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Study Objectives: Several studies have suggested that rhinitis contributes to the pathogenesis of obstructive sleep apnea (OSA). We aimed to investigate
the prevalence and influence of allergic rhinitis (AR) and non-allergic rhinitis (NAR) on severity of OSA.

Methods: Two hundred forty patients with OSA confirmed by standardized polysomnography were assessed for presence of AR and NAR, using validated
questionnaires and skin prick tests. Data comparison was carried out by using chi-square test, analysis of variance, and least significant difference test.
Associations between severity of OSA and rhinitis, age, sex, and body mass index were assessed with ordinal logistic regression analysis.

Results: The prevalence of AR and NAR among patients with OSA was 27.1% and 28.7%, respectively, with no significant differences in the severity

of rhinitis. Ordinal logistic regression analysis showed AR and NAR were not the risk factors for severity of OSA. There were significant differences of
polysomnography parameters in sleep efficiency (79.7 £ 2.0 versus 85.2 + 1.4 between AR and NAR; 79.7 £ 2.0 versus 87.2 + 1.4 between AR and
no-rhinitis) and arousal index (36.8 + 4.1 versus 24.7 + 3.5 between AR and no-rhinitis). Patients with NAR had lower average arterial oxygen saturation
(91.9 £ 0.6 versus 94.0 * 0.6) and minimal arterial oxygen saturation (70.6 + 1.7 versus 77.3 + 1.8), compared with subjects categorized as no-rhinitis.
Conclusions: This study suggests that despite a comparatively high prevalence in patients with OSA, the presence or severity of AR or NAR does not
influence the severity of OSA; however, rhinitis may significantly disturb sleep in patients with OSA.
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INTRODUCTION

Sleep deprivation has been shown to adversely affect health-re-
lated quality of life." Sleep-disordered breathing, a major cause
of sleep deprivation, represents a large spectrum of abnormal
conditions during sleep, ranging from simple or primary snor-
ing to obstructive sleep apnea (OSA). OSA is characterized by
repetitive obstruction of the upper airway often resulting in
oxygen desaturation and arousals from sleep** that affects ap-
proximately 13% of men and 6% of women among age 30 to
70 years.* Patients with OSA often complain of restless sleep,
nocturnal enuresis, excessive daytime somnolence, irritabil-
ity, fatigue, and poor concentration.* Risk factors in adults
include aging, obesity, male sex, alcohol, menopause, cranio-
facial dysmorphia, increased pharyngeal soft tissue and nasal
obstruction.*>* OSA has been shown to be associated with
metabolic dysregulation and cardiovascular sequelae—such as
diabetes mellitus, hypertension, congestive heart failure, and
stroke’—and some studies have suggested that OSA may de-
velop in patients with rhinitis experiencing frequent snoring
followed by apneas.”®

Rhinitis has been classified as allergic rhinitis (AR) or
non-allergic rhinitis (NAR) based on a positive skin prick test
(SPT) or presence of serum-specific immunoglobulin E. AR is

BRIEF SUMMARY

Current Knowledge/Study Rationale: Several studies have
suggested that rhinitis contributes to the pathogenesis of obstructive
sleep apnea. However, to date, few studies have investigated the
prevalence of AR and NAR in patients with OSA.

Study Impact: The presence or severity of AR or NAR does not
influence the severity of OSA; however, rhinitis may significantly
disturb sleep in patients with OSA. As rhinitis may lead to significant
changes in sleep patterns in patients with OSA, AR and NAR may be
considered as symptoms potentiating, rather than risk-potentiating
factors in the pathophysiology of OSA.

a common upper airway disease affecting 10% to 20% of the
world’s population.” The severity of AR is partly classified on
the basis of its effect on sleep impairment'®; patients with AR
and nasal congestion are reported to be 1.8 times more likely
to suffer from moderate to severe sleep-disordered breathing
compared to patients without nasal congestion due to allergy."
Indeed, one earlier study has suggested that in patients with
seasonal AR, obstructive apneas may be longer and more fre-
quent during a period of symptomatic nasal obstruction than
when symptoms are absent.!”> Compared to AR, the associa-
tion between NAR, which affects more than 200 million in the
world," and sleep-disordered breathing is less well established.
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However, some evidence suggests that patients with non-aller-
gic rhinitis with eosinophilia syndrome (NARES) may suffer
from more severe OSA, compared with patients without rhi-
nitis." Furthermore, OSA may be more common in patients
with NAR than AR." It has been reported that chronic nasal
inflammation, such as NARES, might activate and augment
neuronal reflex branches, like the so-called nasal-pulmonary
reflex, causing alveolar hypoventilation, which resulted in an
increase in hypopnea index.'*!6

To date, comparatively few studies have investigated the
prevalence of AR and NAR in patients with OSA. Thus, we
tested the hypothesis that the prevalence of AR and NAR was
significantly higher in patients with OSA and associated with
the severity of OSA.

METHODS

Sample Size

Power Analysis and Sample Size (PASS) software (version 11,
NCSS Statistical Software, Utah, United States) was used to
calculate the number of enrolled patients with OSA in this sur-
vey, using an estimated prevalence of AR equal to 30% based
on the prevalence of two previous epidemiological studies of
individuals with OSA.""® As a result, the sample size of 226
produced a two-sided 90% confidence interval with a width
equal to 0.1, when the sample proportion was 0.3. However, in
order to reduce the probability of type 2 errors, more than 226
patients with OSA were expected to be enrolled in this study.

Patients

Subjects aged 18 years or older referred to the sleep monitoring
center of the ear, nose, and throat department of Beijing Ton-
gRen Hospital from January 2010 to October 2011 for snoring
and sleep apnea complaints were assessed for a diagnosis of
OSA using polysomnography (PSG). Overall, 240 consecutive
patients were found to be eligible and recruited to the study.
The diagnosis and severity of OSA was defined according to
the apnea-hypopnea index (AHI). Presence of OSA was de-
fined as AHI > 5 events/h; mild OSA, AHI = 5-15 events/h;
moderate OSA, AHI = 16-30 events/h; severe OSA, AHI > 30
events/h."” Pregnant and nursing mothers were excluded, as
were females planning to become pregnant in the near future.
Similarly, patients with confirmed sinus diseases (such as nasal
polyp, chronic sinusitis history, and deviation of nasal septum
that seriously affects the ventilation status of the nasal cavity)
and those with a history of nasal endoscopic surgery were ex-
cluded. Patients with OSA with any other limitations (eg, men-
tal abnormality, hypophrenia, dyslexia, illiteracy) that might
affect their ability to participate in the project were excluded.

Study Design

Eligible patients with OSA were examined by endoscopy and
divided into three patient groups: AR, NAR, or no-rhinitis;
based on skin prick test (SPT) results and the patients’ responses
to simple questionnaires comprising several questions regard-
ing nasal symptoms, duration, and severity. These question-
naires were adapted from the well-documented and validated
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questionnaires used in the International Study of Asthma and
Allergies in Childhood and the European Community Respira-
tory Health Survey studies, as we have described previously.?
Furthermore, the criteria used to diagnose AR were consis-
tent with those of the ARIA (Allergic Rhinitis and Its Impact
on Asthma) guidelines,' and included a history of the typi-
cal symptoms of rhinorrhea, nasal congestion, sneezing, and/
or nasal itching during the past 12 months concomitantly with
positive SPT to at least one acroallergen. NAR was diagnosed
similarly based on the history of symptoms, but with a negative
SPT, whereas “no-rhinitis” was classified on the basis of the
absence of any of these characteristic symptoms. The severity
of both AR and NAR was further classified into four subtypes:
mild intermittent, mild persistent, moderate-severe intermit-
tent, and moderate-severe persistent, depending on the sever-
ity of symptoms and quality-of-life outcomes and self-reported
duration of symptoms.*!

The study was approved by the Ethics Review Committee
of Beijing TongRen Hospital and all patients provided written
informed consent prior to enrolment in the study.

Skin Prick Tests

All eligible participants with OSA were instructed to abstain
from taking any antihistamines for at least 72 hours before the
examination. SPTs were performed using the Allergopharma
system (Allergopharma, Reinbeck, Germany) using a panel of
20 standardized allergen extracts (100,000 BU for Phazet and
10 HEP for Soluprick) comprising two seasonal and perennial
subgroups. The seasonal panel consisted of extracts of two tree
mixtures (tree I, tree II), cereals, mugwort, dandelion, rag-
weed, chenopodium album, humulus, Black locust, pine, and
English plantain, and the perennial panel extracts of mixed an-
imal hair, Blattella germanica, two mites (Dermatophagoides
pteronyssinus and Dermatophagoides farinae), and five fungi
(Curvularia lunata, Candida albicans, Penicillium notatum,
Alternaria tenuis, and Aspergillus fumigatus). A positive (10
mg/mL histamine) and a negative (saline) control were also
included.

The allergen extracts were applied 20 mm apart on the volar
side of the forearm in a straight line from approximately 10 cm
above the wrist and gently pricked into the skin. The skin reac-
tion toward each allergen was observed after 15 minutes and
the size of the reaction evaluated by tracing and measuring the
perimeter of the wheal developed in response to any specific
allergen. The largest and the smallest diameters (at the widest
point and at the midpoint at 90°) of each wheal were measured
and calculated as the mean wheal diameter. SPT reactivity was
expressed as the mean allergen to histamine wheal ratio, and
graded from 1+ to 4+ Thus, an allergen to histamine wheal
ratio > 0.5 for a positive SPT to an allergen was defined as a
grade 2+ reaction.

Polysomnography and Related Demographic
Information

Complete PSG was performed overnight in the sleep monitor
center of Beijing TongRen Hospital, using the Alice 4 device
(Healthdyne, Atlanta, Georgia, United States). Sleep and re-
spiratory events were scored in each patient according to the
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Table 1—Demographic characteristics and OSA severity.

Sex
Male 217 (90.4)
Female 23 (9.6)
Age (years)
18-27 25(10.4)
28-37 60 (25.0)
38-47 77 (32.1)
48-57 45 (18.8)
58-70 33(13.8)
OSA Severity
Mild (AHI 5-15) 59 (24.6)
Moderate (AHI 16-30) 76 (31.7)
Severe (AHI > 30) 105 (43.7)

Values are presented as n (%). AHI = apnea-hypopnea index,
OSA = obstructive sleep apnea.

principles and standard criteria of the American Academy
of Sleep Medicine.”? Physiologic signals monitored included
electroencephalograms (C3/A2, C4/Al), bilateral -electro-
oculograms, bipolar submental and tibialis anterior elec-
tromyograms, electrocardiograms, thoracic and abdominal
movements, oronasal airflow (recorded by both a nasal pres-
sure transducer and a thermal sensor) and arterial oxygen satu-
ration. Demographic data, including age, sex, and body mass
index (BMI; calculated as body weight [kg] divided by squared
height [m?]) were recorded and the patients were classified into
three categories according to their BMI values: normal weight
(BMI < 25 kg/m?), overweight (25 < BMI < 29 kg/m?), and
obese (BMI > 30 kg/m?).> The PSG parameters were as fol-
lows: AHI; total sleep time; minimal arterial oxygen satura-
tion (minimal Sa0,); average arterial oxygen saturation during
sleep (average Sa0,); time spent with an oxygen saturation
below 90% (time of SaO, < 90%); sleep efficiency (%), oxy-
gen desaturation index; arousal index; REM sleep time; stage
1 sleep time (S1); stage 2 sleep time (S2); stage delta sleep time
(delta). Furthermore, apnea was defined as > 90% reduction
in airflow for more than 10 seconds whereas hypopnea was
defined as > 50% decrease in airflow for more than 10 seconds
or < 50% decrease, but with 4% decrease in oxygen saturation.

Statistical Analysis

Statistical analyses were conducted using the SPSS 17.0 soft-
ware for Windows (SPSS Inc., Chicago, Illinois, United States).
Continuous study variables were expressed as mean =+ stan-
dard error. Proportions between groups were tested using the
chi-square test (y*). Comparison among the three groups was
carried out using one-way analysis of variance for normally
distributed variables, in which the multiple comparisons were
analyzed by employing least significant difference (LSD) post
hoc test. The ordinal logistic regression was performed to as-
sess the relationship of the severity of OSA with the potential
risk factors such as age, sex, BMI, and the diagnosis of rhinitis.
All tests were based on two-tailed tests using a significance
level of P <.05.

Table 2—The prevalence of AR or NAR in patients with
different severity of OSA.

OSA Severity AR NAR No-Rhinitis
Mild 18 (7.5) 13 (5.4) 28 (11.7)
Moderate 15 (6.3) 26 (10.8) 35 (14.6)
Severe 32(13.3) 30 (12.5) 43 (17.9)

Total 65 (27.1) 69 (28.7) 106 (44.2)

Total P value .357

P value (mild versus moderate) 192

P value (mild versus severe) 611

P value (moderate versus severe) .262

Values are presented as n (%). AR = allergic rhinitis, NAR = non-allergic
rhinitis, OSA = obstructive sleep apnea.

RESULTS

Demographic Characteristics and Grading

Overall, 240 patients with OSA were recruited to the study;
217 (90.4%) were male and 23 (9.6%) female (Table 1). Ap-
proximately one-third of participants (32.1%) were between 38
and 47 years of age, and one-fourth (25%) between 28 and 37
years of age. Furthermore, nearly 75% of the patients received
a diagnosis of moderate to severe OSA.

Prevalence of AR, NAR, and No-Rhinitis in Patients
With OSA

One hundred thirty-four of the 240 patients with OSA received
a diagnosis of rhinitis; 65 (27.1%) had AR and 69 had NAR. The
remaining 106 patients (44.2%) did not show any symptoms
of rhinitis. Moreover, 7.5% and 5.4% of patients with AR and
NAR, respectively, demonstrated mild OSA severity, whereas
13.3% and 12.5% of patients with AR and NAR, respectively,
demonstrated high OSA severity. Statistical analysis showed
that there were nonsignificant differences in various OSA se-
verity (total P = .357) with respect to the proportion of AR,
NAR, and no-rhinitis (Table 2).

Subdivision of Rhinitis in Patients With OSA

Table 3 shows the prevalence of mild and moderate-severe in-
termittent or persistent rhinitis in patients with different OSA
severity. Analysis using the chi-square test demonstrated that
the proportions of patients with different rhinitis subtypes in
the three OSA subgroups were significantly different (P =.049).
However, further analysis demonstrated that the proportions of
patients with different rhinitis subtypes were not significantly
different in patients with mild OSA compared to patients with
moderate OSA (P = .311) or compared to patients with severe
OSA (P =.022); or between patients with moderate and severe
OSA (P =.228).

BMI and PSG Parameters in Patients With OSA and
Differential Diagnosis of Rhinitis

Table 4 shows the results for BMI and the PSG parameters
assessed. The BMI values were not significantly different

Journal of Clinical Sleep Medicine, Vol. 13, No. 8, 2017



M Zheng, X Wang, S Ge, et al. Rhinitis and OSA

Table 3—The prevalence of mild and moderate-severe intermittent or persistent rhinitis in patients with different OSA severity.

OSA Severity MI MSI MP MSP
Mild 12 (38.7) 7(22.6) 5(16.1) 7(22.6)
Moderate 8(19.5) 12 (29.3) 11 (26.8) 10 (24.4)
Severe 8(12.9) 12 (19.4) 15 (24.2) 27 (43.5)

P Value (chi-square test)

Total Total M/Mo M/s Mo/S
31(100) 049 311 022 228
41 (100)

62 (100)

Values are presented as n (%). Data were analyzed using the chi-square test, and the Bonferroni correction was used for multiple comparisons of
OSA severities, including M/Mo, M/S and Mo/S. Thus, values of P < .05/3 (ie, P < .017) were considered statistically significant. M = mild, MI = mild
intermittent rhinitis, Mo = moderate, MP = mild persistent rhinitis, MSI = moderate-severe intermittent rhinitis, MSP = moderate-severe persistent rhinitis,

OSA = obstructive sleep apnea, S = severe.

Table 4—Comparison of body mass index and PSG parameters between patients with OSA and AR, NAR, and no-rhinitis by

analysis of variance and least significant difference test.

AR NAR
Body mass index (kg/m?) 284+0.7 26907
Minimal SaO, saturation (%) 72.7+20 706 £1.7
Average Sa0; saturation (%) 928+04 919+06
Time of Sa0; < 90% (min) 86.4+136  865+15.3
Oxygen desaturation index (events/h)  53.9+4.2 482+53
Apnea-hypopnea index (events/h) 517143 50.5+4.8
Total sleep time (min) 4314+6.7  4079+146
Sleep efficiency (%) 79720 85.2+14
Arousal index (events/h) 36.8+4.1 347145
REM sleep time (min) 828+52 732+52
Stage 1 sleep time (min) 61249 59.9+8.0
Stage 2 sleep time (min) 2608+73 24791108
Stage delta sleep time (min) 227+49 202+56
REM/TST (%) 194 +£1.0 17.7£1.0
SWS/TST (%) 5111 5014

P Value

No-Rhinitis Total AR/NAR AR/No-Rhinitis NAR/No-Rhinitis
279+0.7 .284 118 638 325
773+£18 .053 413 .09 017
94.0+0.6 .055 .245 .16 016
65.0+14.3 535 .993 319 323
45057 459 407 23 .666
46.6£54 757 .851 466 584
4064 +£12.9 207 134 13 931
872114 .005 013 .002 392
247+35 122 .06 .048 114
85.2+6.8 .299 212 733 157
63.8+6.3 .92 887 178 687
2409+ 115 .339 331 157 625
13.9+4.1 ATT 715 23 404
205+£1.3 244 418 328 .094
47+09 198 .960 271 307

Values are presented as mean + standard error. AR = allergic rhinitis, NAR = non-allergic rhinitis, OSA = obstructive sleep apnea, REM/TST = ratio of REM
sleep time to total sleep time, SWS/TST = ratio of slow wave sleep time (stage delta sleep time) to total sleep time, Time of SaO, < 90% = time spent with

an oxygen saturation below 90%.

between patients with OSA with or without a diagnosis of rhi-
nitis. Comparison of PSG parameters among the three groups
of patients with OSA demonstrated that although total sleep
time was similar for all three groups, the quality of sleep was
more disrupted in patients with AR, as evidenced by signifi-
cantly lower sleep efficiency in patients with AR compared to
patients with NAR (79.7 + 2.0 versus 85.2 + 1.4, P = .013) and
patients categorized as no-rhinitis (79.7 + 2.0 versus 87.2 + 1.4,
P = .002). Similarly, the results of the LSD test also showed
that the arousal index in patients with AR was significantly
higher compared to those categorized as no-rhinitis (36.8 + 4.1
versus 24.7 + 3.5, P = .048), but not compared to patients with
NAR. In contrast, according to the LSD tests, oxygen satura-
tion was significantly lower in patients with NAR compared
to those categorized as no-rhinitis, as evidenced by both the
average Sa0, saturation (91.9 + 0.6 versus 94.0 £ 0.6, P =.016)
and the minimal SaO, saturation (70.6 + 1.7 versus 77.3 + 1.8,
P = .017). No significant differences were observed between
the three groups for REM sleep and various stages of slow
wave sleep, respiratory events, or the mean AHI value.
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Ordinal Logistic Regression Analysis

Ordinal logistic regression analysis of potential risk factors
associated with the severity of OSA showed that there was a
significant relationship between the increase in BMI category
and severity of OSA. Using the normal weight as the refer-
ence, obese and overweight significantly increased the risk of
having more severe OSA (odds ratio [OR] = 4.11, 95% confi-
dence interval = 1.08-15.63; OR = 3.46, 95% confidence in-
terval = 1.15-10.37, respectively). In contrast, no significant
association was demonstrated between the severity of OSA
and age, sex, or the presence of rhinitis (Table 5).

Characteristic of Positive Aeroallergens in Patients
With AR and OSA

Among the 65 patients with AR and OSA, 32 (13.3%) were
present in severe OSA group, 19 (7.9%) in the moderate sever-
ity group, and 14 (5.8%) in the mild severity group. Based on
the sensitization to seasonal and perennial aeroallergens, the
65 patients with AR were divided into subgroups with three
sensitization patterns: 14 patients (21.5%) sensitized to only

962
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Table 5—Ordinal logistic regression models of potential
risk factors associated with severity of OSA.

Risk Factor OR 95% CI P Value
Age 1.02 0.80-1.79 .384
Sex

Male 0.99 0.15-6.35 992

Female (ref.) 1.00 - -
BMI category

Obese 411 1.08-15.63 .038

Overweight 3.46 1.15-10.37 027

Normal weight (ref.) 1.00 - -
Diagnosis of rhinitis

AR 1.46 0.46-4.74 529

NAR 1.08 0.33-3.54 897

No-rhinitis (ref.) 1.00 - -

AR = allergic rhinitis, BMI = body mass index, Cl = confidence intervals,
NAR = non-allergic rhinitis, OR = odds ratio, OSA = obstructive sleep
apnea, ref. = reference.

seasonal allergens, 19 patients (29.2%) sensitized to both sea-
sonal and perennial allergens, and 32 patients (49.2%) sensi-
tized to only perennial allergens. Assessment of the number of
patients with a particular sensitization pattern with OSA sever-
ity demonstrated that the largest number of patients from each
sensitization group were present in the group with severe OSA;
with 14 patients (21.5%) sensitized to perennial allergens com-
prising the largest group (Figure 1). In contrast, patients with
mild OSA comprised the smallest number of patients among
each sensitization group.

DISCUSSION

Using validated questionnaires, SPT, and PSG, we identified
higher prevalence of AR (27.1%) and NAR (28.1%) among pa-
tients with OSA, than overall prevalence of AR and NAR at
17.6% and 16.4%, respectively, in the general population sur-
veyed in 18 major cities of China.?* Currently, rhinitis has been
identified as a potential risk factor in sleep-disordered breath-
ing, including OSA.* Several studies have focused on the po-
tential immunologic association between sleep disruption and
AR. One study in a group of four allergic and four non-allergic
subjects demonstrated that the serum proallergic cytokines
(IL-1B, IL-4, and IL-10) were higher in allergic subjects, and
correlated with increased latency to the onset of REM sleep
and shorter time of REM sleep,?® suggesting that allergic sub-
jects may be more prone to drowsiness or insomnia than non-
allergic subjects. Moreover, recent studies have reported that
the Th17/Treg ratio in peripheral blood is upregulated in chil-
dren with OSA and AR to a greater extent than in children
without AR, suggesting that AR could possibly promote the
development of OSA.?” Although the precise underlying patho-
physiological mechanisms are not currently clear, it has been
suggested that increased nasal resistance associated with AR
and NAR, which results in negative pressure in the pharynx,

Figure 1—Percentages of different positive aeroallergens
in OSA subgroups of different severity.
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OSA = obstructive sleep apnea.
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predisposes the nose to additional upper airway collapse and
exacerbates its effects during sleep because a subject is lying
in a horizontal position.?>?*3 Similarly, Jiang and colleagues®'
have reported that patients with chronic rhinosinusitis who
needed sinus surgery had a very high prevalence of OSA
(64.7%), although there was no correlation with the severity of
rhinosinusitis. Indeed, Blakley and colleagues have shown that
nasal resistance in patients with OSA is higher than in control
subjects.” The finding that habitual snoring in children is as-
sociated with the number of rhinitis symptoms and a previous
diagnosis of rhinitis and allergic sensitization®*-** suggests that
rhinitis symptoms other than nasal obstruction also are likely
to play a role in the pathogenesis of sleep-disordered breathing.

To our knowledge, the current study is the first epidemio-
logical survey to determine the prevalence of AR and NAR
in patients with OSA. However, the findings of the current
study are somewhat limited because the actual differences
in the prevalence of AR and NAR in patients with OSA was
not directly compared to that of controls without OSA, but to
that of historical controls. Thus, it is possible that a lack of
controls without OSA in this study could potentially have un-
derestimated the prevalence and role of both AR and NAR in
the pathogenesis of OSA. Despite this limitation the findings
from the current study still provide useful information in the
context of other studies in this field of investigation. One study
by Canova and colleagues® reported a prevalence of 11% pe-
rennial AR in patients with OSA. Furthermore, more patients
with OSA were sensitized to perennial allergens; particularly
to house dust mite (23.6 versus 4.5%) and dog dander (18.0
versus 4.5%); than patients with COPD. Among the 65 pa-
tients with OSA and AR investigated in the present study, 32
(49.2%) showed SPT positivity to only perennial allergens and
19 (29.2%) to both seasonal and perennial allergens, indicat-
ing that 21.25 % of the total study population of 240 patients
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with OSA were sensitized to perennial allergens. It is possible
that the higher sensitization to perennial allergens noted in our
study compared to that of Canova and colleagues® was a result
of our study using nine perennial allergens in the SPT to avoid
underestimating AR, compared to five perennial allergens
used by Canova and colleagues.*® A possible reason for higher
prevalence of AR among patients with OSA is that obese sub-
jects had a higher frequency of specific immunoglobulin E
positivity than nonobese subjects.*® Moreover, the sympathetic
activation in patients with OSA induced by periodic hypox-
emia could increase the release of catecholamine, which might
lead to T-helper 2 mediated allergic inflammation.*’

A recent review of the effect of AR on sleep disruption
has indicated that the degree of sleep impairment and associ-
ated symptoms appear to be directly related to the severity of
the AR.*® A similar finding was also observed in our study.
Among the 134 patients in whom rhinitis (AR and NAR) was
diagnosed, only 7 patients with mild OSA had a diagnosis of
moderate-severe persistent rhinitis, whereas 27 patients with
severe OSA had moderate-severe persistent rhinitis. However,
only 8 patients with severe OSA had mild intermittent rhinitis,
and 12 patients with mild OSA had mild intermittent rhinitis.

The subgroups of patients with OSA were not significantly
different with respect to the proportions of subjects with dif-
ferent types of rhinitis, and ordinal logistic regression analysis
showed that presence of rhinitis, age, and sex were not risk fac-
tors for severity of OSA. Although Virkkula and colleagues®
have reported increased nasal resistance to be an independent
predictor of increased AHI in nonobese individuals, this obser-
vation does not appear to be supported by several other stud-
ies using PSG in rhinitis. The Wisconsin Sleep Cohort Study
involving 911 patients showed a nonsignificant increase in the
AHI when nasal obstruction was present."! Similarly, a con-
trolled clinical trial comparing changes in sleep parameters
such as apnea index, hypopnea index, and AHI in a group of
patients with seasonal AR versus a group of healthy volunteers
undergoing two consecutive nights of PSG before and dur-
ing pollen season demonstrated minimal and nonsignificant
changes between the two groups for all parameters.*® Another
study by Koutsourelakis and colleagues* also showed that
AHI in 49 patients with OSA remained unchanged after na-
sal surgery, despite decreased nasal resistance. It is possible
that rhinitis may have a minor role in increasing upper airway
collapsibility and increased nasal congestion may contribute
to sleep disruption via increased negative intrathoracic pres-
sure swings as reflected by worse sleep efficiency detected
in this study. It is also possible that the lack of an association
between severity of OSA and rhinitis could be attributable to
the heterogeneity of OSA.* It is now recognized that there are
at least four phenotypes in the pathogenesis of OSA, includ-
ing collapsible upper airway, ineffective upper airway dilator
muscles, low respiratory arousal threshold, and unstable ven-
tilator control.*® These phenotypes are distinct among patients
with OSA and therefore, rhinitis may be a contributor to OSA
pathogenesis for patients with specific phenotypes, but not oth-
ers. Thus, a comprehensive understanding of multiple causes
of OSA should help to determine novel therapeutic targets and
to develop novel therapies accordingly.
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BMI was shown to be associated with severity of OSA in the
current study; with obese and overweight significantly increas-
ing the risk of having more severe OSA (OR = 4.11 and 3.46,
respectively). It has been widely recognized that patients with
OSA have greater body weight than the general population,
and increased body weight plays an important role in the devel-
opment of OSA. Namyslowski and colleagues** have reported
that there is a significant relationship between the increase
in BMI and sleep parameters in obese subjects. Quintas and
colleagues® have demonstrated that although 64.28% of pa-
tients with OSA and normal weight had a mild disease, 41.4%
of overweight patients had moderate OSA and 57.9% of obese
patients had severe OSA.

The current study has also demonstrated significant differ-
ences in lower sleep efficiency between AR and NAR (79.7 +2.0
versus 85.2 + 1.4) and between AR and no-rhinitis (79.7 = 2.0
versus 87.2 + 1.4). Furthermore, patients with AR had higher
arousal index compared with those categorized as no-rhinitis
(36.8 £ 4.1 versus 24.7 £+ 3.5). A previous study also noted that
patients with AR experience an approximate tenfold increase in
the number of microarousals during sleep.*® Recently, a study
investigating sleep impairment using PSG in patients with
persistent AR showed that there were statistically significant,
though clinically modest, differences between patients with
persistent AR and healthy controls in most PSG parameters,
including sleep efficiency, arousal index, average SaO,, low-
est Sa0,, time spent with a saturation below 90%, and snoring
time.”” However, AHI was similar for the two groups. Interest-
ingly, the current study has demonstrated that compared to pa-
tients with OSA and without rhinitis, patients with NAR, rather
than with AR, had significantly lower average SaO, saturation
(91.9 + 0.6 versus 94.0 + 0.6) and minimal SaO, saturation
(70.6 £ 1.7 versus 77.3 + 1.8). A possible explanation for this dif-
ference between patients with NAR and AR is that patients with
NAR had more perennial, persistent, and moderate-severe rhi-
nitis symptoms, whereas patients with AR had more seasonal,
intermittent, and mild rhinitis symptoms.”*¥ Our findings, how-
ever, are in accordance with those of Kramer and colleagues,'"
who demonstrated that patients with OSA and NARES revealed
significantly impaired PSG parameters including hypopnea in-
dex, and average and minimal SaO, saturation, compared with
patients without nasal inflammation.

CONCLUSIONS

In summary, this study suggests that despite a comparatively
high prevalence in patients with OSA, the presence or sever-
ity of AR or NAR does not appear to influence the severity of
OSA. Because rhinitis may lead to significant changes in sleep
patterns in patients with OSA, AR and NAR may be consid-
ered as symptoms potentiating, rather than risk-potentiating
factors in the pathophysiology of OSA. However, this needs to
be confirmed in further studies directly comparing prevalence
of AR and NAR in both patients with OSA and without OSA,
as suitable controls. A lack of a control group without OSA
in this study could potentially have underestimated the role of
both AR and NAR in the pathogenesis of OSA.



ABBREVIATIONS

AHI, apnea-hypopnea index

AHWR, allergen to histamine wheal ratio
AR, allergic rhinitis

BMI, body mass index

CRS, chronic rhinosinusitis

NAR, non-allergic rhinitis

NARES, non-allergic rhinitis with eosinophilia syndrome
ODI, oxygen desaturation index

OSA, obstructive sleep apnea

PSG, polysomnography

SPT, skin prick test

SWS, slow wave sleep

TST, total sleep time
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