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ABSTRACT
Background: Rhinitis and obstructive sleep apnea (OSA) often coexist during childhood. To delineate this clinical association, we examined OSA severity

and polysomnogram (PSG) features in children with rhinitis and OSA. Given that rapid-eye-movement (REM) sleep is characterized by nasal congestion, we
hypothesized that children with rhinitis have more REM-related breathing abnormalities.

Methods: We conducted a retrospective cross-sectional analysis of 145 children with PSG-diagnosed OSA. Outcomes included PSG parameters and
obstructive apnea–hypopnea index (OAHI) during REM and non-REM. Linear multivariable models examined the joint effect of rhinitis and OSA parameters
with control for potential confounders.

Results: Rhinitis was present in 43% of children with OSA (n � 63) but overall OAHI severity was unaffected by the presence of rhinitis. In contrast,
OAHI during REM sleep in children with moderate–severe OSA was significantly increased in subjects with rhinitis and OSA (44.1/hr; SE � 6.4) compared
with those with OSA alone (28.2/hr; SE � 3.8).

Conclusion: Rhinitis is highly prevalent in children with OSA. Although OSA is not more severe in children with rhinitis, they do have a distinct OSA
phenotype characterized by more REM-related OSA. Further research is needed to delineate the link between REM-sleep and the physiology of the nose during
health and disease.

(Am J Rhinol Allergy 28, e56–e61, 2014; doi: 10.2500/ajra.2014.28.3994)

Obstructive sleep apnea (OSA) is a common condition that occurs
in �3–4% of children.1 The pathogenesis of OSA in this age

group involves nocturnal obstruction of the nasopharyngeal passages
leading to sleep fragmentation and intermittent hypoxemia.2,3 Day-
time consequences of this syndrome in children include hyperactiv-
ity, excessive daytime sleepiness, and systemic inflammation.3,4 Re-
cent investigations have confirmed that individuals with OSA have
marked nasal inflammatory changes,5,6 suggesting a potential link
between OSA and rhinitis. This association is also suggested by the
clinical observation that patients with allergic rhinitis have poor sleep
quality according to actigraphic and Pittsburgh Sleep Quality Index
variables.7 Adults with rhinitis have a higher prevalence of OSA,8 and
those with rhinitis and OSA have more daytime sleepiness and lower
quality of life according to the Epworth sleepiness scale and the
Rhinosinusitis Quality of Life Questionnaire.9 The evidence for the
association between rhinitis and OSA in children is less strong,10 in
part because most pediatric studies use indirect measurements to
document sleep-disordered breathing (i.e., snoring), instead of over-

night polysomnogram (PSG) to confirm the diagnosis of pediatric
OSA.10

The overall aim of this project was to study the connection between
clinical rhinitis and OSA examining PSG data of children with both
conditions. First, we conducted a retrospective cross-sectional analy-
sis to determine the prevalence of rhinitis in a cohort of 145 children
with OSA confirmed by PSG. We hypothesized that rhinitis is a very
common condition in children with OSA and that the presence of
rhinitis correlates with OSA severity according to standard PSG pa-
rameters such as obstructive apnea–hypopnea index (OAHI) and
maximal nocturnal oxygen desaturation. Next, we used individual
PSG signal processing to evaluate stage-specific breathing abnormal-
ities (i.e., OSA during rapid-eye-movement [REM] sleep stage) as
previously described.11 Given that REM sleep is characterized by
significant nasal congestion12,13 and that REM sleep modulates the
nocturnal phenotypical features of OSA in asthmatic children,11 we
postulated that children with rhinitis and OSA would have more
REM-related breathing abnormalities relative to those with OSA
alone.

METHODS

Subjects
A database of all children that underwent routine overnight PSG at

the Penn State Sleep Research and Treatment Center between January
2010 and June 2011 was reviewed. Patients were eligible for the study
if a diagnosis of OSA had been made on their initial PSG. Infants,
school age children, and young adolescents were included (2–13
years). Patients were excluded if they had respiratory failure (need for
supplemental oxygen or positive airway pressure), central hypoven-
tilation syndromes, congenital heart disease, severe developmental
delay, cerebral palsy, genetic syndromes, craniofacial abnormalities,
or neuromuscular disorders. Patients without complete clinical and
PSG data available were also excluded from the study. Rhinitis status
was determined based on electronic medical records reviewed in
Penn State Children’s Hospital and Penn State Sleep Research and
Treatment Center. OSA was defined as an OAHI � 1.5 events/hr14

and classified based on OAHI as mild (1.5–5/hr), moderate (5 to
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�10/hr), or severe (�10/hr). Only the patient’s initial PSG was
included in the study. This study was approved by the Institutional
Review Board of Penn State College of Medicine.

Sleep and Respiratory Recordings
PSG Protocol. Standard pediatric overnight PSG was performed on

all patients. During 9–10 hours the child’s sleep was continuously
recorded to a computerized system (Twin PSG software; Grass Tech-
nologies, Inc., West Warwick, RI) and scored manually in 30-second
epochs according to American Academy of Sleep Medicine (AASM)
standardized criteria.14 PSG measurements included electroencepha-
lograms (C4-A1 and O2-A1), right and left electro-oculograms, elec-
trocardiogram, mental–submental electromyogram, leg electromyo-
gram, thoracic and abdominal wall motion (respiratory inductance
plethysmography), pulse oximetry (with 2-second averaging time),
end-tidal carbon dioxide monitoring (RespSense Capnograph; Grass
Technologies. Inc.), combined nasal/oral thermistor, and nasal pres-
sure (model TCT R; Grass-Telefactor, Inc). Objective estimate of snor-
ing during the PSG was obtained with a microphone attached to the
neck (model 1250G; Grass Technologies, Inc.). Infrared video moni-
toring was also routine. Body position was determined by a sensor
and confirmed by direct observation throughout the night.

PSG Scoring and Analysis. Sleep stages and respiratory events were
scored according to the AASM pediatric scoring criteria.13 Five AASM
sleep stages were identified (wake stage � W, stage 1 � N1, stage 2 �
N2, stage 3 � N3, and stage REM � R). For the purpose of this
investigation, we used OAHI and respiratory data calculated for W
stage (beginning of PSG), non-REM (NREM) stage (represented by
N1, N2, and N3), and REM sleep. The OAHI included obstructive
apneas, hypopneas, and mixed apneas. The minimum respiratory
event duration was �2 respiratory cycles. Obstructive apneas were
scored if there was an absence of airflow with continued respiratory
effort. Obstructive hypopneas were scored if there was a discernible
decrease in airflow of �50% associated with either a �3% pulse
oximetry saturation (SaO2) desaturation and/or an arousal. Mixed
apneas were scored if there was a discernible decrease in airflow with
a period of no respiratory effort and a period of continued respiratory
effort associated with either a �3% SaO2 desaturation and/or an
arousal. The OAHI was calculated separately during REM, NREM
sleep, and total sleep time (TST). Pulse oximetry signal was examined
separately and carefully cleaned from artifacts. “Maximal percentage
of SaO2 desaturation” was calculated with the formula (SaO2 base-
line � SaO2 nadir)/SaO2 baseline, and it was individually measured
during NREM and REM sleep stages as previously described.11 Ad-
ditional respiratory analyses were conducted to obtain baseline SaO2

during TST, wake, and NREM and REM sleep.

Rhinitis Status and other Covariables
Clinical and demographic variables were obtained reviewing elec-

tronic medical records. Rhinitis and atopic status were assessed based
on preestablished criteria.15,16 The variable “rhinitis” was defined as
physician diagnosis of rhinitis based on sneezing, runny or blocked
nose without a cold, or the flu in the last 12 months according to
International Study of Asthma and Allergies in Childhood method-
ology used for rhinitis.15,16 Most of the diagnoses were gathered from
allergy or ear, nose, and throat visits so we believe that the informa-
tion was fairly reliable. “Atopy” was defined as one of the following:
(1) total IgE of �150 U/mL; (2) at least one positive allergen-specific
IgE level (radioallergosorbent test or ImmunoCAP); (3) at least one
positive allergen-specific skin test or; (4) eosinophilia, which was
considered to be present if eosinophils were �4% of the total white
blood cells.14,15 “Asthma” was defined in this pediatric population as
the presence of (1) ever being diagnosed with asthma by a physician
based on criteria recommended for children 0–4 years and 5–11 years
of age in the National Institutes of Health National Asthma Education
and Prevention Program guidelines17 and (2) use of asthma therapy

and/or presence of asthma symptoms in the past 12 months. Other
covariables investigated included age, race, sex, body mass index
(BMI), atopy, rhinitis, percent of REM sleep, TST, and TST in supine
position. The BMI percentile was used, which was calculated as the
percentile of BMI distribution for age and gender, based on Center for
Disease Control and Prevention criteria.18

Statistical Analysis
Data were analyzed using the software SAS Version 9.3 or later

(SAS Institute, Inc., Cary, NC). Exploratory data analysis on main
variables were performed for the entire study population, as well as
stratified according to OSA and rhinitis status. OAHI and other
respiratory parameters were calculated separately for REM and
NREM sleep. The effect of rhinitis and OSA severity was first de-
scribed by summary statistics (mean/SD) for each combination of
levels. For pairwise relationships, two-sample t-test was used to
compare the mean value of the continuous outcome measures. Non-
parametric testing (i.e., Wilcoxon rank-sum) was also conducted for
variables not normally distributed (i.e., OAHI). Chi-square test was
used to compare the proportion of positive signals for binary out-
comes. Multivariable linear regression model was built to study the
joint effect of rhinitis and REM OAHI with control of possible con-
founders such as gender, age, BMI, atopy, and asthma. Significance
was taken at the p � 0.05 level.

RESULTS

Study Population
One hundred forty-five children and young adolescents (2–13

years) were included in this study. Of the 262 subjects identified from
the database with OSA, 117 were excluded because of craniofacial
abnormalities or dysmorphic genetic syndromes (n � 49), cardiore-
spiratory conditions (n � 33), neuromuscular disease (n � 32), and
incomplete clinical or polysomnographic records (n � 3). The total
study population (n � 145) was subdivided into one group with OSA
and rhinitis (n � 63) and another group with OSA alone (n � 82).
Comparison of demographic, anthropometric, and baseline sleep
study variables in these two groups revealed no significant differ-
ences (Table 1).

Rhinitis Is a Common Comorbidity in Children
with OSA

Rhinitis was present in 43% (n � 63) of children with OSA, indi-
cating that daytime nasal symptomatology is highly prevalent in this
population. This prevalence is significantly higher than what has been
reported in the same age group in the general population.15 Interest-
ingly, OSA severity was unaffected by the presence of rhinitis in
children with OSA. As illustrated in Table 1, the OAHI, which is a
PSG parameter of OSA severity, was not impacted by the diagnosis of
rhinitis in the group of children with mild OSA (2.65/hr OSA alone
versus 2.58/hr OSA � rhinitis; p � 0.73) or in those with moderate/
severe OSA (18/hr OSA alone versus 20/hr OSA � rhinitis; p � 0.65).
Moreover, oxygen saturation (SaO2) parameters obtained during
wake, and REM and NREM sleep in children with rhinitis and OSA
were not significantly different relative to those in children with OSA
alone (Table 2). Taken together, these results indicate that almost
one-half of the children with OSA have associated rhinitis but that
this comorbidity does not impact OSA severity or nocturnal hypox-
emia in children with OSA.

Children with Rhinitis Have More OSA Events
during REM Sleep

REM sleep stage is characterized by marked nasal congestion.12,13

Accordingly, we next addressed the hypothesis that children with
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rhinitis have more REM-related OSA. To this end, we compared the
OAHI value during REM and NREM in the group of children with
rhinitis and OSA with that seen in individuals with OSA alone. Figure
1 A shows that children with rhinitis and moderate–severe OSA had
significantly elevated absolute OAHI value during REM sleep (mean
REM OAHI � 44.1/hr; SE � 6.4 event/hr) compared with children
with OSA alone (mean REM OAHI � 28.2/hr; SE � 3.8 events/hr;
p � 0.04). There were no significant differences in the NREM-related
OAHI between children with asthma and moderate–severe OSA
(mean NREM OAHI � 15.4/hr; SE � 2.5) and individuals with OSA
alone (mean NREM OAHI � 16.2/hr; SE � 3.2; p � 0.8). The OAHI
mean value during REM or NREM was not significantly different in
children with mild OSA with or without rhinitis (data not shown).
These results show that children with rhinitis and moderate–severe
OSA have a distinct phenotype characterized by OSA clustered dur-
ing REM sleep compared with those with OSA alone.

The Association between Rhinitis and REM-Related
OSA Is Independent of Atopy, Gender, Age, BMI,
and Ethnicity

REM-related OSA has been linked to younger age, female gender,
and obesity.19–21 In addition, allergic status is a covariable associated
with increased risk for rhinitis and sleep breathing disorders in chil-
dren.22 Accordingly, we built a multivariable linear regression model
to assess the confounder effect of atopy, obesity, age, gender, and

ethnicity in the relationship between rhinitis and REM-related breath-
ing abnormalities (Table 3). After adjusting for covariables we found
that the effect of rhinitis in REM-related OSA (REM OAHI) is inde-
pendent of BMI, age, gender, ethnicity, and atopy (adjusted p �
0.026). The latter results indicate that the link between rhinitis and
upper airway obstruction during REM sleep in children with OSA is
present regardless of atopic status (i.e., allergic and nonallergic rhini-
tis) and that it is not significantly influenced by demographic and
anthropometric parameters.

Asthma but Not Rhinitis Is Linked to More
REM-Related Hypoxemia in Children with OSA

We have recently indicated that REM sleep modulates the pheno-
typical expression of OSA in children with asthma.11 Asthma and
rhinitis are two airway conditions that often coexist in children. To
evaluate the concomitant effect of REM sleep in upper and lower
airway disease, we built a multivariable linear regression model with
asthma and rhinitis as joint predictors for the maximal percentage of
SaO2 desaturation during REM sleep (Table 4). Our data showed that
asthma, but not rhinitis, is associated with higher levels of maximal
SaO2 desaturation during REM sleep relative to those children with
OSA alone (Table 4). These data suggest that children with rhinitis
and OSA appear to have more REM-related upper airway obstruction
(REM OAHI), and that those with asthma and OSA tend to have more
REM-related hypoxemia. The latter data implicate that REM sleep

Table 1 Demographic and polysomnographic profile of subjects

Factors/Variables Total
(n � 145)

OSA only
(n � 82, 57%)

OSA with Rhinitis
(n � 63, 43%)

p Value

Demographic variables
Gender 0.57

Female 55 (38%) 34 (41%) 21 (33%)
Male 90 (62%) 48 (59%) 42 (67%)

Age, mean (SD) 6.26 (3.1) 6.14 (3.1) 6.4 (3.0) 0.61
Ethnicity 0.95

White 96 (62%) 55 (67%) 41 (65%)
Other 49 (37%) 27 (33%) 22 (35%)

BMI, mean (SD) 20.4 (6.3) 20.5 (6.3) 20.1 (6.5) 0.71
Sleep study parameters

OSA severity
Mean (SD) OAHI (mild) 2.62 (0.9) 2.65 (0.9) 2.58 (0.9) 0.70
Mean (SD) OAHI (moderate–severe) 18.8 (16.6) 18.04 (19) 20 (12.6) 0.61

TST, mean (SD) 518.6 (53) 515.7 (54) 522.6 (53) 0.50
TST supine, %; mean (SD) 41.0 (18.5) 44.6 (20.5) 38.8 (17) 0.24
REM (%), mean (SD) 19.6 (4.2) 19 (6) 20.1 (3.3) 0.38

For quantitative variables, data are presented as mean � SD. For categorical variables, data are presented as count number (column percentage). The p values
are obtained by either two-sample t test, or chi -square test, depending on the type of variables. Nonparametric testing (i.e., Wilcoxon rank-sum) was also
conducted for variables not normally distributed (i.e., OAHI).
BMI � body mass index; REM � rapid eye movement; OAHI � obstructive apnea–hypopnea index; OSA � obstructive sleep apnea; TST � total sleep time.

Table 2 Effect of rhinitis on nocturnal oxygenation in pediatric OSA

Nocturnal Oxygenation Parameters OSA Only
(n � 82, 57%)

OSA with Rhinitis
(n � 63, 43%)

p Value

Maximum % REM SAO2 desaturation mean (SD) 9.6 (5.2) 11 (7) 0.16
Maximum % NREM SAO2 desaturation mean (SD) 8.12 (4.6) 9.34 (5.6) 0.15
SaO2 (wake) mean (SD) 97.5 (1.0) 97 (1.1) 0.18
SaO2 (REM, average) mean (SD) 96.4 (1.3) 96 (1.8) 0.20
SaO2 (NREM, average) mean (SD) 96.4 (1.3) 96.3 (1.1) 0.90

Data are presented as mean � SD. The p values are obtained by two-sample student t-test.
SaO2 � saturation of oxygen; REM � rapid eye movement; NREM � nonrapid eye movement; OSA � obstructive sleep apnea.
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modulates the nocturnal phenotypical expression of airway disorders
in children via sleep-related mechanisms that affect upper and lower
airway function.

DISCUSSION
The most important findings of the current study are that (1)

rhinitis is a condition highly prevalent (43%) in children with OSA

but it is not associated with more severe OSA and (2) children with
rhinitis have more REM-related upper airway obstruction indepen-
dently of confounding factors. Collectively, our current data provide
new evidence supporting the link between rhinitis and OSA in chil-
dren and present novel insights into the potential role of REM sleep
in the pathogenesis of nocturnal nasal congestion in children with
OSA and rhinitis.

There is clear evidence supporting the association between OSA
and rhinitis in adults. The Wisconsin Sleep Study, a prospective
population study of 1032 healthy volunteers, showed a threefold
increased incidence of snoring and daytime sleepiness in volunteers
with self-reported nocturnal nasal congestion.23 More recently, a re-
cent large retrospective longitudinal cohort study (446,480 electronic
medical records) identified that adults with chronic rhinitis have a
higher premorbid prevalence of sleep apnea (p � 0.001).9 Another
large study (524 subjects mean � SD; aged 51 � 12 years) established
that nasal symptoms are highly prevalent in subjects with PSG-
confirmed diagnosis of OSA: 54% had nasal stuffiness and 33% re-
ported sneezing.24 Interestingly, despite the fact that rhinitis and OSA
are very common in children,10 a recent systematic review of existing
literature over the last 25 years identified only 18 articles on the
association between these two conditions in the pediatric popula-
tion.10 Only six studies (33%) included cases with OSA confirmed by
overnight PSG, the gold standard for this disorder in children.2,3

Moreover, 33% of the articles did not identify a statistically significant
association between rhinitis and sleep-breathing disorders in chil-
dren.10 This lack of evidence contrasts with the prevalent notion that
OSA is associated with nasal inflammatory changes.5,6 In support of
the link between nasal inflammation and OSA in children, our data
identified a high prevalence of rhinitis in children with overnight
PSG-confirmed OSA (43%), which is similar to what has been previ-
ously described in adult studies.24

The presence of rhinitis did not correlate with OSA severity accord-
ing to standard PSG parameters (OAHI and OSA-related SaO2 de-
saturation) in our retrospective pediatric cohort. These findings are in
general agreement with prior data reported in adults. Lofaso et al.
showed that although increased nasal resistance, quantified by rhi-
nomanometry during wake state, is an independent predictor of OSA
in adults, it only accounts for 2.3% of the total AHI variance.25 The
dissociation of the diagnosis of OSA and AHI severity (determined by
total events occurring in REM � NREM) presented by Lofaso25 may
be caused by different levels of nasal congestion occurring in REM
sleep versus NREM sleep. Given that REM is only a small portion of
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Figure 1. REM OAHI and NREM OAHI by rhinitis
status in children with moderate–severe OSA. Data
are presented as mean and 95% confidence interval
(CI). REM, rapid eye movement; NREM, nonrapid
eye movement; OAHI, obstructive apnea–hypopnea
index (p values obtained by two-sample student t-test
or nonparametric testing [i.e., Wilcoxon rank-sum]
were appropriate).

Table 3 Multivariable regression analysis results for the
association between rhinitis and REM OAHI adjusted by
covariables

Multivariable Regression Analysis for REM OAHI

Predictors Parameter Estimate SE p Value

Rhinitis 21.34968 9.25333 0.0264*
Atopy �8.45994 11.28159 0.4578
Age, yr 1.38581 0.76639 0.0783
Gender �4.30210 9.15471 0.6410
BMI, kg/m2 �2.03108 1.90155 0.2920
Ethnicity 5.94054 4.15890 0.1611

Data are presented as parameter estimate, standard error (SE). Adjusted p
values are obtained by multiple linear regression. *p � 0.05.
BMI � body mass index; REM � rapid eye movement; OAHI � obstructive
apnea–hypopnea index.

Table 4 Multivariable regression analysis results for the joint
association between asthma, rhinitis, and REM-related hypoxemia

Multivariable Regression Analysis for Maximal % REM SaO2

Desaturation

Predictors Parameter Estimate SE p Value

Asthma 2.61772 1.22274 0.0366*
Rhinitis 3.00686 1.78274 0.0971

Data are presented as parameter estimate, standard error (SE). Adjusted p
values are obtained by multiple linear regression. *p � 0.05.
REM � rapid eye movement; SaO2 desaturation: oxygen desaturation
during REM.
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the night (around 20%) breathing abnormalities during REM may not
necessarily correlate with the overall AHI severity score (which in-
cludes NREM that represents 80% of the night). Indeed, other adult
studies have failed to establish a relationship between daytime nasal
resistance and AHI determined by PSG.26,27 In contrast, the evaluation
of daytime nasal dimensions and airflow resistance by acoustic rhi-
nometry and rhinomanometry can discriminate habitual snorers from
nonsnoring individuals.28 Collectively, these data suggest that al-
though rhinitis is associated with increased daytime nasal resistance
and snoring, nasal inflammation/congestion maybe linked to OSA by
additional sleep-related mechanisms. A possible explanation to this
phenomenon might be found in the modulatory effect of sleep stages
in nocturnal nasal obstruction.12,13 This concept was initially explored
by Morris et al.,12 who determined that REM sleep is characterized by
marked nasal congestion followed by profound decongestion during
NREM sleep, as measured by serial acoustic rhinometry before sleep
and during REM and NREM sleep.12 More recently, Kimura et al.
reported periodic cycles of nasal vascular engorgement linked to
alternate nasal obstruction (so-called “nasal cycles”) clustering pri-
marily around REM sleep and never occurring during NREM slow-
wave sleep.13 Based on these observations, we hypothesized that
children with rhinitis and OSA have more REM-related upper airway
obstruction likely because of nasal congestion. Our data indicated that
children with OSA and rhinitis have clustering of OSA events around
REM sleep, although these events did not lead to more severe REM-
related hypoxemia unless asthma was also present (Table 4). Indeed,
we have recently described that REM sleep modulates the phenotyp-
ical expression of OSA in children with asthma11; however, that
investigation did not analyze the joint effect of upper and lower
airway disease (rhinitis and asthma) in children with OSA. In con-
trast, our current study identified that children with rhinitis and OSA
tend to have more REM-related upper airway obstruction (REM
OAHI) and those with asthma and OSA seem to have more REM-
related hypoxemia (Table 4), indicating that REM sleep influences
upper and lower airway disorders in children. Additional statistical
analysis also established that the link between REM OSA and rhinitis
was independent of covariables such as obesity, age, and gender that
have been previously described to enhance OSA clustering during
REM sleep,19–21 and allergic status, which is an important factor in the
pathophysiology of rhinitis and sleep-breathing disorders in chil-
dren.22

The impact of our current study in the field is that it underscores
the interplay between clinical rhinitis, nasal congestion, and OSA in
children. This clinical association may have some therapeutic impli-
cations. Some treatments for rhinitis such as nasal corticosteroids and
leukotriene blockers are already recommended for the treatment of
mild OSA in children,29–31 but additional therapies for allergic rhinitis
(i.e., immunotherapy) are still to be evaluated in the context of pedi-
atric OSA. Moreover, additional studies are needed to establish the
potential beneficial effect of rhinitis therapy in the subgroup of chil-
dren with REM-related breathing abnormalities. In terms of the lim-
itations of our study, it is worth mentioning that the cross-sectional
design prevented any type of cause–effect conclusion between rhinitis
and OSA. Additional limitations include those that pertain to any
retrospective analysis such as selection bias and misclassification of
disease (information bias) resulting from inaccurate documentation in
medical records. In our case this is particularly applicable to the
retrospective determination of rhinitis and atopy, which may have
been underestimated. On the other hand, the strengths of our study
are the relatively large sample size and the use of objective data (PSG
scoring and individual signal processing) to evaluate OSA variables.
It should be noted that although we used multivariable regression
analysis to identify associations with REM OAHI, the sample size
may have not been large enough to identify risk factors with any
certainty.

In summary, we feel that enough evidence is presented to link
rhinitis and OSA in children, particularly in the context of upper

airway obstruction clustered during REM sleep. Additional research
is needed to delineate the biological link between REM sleep and the
physiology of the nose during health and disease. New knowledge in
this area may allow the discovery of mechanistic pathways that
connect nasal inflammation and congestion with sleep biology, which
in turn, may result in novel strategies for the treatment of pediatric
OSA and nocturnal symptoms of rhinitis in children.
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