with mean nightly use of 2.8 ± 
2.7 hours.

The average number of h/night during month-1 that the 
device was turned on (i.e., the total time that the device was 
turned on, whether it was delivering full pressure or not) was 

much higher than the mean use at pressure: 4.9 ± 2.7 vs 3 ± 
3 h (p < 0.001).

Factors Predicting PAP Adherence
There was no correlation between adherence and age for the 

group as a whole (Figure 3). When the subjects with develop-
mental delay were excluded from analysis, there was a signifi-
cant inverse correlation between age and number of nights at 
month-3 (r = -0.483, p = 0.001), but not for other adherence 
parameters.

African American children used PAP for fewer hours/night 
than other races (2.5 ± 2.4 vs 4.2 ± 2.8 h in month-1, p = 0.021). 
However, there was no significant difference in the number of 
nights that PAP was placed on (African Americans 21.6 ± 8.6 
vs other races 23.2 ± 8.0 nights, p = 0.63), or in the number 

69 subjects eligible

9 declined 60 enrolled

4 excluded 56 studied

Figure 1—Flow diagram of subject enrollment

Sixty-nine consecutive children were approached, of whom 9 declined 
(2 because of distance, 5 because of the burden of the study visits, 1 
for no stated reason, and 1 because of severe parental illness). Thus, 
60 children were enrolled. Four children were subsequently excluded: 
one child with Down syndrome developed pneumonia one week after 
enrollment and underwent tracheotomy; one child with nasopharyngeal 
stenosis underwent surgery; one adolescent was institutionalized for 
behavioral problems without his PAP equipment; and one child moved 
away after consenting but before entering the study. Thus, data are 
presented on 56 subjects.

Table 2—Study group
N 56

Age (yr) 12 ± 4
Range 2 – 16

Males 38 (68)

Race
African American 33 (59)
Caucasian 20 (36)
More than one race 3 (5)

Hispanic ethnicity 5 (9)

Obesea 40 (71)

Other diagnosesa

Genetic syndrome 11 (20)
Central nervous system abnormality 6 (11)
Craniofacial syndrome 3 (5)
Pulmonary disease 3 (5)
Growth hormone deficiency 1 (2)

Neurodevelopmental disabilitya 13 (23)

Maternal education
Did not complete high school 2 (4)
Completed high school; no college 16 (29)
Some college 21 (38)
Completed college 10 (18)
Completed postgraduate degree 7 (13)

Polysomnographic results
Apnea hypopnea index (N/h) 19 ± 16
Arterial oxygen saturation nadir (%) 79 ± 13
Peak end-tidal CO2 (mm Hg)b 57 ± 5 

Modified Epworth score30 10 ± 5

PAP pressure
Subjects on CPAP (N = 13)

CPAP (cm H2O) 8 ± 2
Subjects on bilevel pressure (N = 43)

Inspiratory pressure (cm H2O) 13 ± 3
Expiratory pressure (cm H2O) 7 ± 2

Data shown as mean ± SD or N (%) unless otherwise specified. aNote that 
some children had multiple diagnoses. bN = 52; not obtained in 4 subjects 
who had their baseline sleep study at outside facilities.
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of hours of use/night for month-3. There were no differences 
between African American subjects and subjects of other races 
in any of the demographic, polysomnographic, behavioral, or 
social predictor variables, with the exception of developmental 
delay, which was less common in the African American sub-
jects (p = 0.026).

Adherence was highly correlated with maternal education 
(Figures 4, 5): Month-1, r = 0.405, p = 0.002 for nights used, 

and r = 0.290, p = 0.033 for mean h of use/night; month-3, 
r = 0.396, p = 0.004 for nights used, and r = 0.314, p = 0.023 for 
mean h of use/night. Note that maternal education was used, as 
only 9% of respondents were fathers.

There was no effect on adherence of gender, obesity status, 
presence/absence of developmental delay, severity of baseline 
polysomnography, pressure level, nasal symptoms at baseline, 
sleepiness, child behavior, parental stress, or social support, 
except for the MOSS, which correlated with nights used at 
month-3 (i.e., a higher level of social support correlated with 
more PAP use; r = 0.50, p < 0.0005). Parental stress, as mea-
sured by the Parental Stress Index, did not change between 
month-1 and month-3 (p = 0.47).

Other than the effect of age (noted above), findings were 
similar when the subset of children with developmental delay 
was excluded from analysis.

PAP has not been approved by the Food and Drug Admin-
istration (FDA) in the USA for children < 7 years of age or 
weighing < 40 pounds (18.2 kg). Nine of the subjects were < 
7 years of age, and 4 of these children also weighed < 18.2 kg 
and therefore did not meet FDA eligibility criteria. There was 
no difference in PAP adherence between children < 7 years of 
age compared to older children.

Regression Models
Data from the regression models are shown in Table 3. The 

unstandardized regression coefficients (β) indicate that for 
a unit increase in maternal education (e.g., from high school 
graduate to some college), ~3.5 more nights of PAP use would 
be expected at month-1; that the comparison group (race other 
than African American) would be expected to use PAP ~1.9 h 

Nights used/month-1

N 
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Figure 2—Positive airway pressure nightly use for month-1

The number of nights/month that positive airway pressure therapy was used during month-1 is shown for individual subjects (expressed as a percentage of 
total subjects)
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Figure 3—Correlation between positive airway pressure 
use and age for month-1

The correlation between mean nightly positive airway pressure (PAP) use 
and age is shown for month-1. There was no significant correlation.
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Table 3—Multiple linear regression model results, controlling for positive airway pressure mode (mode forced into the model at step 1)

Independent variable
Unstandardized

β coefficient SE
β coefficient

p value
Change 

in R2
p-value for

change in R2
Overall

R2
Overall
p value

Outcome = Nights Used, Month 1
Constant -3.157 7.507 0.676 – –
PAP mode 1.859 2.479 0.457 0.006 0.585 – –
Maternal education 3.480 1.026 0.001 0.197 0.001 0.203 0.005

Outcome = Nights Used, Month 3
Constant -4.367 6.289 0.491 – –
PAP mode -1.412 2.690 0.602 0.006 0.597 – –
MOSS 5.466 1.399 < 0.0005 0.252 < 0.0005 0.258 0.001

Outcome = Mean Nightly Use (hours/night), Month 1
Constant 2.442 0.490  < 0.0005 – –
PAP mode -0.066 0.840 0.938 0.001 0.831 – –
Racea 1.943 0.732 0.011 0.130 0.011 0.131 0.037

Outcome = Mean Nightly Use (hours/night), Month 3
Constant 2.707 0.470  < 0.0005 – –
PAP mode -1.229 0.870 0.165 0.030 0.240 – –
Developmental delayb 2.401 0.927 0.013 0.126 0.013 0.156 0.022

The unstandardized regression coefficient (β), standard error (SE) of the coefficient, p value of the coefficient, change in R2 and its p-value as a result 
of the addition of the new predictor, overall R2 for the entire model and overall p value for the model are shown for each adherence outcome. Note that 
the unstandardized regression coefficient (β) reflects the change in the outcome per unit change in the predictor variable. PAP, positive airway pressure. 
aCoded 0 = African American, 1 = other. bCoded 0 = No, 1 = Yes.

longer per night at month-1 compared to the reference group 
(African American); and that the subjects with developmental 
delays would be expected to use PAP ~2.4 h longer per night at 
month-3 compared to typically developing children. Changes 
in R2 at each step as a result of adding the new predictor at that 
step are shown.

DISCUSSION

This study evaluated a wide range of demographic, psycho-
social, and polysomnographic variables that were thought to be 
possible predictors of PAP adherence in children and adoles-
cents. Despite the removal of any potential economic barrier by 
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The mean hours per night of positive airway pressure (PAP) use per night 
at each level of maternal education is shown for month-1. There was a 
significant correlation between maternal education and minutes of PAP 
use. HS, high school; grad, graduate; PG, postgraduate.

Figure 5—Maternal education and hours of PAP use per 
night (month-1)
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Figure 4—Maternal education and number of nights with 
positive airway pressure use (month-1)

The number of nights that positive airway pressure (PAP) was used at 
each level of maternal education is shown for month-1. There was a 
significant correlation between maternal education and nights PAP was 
used. HS, high school; grad, graduate; PG, postgraduate.
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providing free equipment and treatment, it was shown that low-
er maternal education was the strongest predictor of poor PAP 
adherence, with older, typically developing youth, and African 
American youth less adherent to PAP. Lower levels of social 
support were also associated with poor adherence.

Similar to other studies of pediatric PAP use, this study com-
prised a clinically heterogeneous group of children with many 
medical and psychiatric comorbidities.2-7 Adults with OSAS 
requiring PAP treatment are typically obese but otherwise 
healthy. In contrast, most children with OSAS respond clini-
cally to adenotonsillectomy, and only a small proportion go on 
to require PAP1; thus, those requiring PAP are typically children 
with additional medical risk factors for OSAS such as Down 
syndrome. Therefore, PAP adherence programs need to be de-
signed for medically complex and/or developmentally delayed 
children and their families. The proportion of obese and African 
American children in this study reflects an inner city popula-
tion which may not be representative of other areas, although 
the increasing prevalence of childhood obesity has resulted in a 
worldwide increase in obesity and childhood OSAS.19,20

As found in other studies of adherence to pediatric medical 
regimens,13 maternal education was strongly associated with 
adherence to PAP. Presumably, this was due to better parental 
understanding of the consequences of OSAS and the impor-
tance of treatment; in general, parental literacy and education 
have been associated with better child health outcomes, includ-
ing better adherence to medical regimens.21 However, it is also 
possible that the relationship between PAP adherence and ma-
ternal education was a reflection of socioeconomic status. Low 
socioeconomic status has been associated with poor adherence 
to CPAP in adults,9 and poor adherence to other medical regi-
mens in children.22 A limitation of this study was the lack of 
data regarding socioeconomic status.

After excluding the subgroup of children with developmen-
tal disabilities, older children and adolescents were less likely 
to be adherent to PAP than younger children. This was not sur-
prising, as adolescents tend to have poor adherence to medical 
regimens,11 and a study of subjective PAP use in adolescents 
showed poor adherence.23 The poor adherence in adolescents 
may be related to developmental issues such as feeling invin-
cible, not wanting to be different from peers, not perceiving 
potential benefits from therapy, and the overall need to rebel 
against authority. In addition, it is likely that the older chil-
dren and adolescents had less parental supervision for PAP 
use. A recent study of children with asthma found that 50% 
of 11-year-olds and 75% of 15-year-olds were responsible 
for taking their own medication24; it is likely that the adoles-
cents in the current study had similar responsibilities for their 
PAP use. Indeed, a study of adolescents with diabetes showed 
that adherence improved when family members were more 
involved in the patient’s care.13 This may be one reason why 
children with developmental disabilities, whose parents are 
more closely involved in their care, did not show age-related 
differences in adherence.

African American children were less likely to be adherent 
than those of other races. This is similar to studies of adults, 
in whom African Americans were five times more likely to be 
nonadherent to PAP than Caucasians.9 It is possible that racial 
differences in adherence are due to differences in socioeconom-

ic status and maternal education level, but differences may also 
be related to cultural attitudes and beliefs.

Similar to other studies of adherence in children13 and 
adults,9,15 indices of family social support were somewhat pre-
dictive of PAP adherence. Concordant with studies in adults, 
neither polysomnographic measures of OSAS severity nor na-
sal symptoms predicted PAP adherence.9 Daytime sleepiness, a 
predictor of PAP adherence in adults,25 was not a predictor of ad-
herence in this study, perhaps because sleepiness is a less promi-
nent symptom in children with OSAS than in adults.26 Behavioral 
factors from the Conners scale and CBCL, such as hyperactiv-
ity and externalizing symptoms (e.g., aggression), which are 
often associated with childhood OSAS,27 were also not related 
to PAP adherence.

Adherence decreased slightly between month-1 and month-3, 
and different factors played a role at each time point (Table 3). 
There was no indication that the clinical or social status of any 
of the subjects or their families changed during the short obser-
vation period. This suggests that factors affecting initiation of 
PAP are different than factors maintaining PAP use, and future 
studies should evaluate predictors of long-term PAP use.

A limitation of this study is that self-efficacy, a predictor of 
PAP adherence in adults,28 was not studied as we could not find 
an appropriate measure to use in children. Future studies of 
self-efficacy in children are needed.

Overall, PAP adherence in this study was suboptimal. Few 
studies have evaluated PAP adherence in children using objec-
tive recordings of PAP use. Two recent studies both showed 
that about a third of children either refused CPAP immediately 
or were lost to follow-up; for those who did use CPAP, nightly 
usage was 5 hours/night.3,6 However, these data cannot be com-
pared directly to the data in the current paper, as the hourly use 
in the previously reported studies included only those subjects 
who accepted CPAP. In contrast, the current study included all 
children regardless of CPAP use and acceptance, and collected 
adherence data on 96% of the cohort by month-3. To our knowl-
edge, this is the first study prospectively evaluating predictors 
of PAP use in children without excluding any who initially re-
fused CPAP. Like other studies using objective adherence data, 
use was found to be less than reported in studies with subjective 
reports of CPAP use.5

PAP has not been approved by the FDA for use in young chil-
dren. However, we did not detect any differences in adherence 
in children < 7 years of age compared to older children, and 
none of the young children experienced any serious complica-
tions from PAP. Home PAP has been used extensively off-label 
in children ranging in age from infancy onwards, with more 
than 300 children enrolled in several large published studies.2-6 
It has been shown to be safe and efficacious, especially when 
compared to the alternative treatments (such as tracheostomy) 
available for children who are not candidates for or were not 
cured by adenotonsillectomy.

In summary, this study has shown that key barriers to PAP 
adherence in children include low maternal education, African 
American race, older patient age, and decreased family social 
support, with maternal education being the most prominent pre-
dictive factor. Clinical factors such as PAP pressure and nasal 
symptoms do not predict PAP usage. Pediatric PAP adherence 
programs tend to focus on equipment modification, behavioral 
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modification and intensive family counseling.5,6,29 However, 
this may not be adequate as these programs may not be suf-
ficiently tailored to the needs of many families being served, 
i.e., families of different races, low socioeconomic status and/
or limited maternal education. Further research is needed to de-
termine the relative contributions of maternal education, race, 
socioeconomic status and cultural and personal beliefs to PAP 
adherence, and whether a more targeted and culturally tailored 
focus on patient and family education regarding OSAS and its 
treatment can improve PAP adherence, and hence the outcomes 
of children with OSAS.

ABBREVIATIONS

CBCL, Child Behavior Checklist
CPAP, continuous positive airway pressure
FDA, Food and Drug Administration
MOSS, Medical Outcomes Study Social Support
NOSE, Nasal Obstruction Symptom Evaluation
OSAS, obstructive sleep apnea syndrome
PAP, positive airway pressure
PedQL, Pediatric Quality of Life
PSI-F, Parenting Stress Index Short Form
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