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Effects of intranasal mometasone fu-
roate on blood pressure in patients with 
allergic rhinitis

Background: Nasal congestion as the 
main symptom in patients with allergic rhi-
nitis can impair nasal breathing. It causes hy-
poxia and concomitant sympathetic system 
activation, which may also lead to increased 
blood pressure levels in these patients. Ob-
jective: We postulated that appropriate ther-
apy, including intranasal steroids, decreases 
blood pressure levels in patients with allergic 
rhinitis. Methods: In our study, we investi-
gated the effect of intranasal steroid (4 weeks 
of mometasone furoate) on blood pressure 
changes in 45 patients with allergic rhinitis 
whose main complaint was nasal conges-
tion. We used ambulatory monitoring for 
determining blood pressure levels before and 
after intranasal steroid therapy. None of the 
patients had any other systemic diseases. Re-
sults: We found a significant decrease of day-
time systolic and diastolic blood pressures 
and mean blood pressure values (daytime 
systolic blood pressure: 120 vs. 117 mmHg, 
p = 0.024; daytime diastolic blood pressure: 
73 vs. 71 mmHg, p = 0.027; daytime mean 
blood pressure: 86 vs. 83 mmHg, p = 0.007). 
Although insignificant, we also found lower 
night-time systolic and mean blood pres-
sure values (nighttime systolic blood pres-
sure: 109 vs. 107 mmHg, p = 0.182; night-
time mean blood pressure 77 vs. 73 mmHg, 
p = 0.116). Conclusions: We found that post-
treatment daytime average systolic, diastolic, 
and mean arterial blood pressure levels were 
significantly lower compared to values ob-
tained during exacerbation of allergic rhi-
nitis. Decrease in blood pressure with treat-
ment of allergic rhinitis and nasal congestion 
suggests that nasal congestion and impaired 
nasal respiration may affect blood pressure 
and potentially cause serious problems in hy-
pertensive patients with allergic rhinitis.

Introduction

Allergic rhinitis (AR) is characterized 
by chronic inflammation of the nasal mu-
cosa and is usually treated with medications 
targeting symptomatic relief [1]. Unfortu-
nately, nasal congestion and other comor-
bid diseases, including asthma, sinusitis, or 
otitis, may lead to chronic impairment and 
a decreased quality of life in these patients 
[1, 2]. It is well known that patients with AR 
cannot sleep “well” and wake up exhausted 
in the morning [1]. Their cognitive functions 
are also decreased [3, 4]. It is thought that 
hypoxemia due to nasal congestion, particu-
larly occurring during night sleep, activates 
the sympathetic system, causes reflex va-
soconstriction, and increases heart rate and 
blood pressure in patients with AR as in pa-
tients with obstructive sleep apnea syndrome 
(OSAS) [5].

The positive effect of AR treatment on 
blood pressure levels in hypertensive pa-
tients was described in a controlled study [6]. 
In this study, after 8 weeks of AR treatment, 
systolic blood pressure levels were signifi-
cantly decreased in hypertensive patients 
(who were also taking antihypertensive med-
ications).

We hypothesized that treatment of AR 
may decrease blood pressure levels in nor-
motensive patients with severe symptoms by 
improving of nasal congestion and conse-
quent hypoxia.
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Methods

Study participants

We enrolled 70 consecutive patients aged 
between 18 and 40 years who were diag-
nosed with seasonal AR by epidermal allergy 
tests between March and August, but had not 
received any medications to treat rhinitis.

Skin prick test

To confirm the allergy, all patients un-
derwent skin prick tests (SPT), as previously 
reported, with aeroallergens common in Tur-
key (grass mix, cereals mix, weed mix, tree 
mix, house dust mite, cat fur, and dog epi-
thelia) (Laboratoires Stallergènes, Antony, 
France) [1].

Evaluation of patient symptoms

Daytime sleepiness was evaluated using 
the Epworth Sleepiness Scale [7]. It consists 
of 8 self-rated items, each scored from 0–  3, 
which measure a subject’s habitual “likeli-
hood of falling asleep or dozing” in common 
situations of daily living. A score of 10 or 
more is considered as ‘sleepy’. Patients with 
a score of 10 or more were included in the 
study.

The VAS (Visual Analog Scale) was used 
to assess the subjective feeling of combined 
nasal symptoms (nasal obstruction, rhinor-
rhea, sneezing, nasal pruritus, and nasal ob-
struction); it ranges from 0 (nasal symptoms, 
not at all bothersome) to 10 (nasal symp-
toms, extremely bothersome) [8].

The patients were re-evaluated after the 
treatment period, and 24-hour blood pressure 
monitoring was repeated in patients with 
VAS score ≤ 3.

The therapy was accepted as beneficial in 
patients whose pretreatment VAS score of ≥ 8 
decreased to a post-treatment VAS score of ≤ 
3. Post-treatment evaluations were performed 
on patients with VAS scores of 3 or below.

Office blood pressure measurement

Inhospital blood pressure was measured 
using a mercury sphygmomanometer follow-
ing a 5-min. rest in a seated position.

Ambulatory blood pressure measure-
ment (ABPM)

Ambulatory blood pressure was mea-
sured with Spacelabs 90207 ABPM device 
(Spacelabs Healthcare Inc. Redmond, Wash-
ington, USA), which is an oscillometric device. 
The device was programmed to measure blood 
pressure once every 30 minutes beginning at 
9:00 a.m. until 9:00 a.m. the day after [9].

The patients were informed that they 
should not change their daily activity and 
that their arm should be in a comfortable 
position during the measurement. The proce-
dure was considered successful if 85% of the 
measurements were read.

Patient exclusion

A detailed patient history, physical ex-
amination, and laboratory tests were deemed 
sufficient to confirm that patients did not 
have any concomitant disease.

Twenty-five patients who had mechani-
cal obstruction that affects nasal airflow (i.e., 
nasal septal deviation or turbinate hypertro-
phy), patients with perennial symptoms, sen-
sitized to perennial allergens, history of hy-
pertension, any pulmonary or cardiovascular 
system (CVS) diseases, OSAS, diabetes 
mellitus or hyper-hypothyroidism, or obesity 
(BMI > 30 kg/m2) were excluded.

High inhospital blood pressure (> 140 
– 90 mmHg) or ambulatory blood pressure 
measurements (> 135 – 85 mmHg) were ac-
cepted as valid exclusion criteria. The Uni-
versity Bioethics Committee approved the 
study protocol, and written informed consent 
was obtained from each patient. Causes for 
exclusion are presented in Figure 1. In the 
end, the study included 45 patients (mean 
age 29.6 ± 7.0 years, male/female ratio 36/9).

Treatment of allergic rhinitis

In this 4-week study, patients with AR re-
ceived mometasone furoate nasal spray (Na-
sonex™), 200 µg each morning.

Statistical Evaluation

The software SPSS 15.0 (Chicago, IL, 
USA) was used for statistical evaluation. 
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Figure 1. Flow diagram 
of patient selection. 
Abbreviations: 
ESS = Epworth 
Sleepiness Scale; 
AR = Allergic rhinitis; 
ABPM = Ambulatory 
blood pressure 
measurement; 
VAS = Visual analog 
scale.

Continuous variables were presented as 
mean ± standard deviation (SD) according to 
data distribution. Categorical variables were 
given as percent value. Data distribution was 
tested with Shapiro-Wilk test. Paired-sam-
ples Student’s t-test was used for continuous 
variables. c2-test was also used for categori-
cal data. A p value < 0.05 was considered as 
statistically significant.

Results

We studied 45 subjects (9 females, 36 
males; age (mean ± SD) = 29.6 ± 7.0 years) 
with AR. The mean time since onset of rhi-
nitis was 7.16 years (SD ± 3.8). A history of 
atopic diseases in the family was reported by 
22 patients (48.9%). A history of smoking 
was observed only in male patients (Table 1).

The mean values of ESS (Epworth Sleep-
iness Scale) score and VAS of the patients 
were decreased after treatment (Table 1).

After examining the ABPM of the patients 
before and after intranasal steroid treatment, 
a significant decrease in systolic and diastol-
ic blood pressure and average blood pressure 
levels at daytime was detected (daytime sys-
tolic blood pressure: 120 vs. 117 mmHg, p 
= 0.024; daytime diastolic blood pressure: 
73 vs. 71 mmHg, p = 0.027; daytime mean 
blood pressure: 86 vs. 83 mmHg, p = 0.007, 
respectively) (Table 2).

On the other hand, no significant differ-
ence was detected in night blood pressure 
values (nighttime systolic blood pressure: 
109 vs. 107 mmHg, p = 0.182; nighttime 
diastolic blood pressure: 65 vs. 65 mmHg, 
p =0.944; nighttime mean blood pressure 
77 vs. 73 mmHg, p = 0.116, respectively) 
(Table 2).

We found a gender-specific blood pres-
sure response to intranasal steroid therapy. 
Daytime blood pressure values were lower 
after the therapy only in male patients, while 
the values for female patients did not show 
any difference (daytime systolic blood pres-
sure in men: 122 vs. 119 mmHg, p = 0.016; 
daytime diastolic blood pressure in men: 
74 vs. 72 mmHg, p = 0.009; daytime mean 
blood pressure in men: 86 vs. 83 mmHg, p = 
0.003 , respectively), (daytime systolic blood 
pressure in women: 112 vs. 110 mmHg, p = 
0.638; daytime diastolic blood pressure in 
women: 71 vs. 70 mmHg, p = 0.874; daytime 
mean blood pressure in women: 82 vs. 82 
mmHg, p = 0.910 , respectively) (Table 2).

Discussion

We found lower daytime systolic, dia-
stolic, and mean blood pressure levels only 
in male normotensive patients with AR tak-
ing intranasal steroid treatment compared to 
pretreatment blood pressure measurements 
taken with ABPM. However, nighttime am-
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bulatory blood pressure levels did not show 
any statistically significant decrease with 
intranasal steroid therapy in either male or 
female patients.

In a previous study, significant reductions 
of systolic blood pressure were observed in 
hypertensive patients treated for AR [6]. Al-
though there are methodological differences 
between the studies, such as patient charac-
teristics, similar results were obtained in our 

study. To our knowledge, our study is the 
first to investigate the potential association 
between nasal congestion and blood pressure 
in normotensive patients with AR.

It is known that nasal respiration is physi-
ological and more effective than mouth res-
piration for effective alveolar ventilation 
in healthy people [10]. In contrast, nasal 
obstruction plays a role in sleep-disordered 
breathing, and daytime nasal obstruction is 
an independent risk factor for OSAS [11, 
12]. It is generally accepted that there is an 
increased risk for development of hyperten-
sion and adverse cardiovascular events in pa-
tients with OSAS [13].

We selected patients with an Epworth 
score in the range of ‘sleepy’ (more than 10), 
which confirmed the presence of daytime 
sleepiness in our study. Sleep disturbances 
are very frequent in AR patients such that 
only 3.2% of patients have a good quality of 
sleep [14]. Snoring, obstructive sleep apnea, 
and/or hypopnea and microarousals have 
been seen in AR patients [15]. Steavska et 
al. [16] have suggested that AR is associated 
with mild forms of OSAS. Although sneez-
ing, rhinorrhea, and nasal pruritus may con-
tribute to sleep problems, nasal congestion 
seems to be a predominant trigger [5]. Nasal 
congestion reduces the internal nasal diam-
eter, increases airway resistance to nasal air-
flow, and results in nasal obstruction. AR pa-
tients with nasal congestion have a 1.8 times 
increased risk for sleep-disordered breathing 
compared to AR patients without nasal con-
gestion [17]. Ensuing nocturnal awakenings 
and excessive daytime sleepiness are fre-
quent, especially during AR exacerbations 
[18]. In addition, inflammatory mediators, 
such as histamine and cytokines (interleukin-
1B, interleukin-4, and interleukin-10), may 
also affect sleep quality, especially through 
decreasing the restorative REM sleep period 
[19]. Allergic rhinitis patients generally ex-
perience their symptoms on a 24-hour basis 
with some variability. Nasal congestion is 
usually the worst during night- and early-
morning hours upon awakening [20]. Like-
wise, inflammatory mediators show levels 
peaking in the early morning hours [21].

We were not able to detect any statistical 
difference in nighttime blood pressure levels. 
Indeed, intermittent hypoxia does not lead to 
nighttime blood pressure elevation. Accord-

Table 1. Patient demographics and characteristics1.

Variable Finding (n = 45)

Age, mean ± SD, years 29.6 ± 7.0
Sex, No. (%)

 Male
 Female

36 (80)
9 (20)

Smoker, n (%) 9 (20)
Family history of atopy, n (%) 22 (48.9)

Family history of hypertension, n (%) 20 (44.4)
BMI, mean ± SD, (kg/m2) 24.6 ± 2.0

Duration of allergic rhinitis, mean ± SD, y 7.16 ± 3.8
VAS (pretreatment), mean ± SD, (cm) 8.53 ± 0.6

VAS (post-treatment), mean ± SD, (cm) 1.57 ± 0.6
Epworth sleepiness scale score, mean ± SD, 

(pretreatment)
14.27 ± 3.3

Epworth sleepiness scale score, mean ± SD, 
(post-treatment)

1.44 ± 1.3

BMI: Body Mass Index, VAS: Visual Analog Scale.
1Data are presented as number (percentage) or mean ± SD unless otherwise 
stated.

Table 2. Blood pressure levels in patients with AR: comparison between 
MFNS1 a before and after treatment.

Variable Mean value
before 

treatment 
(mmHg)

Mean value
after 

treatment 
(mmHg)

p value

Average systolic BP at daytime
 All patients

 Male
 Female

120 ± 9.1
122 ± 8.6
112 ± 6.2

117 ± 9.4
119 ± 7.7
110 ± 12.2

0.024
0.016
0.638

Average diastolic BP at daytime
 All patients

 Male
 Female

73 ± 5.5
74 ± 5.7
71 ± 3.7

71 ± 7.4
72 ± 7.2
70 ± 8.7

0.027
0.009
0.874

Average systolic BP at nighttime 109 ± 8.4 107 ± 10.3 0.182
Average diastolic BP at nighttime 65 ± 6.4 65 ± 9.3 0.944

Average BP at daytime
 All patients

 Male
 Female

86 ± 5.7
86 ± 5.7
82 ± 4.7

83 ± 7.6
83 ± 7.0
82 ± 9.9

0.007
0.003
0.910

Average BP at nighttime 77 ± 8.0 73 ± 16.2 0.116

BP: blood pressure; MFNS: mometasone furoate nasal spray.
1Data are presented as mean ± SD



Kartal, Baysan, Gulec, et al. 142

ing to the findings of Tamisier et al. [22], 
there was no increase in nocturnal catechol-
amine excretion, and, therefore, no increase 
in nocturnal blood pressure. Moreover, the 
same authors claimed that shorter sleep time 
is directly related to the nondipping pattern 
of blood pressure. They also suggested that 
healthy subjects with intermittent nocturnal 
hypoxia, as in our study participants, con-
tinued to exhibit a normal dipping pattern of 
blood pressure because of normal sleep orga-
nization with a significant amount of slow-
wave sleep. Interestingly, this was followed 
by persistent sympathetic hyperactivity dur-
ing the daytime, which may explain our find-
ing of high blood pressure levels during the 
daytime [22].

We found decreased blood pressure val-
ues with the therapy only in male patients 
(Table 2). It is known that sex hormones 
cause different, gender-specific cardiovascu-
lar system responses to hypoxia at the level 
of the central nervous system [23]. Previous 
studies have confirmed that hypoxia-driven 
cardiovascular system responses in subjects 
living at highaltitude were attenuated in fe-
male subjects compared to males [24, 25].

Nasal steroids are considered first-line 
treatment options when nasal congestion is 
the predominant symptom. A regular admin-
istration of intranasal corticosteroids for 2 – 4 
weeks decreases nasal congestion, attenuates 
sleep disturbance, and thereby improving the 
quality of life in patients with AR [26, 27]. 
Therefore, it is reasonable to suggest that 
nasal steroids may also lessen blood pres-
sure elevations during AR exacerbations. To 
support this assumption we found lower day-
time blood pressure levels after nasal steroid 
therapy in normotensive AR patients.

We confined our study population to 
patients having a relatively high symptom 
burden (high Epworth Sleepiness Scale and 
Visual Analog Scale scores), which clearly 
introduced a selection bias. We thought that 
patients with more pronounced symptoms 
should have higher blood pressure values at 
baseline and also show a noticeable blood 
pressure response to the therapy.

The absence of pulse oximetric data con-
firming presence of hypoxia is another major 
limitation of our study. However, previous 
data have already shown that nasal blockage 

due to allergic inflammation caused hypoxia 
as measured by pulse oximetry [28].

Allergic rhinitis may cause an increase in 
daytime blood pressure values, especially in 
male patients. Although this increase may be 
less in magnitude in healthy normotensive 
AR patients, it may lead to unexpected clini-
cal events, such as hypertensive crisis, in AR 
patients who already have hypertension.

Conflict of interest

There was no financial support for the 
study. The authors have no conflict of inter-
est to declare.

References
[1] Bousquet J, Khaltaev N, Cruz AA, Denburg J, 

Fokkens WJ, Togias A, Zuberbier T, Baena-
Cagnani CE, Canonica GW, van Weel C, Agache 
I, Aït-Khaled N, Bachert C, Blaiss MS, Bonini S, 
Boulet LP, Bousquet PJ, Camargos P, Carlsen 
KH, Chen Y, et al. GA(2)LEN; AllerGen Allergic 
Rhinitis and its impact on Asthma (ARIA) 2008 
update (in collaboration with the World Health 
Organization, GA(2)LEN and AllerGen). Allergy. 
2008; 63 (Suppl 86): 8-160. CrossRef PubMed

[2] Meltzer EO. Quality of life in adults and children 
with allergic rhinitis. J Allergy Clin Immunol. 
2001; 108 (Suppl): S45-S53. CrossRef PubMed

[3] Marshall PS, O’Hara C, Steinberg P. Effects of 
seasonal allergic rhinitis on selected cognitive 
abilities. Ann Allergy Asthma Immunol. 2000; 
84: 403-410. CrossRef PubMed

[4] Kessler RC, Almeida DM, Berglund P, Stang P. 
Pollen and mold exposure impairs the work 
performance of employees with allergic rhinitis. 
Ann Allergy Asthma Immunol. 2001; 87: 289-
295. CrossRef PubMed

[5] Sardana N, Craig TJ. Congestion and sleep 
impairment in allergic rhinitis. Asian Pac J 
Allergy Immunol. 2011; 29: 297-306. PubMed

[6] Magen E, Yosefy C, Viskoper RJ, Mishal J. 
Treatment of allergic rhinitis can improve blood 
pressure control. J Hum Hypertens. 2006; 20: 
888-893. CrossRef PubMed

[7] Johns MW. A new method for measuring daytime 
sleepiness: the Epworth sleepiness scale. Sleep. 
1991; 14: 540-545. PubMed

[8] Bousquet PJ, Combescure C, Neukirch F, Klossek 
JM, Méchin H, Daures JP, Bousquet J. Visual 
analog scales can assess the severity of rhinitis 
graded according to ARIA guidelines. Allergy. 
2007; 62: 367-372. CrossRef PubMed

[9] Pickering T; American Society of Hypertension 
Ad Hoc Panel. Recommendations for the use of 
home (self) and ambulatory blood pressure 
monitoring. Am J Hypertens. 1996; 9: 1-11. 
CrossRef PubMed

http://dx.doi.org/10.1111/j.1398-9995.2007.01620.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18331513&dopt=Abstract
http://dx.doi.org/10.1067/mai.2001.115566
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11449206&dopt=Abstract
http://dx.doi.org/10.1016/S1081-1206(10)62273-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10795648&dopt=Abstract
http://dx.doi.org/10.1016/S1081-1206(10)62242-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11686420&dopt=Abstract
http://dx.doi.org/10.1038/sj.jhh.1002088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16967045&dopt=Abstract
http://dx.doi.org/10.1111/j.1398-9995.2006.01276.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17362246&dopt=Abstract
http://dx.doi.org/10.1016/0895-7061(95)00341-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8834700&dopt=Abstract


Allergic rhinitis and blood pressure 143

[10] McNicholas WT, Coffey M, Boyle T. Effects of 
nasal airflow on breathing during sleep in normal 
humans. Am Rev Respir Dis. 1993; 147: 620-623. 
CrossRef PubMed

[11] Chen W, Kushida CA. Nasal obstruction in sleep-
disordered breathing. Otolaryngol Clin North Am. 
2003; 36: 437-460. CrossRef PubMed

[12] Lofaso F, Coste A, d’Ortho MP, Zerah-Lancner F, 
Delclaux C, Goldenberg F, Harf A. Nasal 
obstruction as a risk factor for sleep apnoea 
syndrome. Eur Respir J. 2000; 16: 639-643. 
CrossRef PubMed

[13] Budhiraja R, Budhiraja P, Quan SF. Sleep-
disordered breathing and cardiovascular disorders. 
Respir Care. 2010; 55: 1322-1332. PubMed

[14] Meltzer EO, Nathan R, Derebery J, Stang PE, 
Campbell UB, Yeh WS, Corrao M, Stanford R. 
Sleep, quality of life, and productivity impact of 
nasal symptoms in the United States: findings 
from the Burden of Rhinitis in America survey. 
Allergy Asthma Proc. 2009; 30: 244-254. 
CrossRef PubMed

[15] McNicholas WT, Tarlo S, Cole P, Zamel N, 
Rutherford R, Griffin D, Phillipson EA. 
Obstructive apneas during sleep in patients with 
seasonal allergic rhinitis. Am Rev Respir Dis. 
1982; 126: 625-628. PubMed

[16] Staevska MT, Mandajieva MA, Dimitrov VD. 
Rhinitis and sleep apnea. Curr Allergy Asthma 
Rep. 2004; 4: 193-199. CrossRef PubMed

[17] Canova CR, Downs SH, Knoblauch A, Andersson 
M, Tamm M, Leuppi JD. Increased prevalence of 
perennial allergic rhinitis in patients with 
obstructive sleep apnea. Respiration. 2004; 71: 
138-143. CrossRef PubMed

[18] Lavie P, Gertner R, Zomer J, Podoshin L. 
Breathing disorders in sleep associated with 
“microarousals” in patients with allergic rhinitis. 
Acta Otolaryngol. 1981; 92: 529-533. CrossRef 
PubMed

[19] Krouse HJ, Davis JE, Krouse JH. Immune 
mediators in allergic rhinitis and sleep. 
Otolaryngol Head Neck Surg. 2002; 126: 607-
613. CrossRef PubMed

[20] Smolensky MH, Lemmer B, Reinberg AE. 
Chronobiology and chronotherapy of allergic 
rhinitis and bronchial asthma. Adv Drug Deliv 
Rev. 2007; 59: 852-882. CrossRef PubMed

[21] Aoyagi M, Watanabe H, Sekine K, Nishimuta T, 
Konno A, Shimojo N, Kohno Y. Circadian variation 
in nasal reactivity in children with allergic rhinitis: 
correlation with the activity of eosinophils and 
basophilic cells. Int Arch Allergy Immunol. 1999; 
120 (Suppl 1): 95-99. CrossRef PubMed

[22] Tamisier R, Pépin JL, Rémy J, Baguet JP, Taylor 
JA, Weiss JW, Lévy P. 14 nights of intermittent 
hypoxia elevate daytime blood pressure and 
sympathetic activity in healthy humans. Eur 
Respir J. 2011; 37: 119-128. CrossRef PubMed

[23] Buller KM, Day TA. Opposite effects of short and 
continuous oestradiol replacement on CNS 
responses to hypoxic stress. Neuroreport. 2000; 
11: 2243-2246. CrossRef PubMed

[24] Arias-Stella J. Chronic mountain sickness: pathology 
and definition. In: Porter R, Knight J (eds). High 
altitude physiology: cardiac and respiratory aspects. 
Edinburgh-Churchill Livingstone: 1971. p.31-40.

[25] Ou LC, Sardella GL, Leiter JC, Brinck-Johnsen T, 
Smith RP. Role of sex hormones in development 
of chronic mountain sickness in rats. J Appl 
Physiol (1985). 1994; 77: 427-433. PubMed

[26] Yamada T, Yamamoto H, Kubo S, Sakashita M, 
Tokunaga T, Susuki D, Narita N, Ogi K, Kanno M, 
Yamashita S, Terasawa Y, Kayano Y, Masada M, 
Fujieda S. Efficacy of mometasone furoate nasal 
spray for nasal symptoms, quality of life, rhinitis-
disturbed sleep, and nasal nitric oxide in patients 
with perennial allergic rhinitis. Allergy Asthma 
Proc. 2012; 33: e9-e16. CrossRef PubMed

[27] Meltzer EO, Munafo DA, Chung W, Gopalan G, 
Varghese ST. Intranasal mometasone furoate 
therapy for allergic rhinitis symptoms and rhinitis-
disturbed sleep. Ann Allergy Asthma Immunol. 
2010; 105: 65-74. CrossRef PubMed

[28] Matsune S, Kono M, Sun D, Ushikai M, Kurono Y. 
Hypoxia in paranasal sinuses of patients with 
chronic sinusitis with or without the complication 
of nasal allergy. Acta Otolaryngol. 2003; 123: 
519-523. CrossRef PubMed

http://dx.doi.org/10.1164/ajrccm/147.3.620
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8442596&dopt=Abstract
http://dx.doi.org/10.1016/S0030-6665(02)00175-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12956093&dopt=Abstract
http://dx.doi.org/10.1034/j.1399-3003.2000.16d12.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11106205&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20875159&dopt=Abstract
http://dx.doi.org/10.2500/aap.2009.30.3230
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19549425&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7125355&dopt=Abstract
http://dx.doi.org/10.1007/s11882-004-0026-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15056401&dopt=Abstract
http://dx.doi.org/10.1159/000076674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15031568&dopt=Abstract
http://dx.doi.org/10.3109/00016488109133292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7315270&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7315270&dopt=Abstract
http://dx.doi.org/10.1067/mhn.2002.125300
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12087326&dopt=Abstract
http://dx.doi.org/10.1016/j.addr.2007.08.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17900748&dopt=Abstract
http://dx.doi.org/10.1159/000053604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10529614&dopt=Abstract
http://dx.doi.org/10.1183/09031936.00204209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20525723&dopt=Abstract
http://dx.doi.org/10.1097/00001756-200007140-00036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10923679&dopt=Abstract
http://dx.doi.org/10.2500/aap.2012.33.3509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22525384&dopt=Abstract
http://dx.doi.org/10.1016/j.anai.2010.04.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20642206&dopt=Abstract
http://dx.doi.org/10.1080/0036554021000028113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12797588&dopt=Abstract

