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Abstract

Purpose Allergic rhinitis (AR) is associated with obstructive sleep apnea (OSA) and nasal obstruction causes decreased
adherence to continuous positive airway pressure (CPAP). The purpose is to evaluate the effects of antiallergic agents on
CPAP adherence and sleep quality.

Methods A longitudinal study was made of patients who use CPAP for OSA and treated with antiallergy agents for spring
pollinosis. We compared the Pittsburgh Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), nasal symptoms scores
(NSS), and data from CPAP before and after treatment. Then, we classified the subjects into two groups based on the baseline
PSQI score: one group without a decreased sleep quality (PSQI < 6) and the other group with decreased sleep quality (PSQI> 6).
Results Of 28 subjects enrolled, 13 had good sleep quality and 15 had poor sleep quality. PSQI showed significant improve-
ments after medication (p =0.046). ESS showed no significant differences after AR medication (p =0.565). Significant
improvement was observed after the prescription of antiallergy agents in all items of NSS (sneezing, p < 0.05; rhinorrhea,
p <0.01; nasal obstruction, p <0.01; QOL, p <0.01). The percentage of days with CPAP use more than 4 h increased
significantly after the administration of rhinitis medication (p =0.022). In the intragroup comparisons of PSQI>6 group,
PSQI decreased significantly (p <0.05). For the NSS in intragroup comparisons of PSQI > 6 group, all parameters showed
significant improvement (sneezing, p =0.016; rhinorrhea, p =0.005; nasal obstruction, p <0.005; QOL, p < 0.005).
Conclusion The use of antiallergy agents can improve CPAP adherence and sleep quality in patients with OSA on CPAP.
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Introduction and activation of inflammatory cells in AR causes nasal

obstruction, leading to sleep disorders followed by daytime

Allergic rhinitis (AR) is an inflammatory disease of the nasal
mucosa characterized by symptoms such as rhinorrhea and
nasal obstruction [1]. The release of inflammatory mediators
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somnolence [2, 3]. There is a correlation between the severity
of AR, especially nasal obstruction, and sleep quality [4]. Sea-
sonal AR caused by Japanese cedar pollen (JCP) is the most
common disease in Japan and has been considered a national
affliction. In recent years, the number of affected people has
increased, and the age of the disease has decreased, and it has
become known as a “national disease” [5].

AR is also associated with obstructive sleep apnea (OSA)
due to nasal breathing problems. Increased nasal airway
resistance causes upper airway obstruction during sleep,
and it has been reported that snoring and OSA in patients
with nasal breathing problems have an association not only
with AR, but also chronic hypertrophic rhinitis, nasal sep-
tal deviation, and nasal polyps [6]. OSA is an upper air-
way breathing disorder characterized by repetitive collapse
of the pharyngeal airway during sleep, leading to sleep
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fragmentation and oxygen desaturation [7]. The apneic epi-
sodes in OSA induce an increase in blood pressure, which
further exposes the patient to cardiovascular and cerebrovas-
cular risks. OSA is more common in patients with hyperten-
sion than in the general population, and many patients with
OSA may have HTN as well [8].

As for the management of OSA in the general popula-
tion, continuous positive airway pressure (CPAP) ther-
apy improves psychological and physical impairments in
patients with sleepiness, fatigue, neurocognitive impair-
ment, and depression [9]. Furthermore, it can prevent
hypertension, adverse cardiovascular events, and arryth-
mia [10]. However, nasal breathing disorders, such as AR,
nasal septal deviation, and nasal polyps, are major factors
in CPAP tolerability [11, 12]. These conditions that cause
nasal breathing problems result in poor tolerability to CPAP
due to their significantly high nasal resistance levels [13,
14]. Therefore, the use of CPAP therapy may be affected by
symptoms of AR, especially in the spring season in Japan
due to JCP. There are few reports concerning the effect of
AR with nasal congestion and obstruction on OSA [15,
16]. Nakayama et al. reported that seasonal changes are
present in Japanese children with clinically symptomatic
OSA and differ among younger (< 6 years of age) and older
(6 > years) children, with global trends toward improved
apnea hypopnea index (AHI) during summer in younger
children [15]. They suggested that nasal obstruction may
have an important role in severity of pediatric OSA. Regard-
ing adult patients with OSA who are treated with CPAP
therapy, intranasal corticosteroid therapy for AR improved
objective and subjective parameters of nasal patency after
acute exposure of the nasal cavity to positive pressure [16].
Therapy for JCP is commonly chosen based on the sever-
ity and symptoms at peak pollen dispersal and amounts of
pollen dispersal. However, the management of nasal com-
plaints, sleep quality, and CPAP adherence in OSA with
JCP remains unclear. Thus, it is worth considering the use
of antiallergy agents in JCP patients, as it may improve
CPAP adherence and sleep quality. The purpose of this
study was to elucidate the pathological changes in patients
with OSA on CPAP treated with antiallergy agents during
the JCP season.

Methods
Patients

A longitudinal study was made of patients over 20 years old
who had been receiving CPAP therapy for OSA more than
1 year and who have been treated with antiallergy agents,
such as antihistamines and/or intranasal corticosteroids,
for spring pollinosis, cedar and cypress, at the Department
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of Otorhinolaryngology, Head and Neck Surgery, Jun-
tendo University Hospital between January 2020 and May
2020. This study was approved by the ethics committee of
the Juntendo University Faculty of Medicine (E21-0231)
and was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines. The study
was approved by the Institutional Review Boards at each
trial site. Written informed consent was obtained from all
patients.

The diagnosis of AR was made based on subjective and
objective symptoms from January 2020 to March 2020
according to Japanese guidelines [5]. Nasal discharge, nasal
obstruction and sneeze, and objective symptoms were used
for subjective symptoms. An objective assessment such as
serous nasal discharge and swelling of the nasal turbinates
during an intranasal examination was made by otolaryngolo-
gists at an otolaryngology outpatient clinic. The exclusion
criteria were as follows: (1) perennial AR; (2) a history of
nasal surgery for AR; (3) sublingual immunotherapy; (4) a
history of severe lung disease; (5) neuromuscular disease;
and (6) the presence of unknown, untreated neoplasms.

For evaluation of the subjective sleep symptoms, Epworth
Sleepiness Scale (ESS) and Pittsburgh Sleep Quality Index
(PSQI) were performed before and after treatment [11, 17].
Excessive daytime sleepiness was measured using ESS and
scores of 11 and above were considered indicative of exces-
sive daytime sleepiness. For measuring the subjective sleep
quality, PSQI, a self-administered questionnaire widely used
for evaluating sleep quality, was also ompleted during the
previous month.

Nasal symptoms scores (NSS) were obtained for sub-
jective nasal symptoms, which consisted of sneezing,
rhinorrhea, and nasal blockage using a 5-point scale (0:
none; 1: mild; 2: moderate; 3: severe; and 4: very severe)
based on the Japanese guidelines for AR [5]. Problems of
daily life were also assessed as a quality of life (QOL) in
the NSS questionnaire for Japanese with allergic rhinitis
(Table 1).

Data from CPAP devices were downloaded at the
sleep lab before the prescription of antiallergy agents and
2 months after the medication. The following parameters
from CPAP were evaluated: (1) percentage days with CPAP
usage (%); (2) percentage days with CPAP usage more
than 4 h (%); (3) average usage per night (min); (4) average
apnea-hypopnea index (AHI) on CPAP (events/h); and (5)
average CPAP pressure in 90% of usage time (cmH,0).

All parameters of PSQI, ESS, NSS, and downloaded data
of CPAP were compared before and after medication with
antiallergy agents in all patients. A PSQI score of 6 was used
as a cutoff value based on a previous report [11]. Based upon
PSQI scores before medication, patients were divided into
two groups, PSQI < 6 group and PSQI > 6 group. Intragroup
and intergroup comparisons were performed.
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Table 1 Nasal symptoms scores

Types Score (severity)

0 (none) 1 (mild) 2 (moderate) 3 (severe) 4 (very severe)

Paroxysmal sneezing Below score 1 5-1 times 10-6 times 2011 times >21 times

(average number of
episodes of paroxysmal
sneezing in a day)

Rhinorrhea (average number Below score 1 5-1 times 10-6 times 20-11 times >21 times

of episodes of nose
blowing a day)

Nasal blockage Below score 1 Nasal blockage Severe nasal blockage Severe nasal blockage Completely
without oral causing occasional oral causing prolonged oral obstructed
breathing breathing in a day breathing throughout the all day

day

QOL (troubles with daily Below score 1 Few troubles Intermediate between score  Painful and complicating Impossible

life*) land 3 daily life

Adapted and modified from reference #5

QOL quality of life

“Troubles with daily life: troubles with work, study, household work, sleep, going out, etc.

Statistical anaIyS|s Table 2 Patient characteristics

. . Variable Value

The collected data were tabulated using Microsoft Excel

for Windows, software version 2010 (Microsoft Corp., Red-  Age, years 62.949.7

mond, WA, U.S.A.). Each score in the above survey items Sex

was compared by the 7 test for normally distributed continu- Male:female 26:2

ous variables and Wilcoxon signed-rank test or Mann—Whit- Complications

ney U test for non-normally distributed continuous variables. Hypertension, 7 (%) 10 (36%)

A value of p<0.05 was considered to be statistically sig- Diabetes, 1 (%) 7 (25%)

nificant. All values are shown as the mean + SD or median Heart failure, 1 (%) 3(11%)

(interquartile range). Respiratory disease, n (%) 0 (0%)

Results

In total, 28 patients were examined. The average age of the
participants was 62.9 +9.7 years, 26 of 28 were male, and
antihistamines were used in 6 people. Internasal corticoster-
oids were used in 5 people, and both were used in 17 people
(Table 2).

First, data from a total of 28 patients were assessed, as
shown in in Table 3. PSQI for sleep quality showed signifi-
cant improvements after medication (p =0.046) (Fig. 1A).
ESS, which was for subjective symptoms of daytime drowsi-
ness, showed no significant differences after AR medica-
tion (p=0.565). Significant improvement was observed
after the prescription of antiallergy agents in all items of
sneezing (p=0.020), rhinorrhea (p =0.007), nasal obstruc-
tion (p <0.001), and QOL (p=0.001) (Fig. 2). Concerning
the CPAP use, percentage of days with CPAP use more than
4 h increased significantly after the administration of rhinitis
medication (p =0.022) (Fig. 1B). No other parameters in

Therapy for pollinosis*

Second-generation antihistamine monotherapy, n (%) 6 (21%)

Internasal corticosteroids monotherapy, n (%) 4 (14%)

Second-generation antihistamine and internasal 17 (61%)
corticosteroids combined therapy, n (%)

Second-generation antihistamine and anti-LTs agent 1 (4%)
combined therapy, n (%)

AHI at OSA diagnosis (events/hour) 49.0+21.7

Duration of CPAP use (years) 6.1+3.5

PSQI score 5.6+3.2

ESS score 6.9+4.0

N=28. Values are expressed as mean + SD or median

*As second-generation antihistamine agents, loratadine was adminis-
tered to 1 patient, epinastine hydrochloride to 2 patients, olopatadine
hydrochloride to 1 patient, fexofenadine hydrochloride to 1 patient,
bepotastine besilate to 5 patients, levocetirizine hydrochloride to 3
patients, desloratadine to 1 patient, bilastine to 6 patients, rupatadine
fumarate to 2 patients, and emedastine fumarate to 1 patient. As inter-
nasal corticosteroids, mometasone furoate hydrate was administered
to 11 patients, fluticasone furoate to 4 patients, and dexamethasone
cipecilate to 2 patients. As anti-LTs agent, pranlukast hydrate was
administered to 1 patient

LTs leukotriene receptor antagonist, AHI apnea hypopnea index, CPAP
continuous positive airway pressure, ESS Epworth Sleepiness Scale
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Table3 PSQL ESS, and

Variable Baseline Post-treatment p-value
CPAP use before and after
administration of antiallergic PSQI score 5.6+3.2[5.5] 3.8+3.1[3.0] 0.046*
agents ESS score 6.9+4.0 71+46 0.565
Nasal symptoms score
Sneezing score 1.5+0.9[1.0] 1.1+0.7 [1.0] 0.020
Rhinorrhea score 2.0+1.0[2.0] 1.4+1.0[1.0] 0.007
Nasal blockage score 1.5+0.8 [1.5] 0.7+0.7 [0.7] <0.001
QOL (troubles of daily life) score 1.0+0.7 [1.0] 0.4+0.6[0.4] 0.001
Downloading data from CPAP
Percent days with CPAP usage (%) 88.4+18.4 90.9+15.5 0.090
Percent of days with CPAP usage >4 h (%) 75.3+29.4 83.3+24.8 0.022%*
Average usage (min) 367 +£99.5 [370] 370.7+101.5 [378] 0.326
Average AHI on CPAP (events/h) 3.0+3.6 [2.1] 3.3+3.6[2.3] 0.106
Average CPAP <90% pressure in 90% of 8.4+2.0([7.8] 8.3+19([8.1] 0.513
usage time (cmH,0)
Values are expressed as mean +SD or median (interquartile range). CPAP continuous positive airway pres-
sure, AHI apnea hypopnea index, ESS Epworth Sleepiness Scale, PSQI Pittsburgh Sleep Quality Index
*Significant values
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Fig. 1 Changes before and after medication of antiallergic agents. A PSQI showed significant improvements after the medication (p=0.046). B
CPAP use for >4 h per night increased significantly after medication (p =0.022)

the downloaded CPAP data from CPAP showed significant
differences.

Second, patients who scored PSQI < 6 before medica-
tion with antiallergy agents were defined as “the group
without decreased sleep quality,” and PSQI > 6 was defined
as “the group with decreased sleep quality.” Intergroup
comparisons were performed between PSQI < 6 group
and PSQI > 6 group (Table 4). Thirteen patients were in
the PSQI < 6 group and 15 patients who were considered
poor sleepers were in the PSQI > 6 group, who were con-
sidered poor sleepers. No significant improvement in the
PSQI score was observed after medication with antiallergy
agents in the PSQI < 6 group. In contrast, PSQI decreased
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significantly, which suggested an improvement of the sleep
quality by the antiallergy agents in the PSQI > 6 group
(p <0.05) (Fig. 3). ESS showed no significant differences
between the intra- and intergroup comparisons. For the
NSS in the intragroup comparisons of PSQI > 6 group,
all parameters, sneezing, rhinorrhea, nasal blockage,
and QOL, showed significant improvement. On the other
hand, only the sneezing score was not significantly dif-
ferent in the PSQI < 6 group. Both intra- and intergroup
comparisons were also made for the CPAP use data. CPAP
adherence had already been good before the medication of
antiallergy agents even in the PSQI < 6 group. Percentage
days with CPAP usage >4 h (%) in post-treatment showed
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Fig.2 Changes of each nasal symptoms scores (NSS) before and
after medication of antiallergy agents. Significant improvement was
observed after the prescription of antiallergy agents in sneezing (A,

significant higher in the PSQI < 6 group for the intergroup
comparisons.

Discussion

The present study revealed several novel and interesting
observations relevant to the pathogenesis of OSA with AR
in patients who were receiving CPAP therapy. We exam-
ined the impact of pollinosis treatment on CPAP users. First,
significant improvements in PSQI and NSS were observed
after medication for spring pollinosis, which suggested an
improvement in sleep quality and subjective nasal symp-
toms. In addition, the percentage of days with CPAP use
more than 4 h increased significantly after post-medica-
tion. Second, in the PSQI > 6 group before treatment, the
PSQI score and all NSS items decreased significantly after
medication.

Many studies have reported that respiratory allergies
adversely affect a patient’s QOL, causing changes in mood,
a decline in cognitive function, deterioration in school and
work performance, memory deficit, and inability to concen-
trate. Sleep disruption, sleepiness, and fatigue are often seen
in patients with AR. It has been reported that a greater than

45 p<0.01

4 .
35
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0 i
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p<0.01

2 | T

15

QOL score

0.5

.

Baseline Post-treatment

p=0.020), rhinorrhea (B, p=0.007), nasal obstruction (C, p <0.001),
and QOL (p=0.001)

normal elevation of K complex, an indicator of sleep stage
NREM 2 (light sleep), appeared in EEG [12]. Furthermore,
symptoms of rhinitis such as sneezing, rhinorrhea, nasal
obstruction, and itching were evoked by components of the
immune and inflammatory response, which may also affect
sleep and daytime drowsiness [18]. Although drowsiness and
fatigue are standard clinical symptoms of AR, it is contro-
versial whether these symptoms can be explained by the
side effects of antiallergy agents, especially antihisitamines
[19]. As for antihistamines in this study, most are second-
generation antihistamines, which have reduced central nerve
system side effects such as drowsiness and anticholinergic
effects compared to those of earlier generations [20]. Fur-
thermore, since we compared between before and after anti-
histamine administration and the PSQI scores were reduced
afterwards, it is less likely that the side effects of drowsiness
were due to medication.

Inflammatory chemical mediators, such as cytokines and
prostaglandin (PG), have long been reported to be involved
in sleep/wake regulation in animal studies [21, 22]. These
studies showed that the production of cytokines and PGs
in the brain and play a role in various physiological activi-
ties, including sleep and wakefulness. Craig et al. men-
tioned that nasal congestion with AR might be the cause
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Table 4 Intragroup and intergroup comparison of the values among the groups

PSQI <6 group (n=13)

PSQI>6 group (n=15)

2

3

Baseline Post-treatment p' Baseline Post-treatment p' P P

PSQI 28+1.1[3.0] 33+£1.6[3.6] 0.156 8.2+2.5[7.5] 59+2.5][7.0] 0.009* <0.005* <0.05%*
ESS 6.6+3.4[7] 58+£3.7[6] 0551 7.1+4.6[6] 7.6x+54][6] 0.551 0.963 0.685
Nasal symptoms scores

Sneezing score 1.0 [1.0] 1.0 [0.5] 0.073  2.0[1.0] 1.0 [0.0] 0.016* 0.680 1.0

Rhinorrhea score 2.0 [2.0] 1.0 [1.0] 0.031* 1.0[1.0] 1.0 [1.0] 0.005* 0.593 0.846

Nasal obstruction score 1.0[1.0] 1.0 [1.0] 0.007* 2.0[1.0] 1.0 [1.0] <0.005* 0.813 1.0

QOL score 1.0[1.5] 0.0 [1.0] 0.003* 1.0[1.0] 0.0 [1.0] <0.005* 0.302 0.519
Downloading data from CPAP

Percent days with CPAP usage (%) 90+19 96+ 10 0.49 87+18 87+19 0.079 0.534 0.106

Percent days with CPAP 79.9+30.0 95.4+9.7 0.11 73.9+29.0 70.7+£32.9 0.170 0.503 0.008

usage>4h (%)

Average usage (min) 431 [226] 430 [188] 0.660 366 [122] 323 [158] 0.418 0.150 0.086

Average AHI (events/hr) 2.8[2.9] 2.3[3.5] 0947 2.07[1.1] 2.0[1.6] 0.094 0.181 0.206

CPAP pressure (cmH,0 in>90% 8.7 [3.2] 8.6 [3.3] 0.639  7.1[3.0] 7.212.5] 0.492 0.468 0.410

of usage time)

Values are expressed as mean +SD or median (interquartile range). p', intragroup comparison; p?, intergroup comparison before the interven-

tion; p>, intergroup comparison after the intervention

PSQI Pittsburgh sleep quality index, ESS Epworth Sleepiness Scale, CPAP continuous positive airway pressure, AHI average apnea hypopnea

index

“Significant values

't test for normally distributed continuous variables and Wilcoxon signed-rank test for non-normally distributed continuous variables

23Mann-Whitney U test

Fig.3 PSQI differences before
and after medication of antial-

[] Baseline H Post-treatment

p<0.01

lergy agents which performed 18
intergroup and intragroup com- 16
parisons between PSQI <6 and
PSQI > 6 group. In intergroup 1
comparisons, the PSQI <6
group had significantly lower 12
PSQI score before and after -
treatment than the PSQI< 6 8 10
group. In intragroup compari- 2 ns
sons, no significant improve- o s —
ment in the PSQI score was (%)
observed after medication in o 6
the PSQI < 6 group. In contrast,
PSQI decreased significantly in 4
the PSQI>6 group (p <0.05)
2

of rhinitis-related sleep disorders and that intranasal cor-
ticosteroids affect not only nasal symptoms but also sleep
quality [23]. Krouse et al. showed elevated cytokines such
as interleukin-1 beta (IL-1p), IL-4, IL-6, IL-10, prolonged
rapid eye (REM) latency, and decreased REM sleep dura-
tion in patients with AR, and suggested that inflammatory
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p<0.05

:
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cytokines may affect sleep/wake regulation in human [3].
Interferon-gamma (IF-y), tumor necrosis factor-alpha
(TNF-a), and other mediators are related to sleep regula-
tion [24]. These inflammatory cytokines have also been
shown to be elevated in patients with OSA patients [25,
26]. Considering that the patients with OSA in this study
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had disease that was moderate to severe, although their
CPAP adherence had been consistent throughout the study
period, there is a low probability that the OSA was a cause
of the drowsiness. Inflammatory cytokines induce exacer-
bations of allergic rhinitis and nasal obstruction, promoting
sleep disorders and OSA [27]. On the other hand, OSA-
activated inflammatory chemical mediators exacerbate AR
and further reduce the sleep quality. In other words, it can
be said that appropriate treatment for allergic rhinitis is
also important for improving sleep quality.

As for nasal obstruction due to AR, this is associated
with daytime drowsiness and loss of focus during the
daytime [27, 28]. Particularly, nasal congestion is con-
sidered to be one of the most bothersome and prevalent
symptoms of AR [28]. Furthermore, nasal obstruction is
also a major contributor to reduced CPAP adherence. It
has been reported that patients with AR have higher nasal
resistance in the supine position than patients without AR
[29]. Hence, treatment for allergic rhinitis is important in
the continuation of CPAP treatment. The use of intranasal
corticosteroids for rhinitis symptoms has been reported
to improve CPAP adherence [16, 28]. We also previously
reported that nasal surgery for nasal obstruction improves
not only nasal resistance but also CPAP adherence as well
as daytime sleepiness, as evaluated by ESS [14]. In this
study, CPAP adherence had been good before treatment,
but the percentage of days with CPAP usage more than
4 h was significantly improved after treatment with antial-
lergy agents. It has been reported that the prolonged use of
CPAP is beneficial for hypertension (HT), both systolic and
diastolic blood pressure [10]. HT accounts for 36% (n=10)
of our cases, and it is considered that the suppression of
rhinitis symptoms by antiallergic agents also contributed
a significant effect on CPAP use.

Although ESS and PSQI were used to evaluate sleep,
only PSQI after medication with antiallergy agents showed
a significant improvement. In the PSQI > 6 group, which
experienced a deterioration of sleep quality before the treat-
ment in spite of their consistent use of CPAP, there was a
significant improvement in PSQI. In addition, significant
improvements were shown in all items of NSS score sneez-
ing, nasal obstruction, rhinorrhea, and QOL in the PSQI>6
group. There is a possibility that the improvement of nasal
symptoms with antiallergy agents may affect the quality of
sleep. There was no change in the CPAP adherence after
treatment, even in the PSQI > 6 group. Thus, nasal symp-
toms caused by pollinosis may have affected the quality of
sleep.

In the past few years, the number of patients with spring
pollinosis, especially with Japanese cedar pollinosis, has
markedly increased. The number of patients with allergic
rhinitis has increased between 1998 and 2019 in Japan. It is
estimated that 50% of Japanese people have allergic rhinitis

to some allergens, and it has come to be called a national
disease. In particular, the number of patients with Japa-
nese cedar pollinosis has increased [5]. Pollinosis adversely
affects not only nasal symptoms but also daily life such
as work, study, household work, sleep, and going out. It
is estimated that the economic loss associated with pol-
linosis will reach 300 billion yen annually [30]. OSA also
affects the QOL [9]. CPAP treatment is most effective in the
treatment of moderate or severe OSA, but nasal symptoms
such as pollinosis are factors that reduce the tolerability of
CPAP [13]. The findings of the current study suggest that
it is beneficial to treat CPAP users during the spring pol-
linosis period with antiallergy agents because not only nasal
symptoms but also subjective improvement in sleep quality
as well as increased CPAP use more than 4 h were observed.

Some limitations of this study should be noted. First,
subjective scores such as PSQI, ESS, and NSS were
mainly used in this study, so objective data from test-
ing such as polysomnography should be performed to
further our understanding of the pathophysiology. Sec-
ond, the sample size was small due to the COVID-19
pandemic. No statistical sample size calculations were
conducted in this study. Third, although antihistamines
and/or intranasal corticosteroids were used in this treat-
ment, the dosages were not consistent, and the starting
time of administration also varied depending on the
case. Hence, it is unclear if there was tachyphylaxis to
H2 blockers or not. Fourth, inflammatory markers were
not checked such as antigen specific and nonspecific IgE,
eosinophil counts, and interleukins before and after the
medication of antiallergy agents. Fifth, a control group
was not employed in this study. Sixth, the present study is
a pilot study and further examination is necessary.

Conclusions

The use of antiallergy agents during spring pollinosis can
be expected to improve CPAP adherence and sleep quality
in patients with OSA on CPAP. These possibilities should
be tested in further investigations with larger sample sizes
and with a single-antiallergy agent or with randomized con-
trolled trials.

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on
reasonable request.
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