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Abstract: Background: In order to evaluate the efficacy of intranasal mometasone furoate in patients
with non-allergic rhinitis (NAR), a real-life, observational, prospective study is performed. Methods:
Thirty-one patients (age 18–64 years) receive intranasal (mometasone furoate, 200 µg b.i.d. for
15 consecutive days per month for 6 consecutive months), plus isotonic nasal saline. The cytologic
pattern of local inflammation, nasal airflow, through peak nasal inspiratory flow (PNIF), quality
of life (QoL), through the rhinitis quality of life questionnaire (RQLQ), the sinonasal outcome test
(SNOT-22), the short-form 36-item health survey (SF-36v2), and the combined symptom medication
score (CSMS), and, finally, olfactory function, through Sniffin’ sticks-16 identification test (SSIT-16),
are evaluated at baseline and after treatment. Results: NARNE is the most frequent cytological
pattern (48% of the total sample). The therapeutic response shows improvement in olfactory function
and QoL. Conclusions: The results of this study confirm that intranasal mometasone furoate is an
effective treatment for patients with NAR.

Keywords: non-allergic rhinitis; intranasal corticosteroid; mometasone furoate; quality of life; nasal
cytology; olfactory function; fiberoptic nasal endoscopy; non-allergic rhinitis with eosinophils
(NARES); the rhinitis quality of life questionnaire (RQLQ)

1. Introduction

The term “rhinitis” indicates a generic irritation and inflammation of the nasal mucosa
characterized by rhinorrhea, blocked nose, sneezing and/or itchy nose. The following three
distinct subgroups of rhinitis are commonly described: allergic rhinitis (AR), infectious
rhinitis, and non-allergic, non-infectious rhinitis (NAR) [1,2]. However, it is essential to
underline how frequently, in some patients, the characteristics of the above categories
may overlap.

The prevalence of NAR and AR in the general population is 27% and 12%, respec-
tively [3]. NAR is often underestimated compared to AR, although about 200 million
people worldwide are affected by this condition [4].
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Considering this high prevalence, chronic rhinitis has a significant social impact due
to direct (drugs, medical visits, etc.) and indirect costs (absenteeism from work) [5].

Non-allergic rhinitis includes various phenotypes that may require different treatment
strategies. This heterogeneous group of patients can be classified into the following several
subgroups, among which are: drug-induced rhinitis, hormone-induced rhinitis, senile
rhinitis, occupational rhinitis and idiopathic rhinitis [1].

For years, scientific efforts have been made to identify and distinguish the pathophysi-
ology of these diseases, but to date, many aspects still remain unclear.

Based on the cellular inflammatory profile, NAR has also been classified as the follow-
ing: non-allergic rhinitis with neutrophils (NARNE), non-allergic rhinitis with eosinophils
(NARES), non-allergic rhinitis with mast cells (NARMA) and nonallergic rhinitis with
eosinophils and mast cells (NARESMA) [6,7].

NARES represents the most widespread and important subgroup; data derived from
different studies showed variable prevalence ranging between 10 and 35% of NAR [8–10].
This variability appears to be due to the lack of univocal diagnostic criteria applied in the
studies. To date, the most common diagnostic method is the evaluation of the eosinophil
count in a nasal smear in the absence of a demonstrable immune-mediated allergic compo-
nent (negative in vivo and in vitro allergological examination) and of any other sinonasal
pathology such as chronic rhinosinusitis with or without polyposis. However, the patho-
physiology of NARES is unknown since the mechanisms underlying the recruitment and
migration of eosinophils in the nasal mucosa still remain uncertain [11].

NARES is frequently associated with intrinsic asthma, chronic rhinosinusitis with
nasal polyposis and other comorbidities such as obstructive sleep apnoea [11,12] and non-
steroidal anti-inflammatory drug (NSAID)-exacerbated respiratory disease (N-ERD) [13].

Mometasone furoate is one of the most potent and effective intranasal corticosteroids
available for the treatment of allergic rhinitis. In particular, this drug significantly improves
symptoms, maintains high concentrations at the receptor sites within the nasal mucosa, has
a rapid onset of action—normally within 4–12 h of the first dose, a low systemic absorption
with a good efficacy and safety profile [14].

The aim of this study was to evaluate the impact of a second-generation intranasal
corticosteroid (mometasone furoate, 200 µg b.i.d. for 15 consecutive days per month for
6 consecutive months), plus isotonic nasal saline, on the following: (1) cytologic pattern of
local inflammation; (2) nasal airflow, through peak nasal inspiratory flow (PNIF) (L/min);
(3) quality of life, through the Rhinitis Quality of Life Questionnaire (RQLQ), the Sino-
nasal Outcome Test (SNOT-22), the Short-Form 36-Item Health Survey (SF-36v2) and the
combined symptom medication score (CSMS) and (4) olfactory function, through Sniffin’
sticks-16 Identification test (SSIT-16), in a group of patients with NAR.

2. Materials and Methods
2.1. Study Design and Protocol

This was a prospective open-label observational study including non-allergic rhinitis
patients at our institution Fondazione Policlinico Universitario A. Gemelli IRCCS in Rome,
Italy, between January 2021 and January 2022. All patients gave their written informed
consent to participate. The study protocol was approved by local Ethics Committee of our
institution (Number of Protocol: ID 3744, December 2020).

We screened the following: patients aged between 18 and 65 years with clinical
symptoms of non-allergic perennial rhinitis, negative skin prick test, negative specific
IgE blood assays (RAST), and negative intranasal allergen provocation test for principal
inhalant allergens (including house dust mites, major Italian pollens, mold, dogs/cats
epithelium). Exclusion criteria were as follows: (1) treatment with other local or systematic
medical treatment such as intranasal or oral corticosteroid during the previous 4 weeks,
(2) positive skin prick test, (3) symptoms of chronic rhinosinusitis (CRS) with or without
polyposis (nasal polyps at nasal endoscopy or evidence of sinonasal occupancy at CT
scan), (4) current systemic or upper respiratory tract infections, (5) recent sinonasal surgery
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within the past 3 months, (6) previous diagnosis of ciliary dyskinesias, cystic fibrosis, nasal
malformations or anosmia.

At baseline, patients were recruited during an outpatient allergological visit if NAR
was suspected due to co-existence of clinical symptoms, negative results at allergolog-
ical examination for main aeroallergens and recently performed CT scan negative for
CRS. Thereafter, the patients underwent an otolaryngological visit including rhino-fibro-
endoscopy and olfactometry.

Then, all patients underwent a nasal cytologic evaluation. The following four patterns
were considered: NARNE, NARES, NARESMA and NARMA.

After baseline evaluation (time zero, T0), all patients started intranasal mometasone
furoate, 200 µg b.i.d. for 15 consecutive days per month plus isotonic nasal saline for
6 consecutive months.

After 6 months of treatment, the same allergological and otolaryngological tests
were performed.

Patients could withdraw from the study at any time if they wished. Furthermore,
patients were allowed to continue any chronic drug therapies already prescribed for other
clinical reasons.

2.2. Procedures
2.2.1. Skin Prick Tests (SPTs) and IgE

SPTs were performed using the main extracts for perennial and seasonal aeroallergens
(Lofarma, Milan, Italy) on the volar part of the forearm of each patient at a distance of
at least 2–3 cm from the wrist and from the antecubital fold with a distance between the
different extracts ≥ 2 cm. For the puncture of the superficial layers of the skin, sterile plastic
lancets with a 1 mm unilateral tip were used, which were passed through the drop of the
allergenic extract and kept pressed against the skin for at least 1 s with equal pressure
applied to each test. Each allergen was punctured with a new lancet to avoid the risk
of contamination. A histamine solution (10 mg/mL) and a physiological saline solution
(0.9%) were used as positive and negative controls, respectively. Skin prick tests were read
15–20 min after applying the extracts and the reaction was considered positive if it caused
the appearance of a weal ≥ 3 mm in diameter [15].

The dosage of specific IgE (UniCAP-Phadia, Thermofisher, Uppsala, Sweden) was
performed by immune-enzymatic techniques using peripheral venous sample. The fol-
lowing allergens were tested: dermatophagoides, aspergillus, alternaria, candida, dog and
cat epithelium, staphylococcal enterotoxins, grasses, parietaria. A dosage greater than
0.35 kUA/L was considered positive.

2.2.2. Endoscopic Evaluation

Fiberoptic nasal endoscopy was performed in all subjects under local anesthesia with
topical application of 2% xylocaine and using 0◦ and 30◦, 4 mm diameter rigid nasal
endoscope (Karl Storz, Tuttlingen, Germany). Nasal endoscopy was performed by using
the standard three-pass technique as described by Kennedy. Nasal endoscopy findings are
noted using Lund-Kennedy Endoscopic Scoring system 8 to assess the following parameters:
nasal mucosa oedema (absent = 0; mild-moderate = 1 or polypoid degeneration = 2),
presence of secretion (absent = 0, hyaline = 1 or thick and/or mucopurulent = 2) and
presence of polyps (absent = 0, limited to the middle meatus = 1 or extended to the nasal
cavity = 2), Scarring (absent = 0; mild = 1; severe = 2) and Crusting (absent = 0; mild = 1;
severe = 2). The assessment was performed bilaterally, with the total points corresponding
to the sum of values obtained on both sides. A total score > 4 was considered indicative of
significant modification of endoscopic appearance [16].
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2.3. Outcome Measurements
2.3.1. Nasal Cytology

Nasal cytology was performed using a small curette (Nasal Scraping®, EP Medica,
Fusignano, Ravenna, Italy) in sterile disposable plastic material, which was swiped on
the patient’s nasal mucosa at the level of the middle third of the lower turbinate. The
curette was rotated with small, cautious rotational and anterior-posterior movements. The
collected cellular material was transferred to a microscope slide and spread over a very
large area. Subsequently, the slide was dried in the air and stored in special trays. Staining
of the slide was carried out by May–Grunwald–Giemsa (MGG) staining. It involved a first
staining with the pure May–Grunwald dye, which was allowed to act for 3 min, a second
staining with the same dye diluted 1:1 and left to act for 6 min at the end of which the slide
was removed from the tray and placed in distilled water for one minute. At the end of this
procedure the slides were immersed in Giemsa’s solution diluted with buffered water with
a ratio of 1:10 and left in solution for about 30 min. Subsequently, the slide was removed
from Giemsa’s solution, washed with a jet of running water and allowed to dry. The reading
of the slides was carried out using an optical microscope equipped with an objective with a
magnification capacity up to 1000×. For the analysis of the rhino-cytogram, we proceeded
with a reading by fields (not less than 50) to find the cellular elements important for the
diagnosis (eosinophils, mast cells, neutrophils, bacteria, spores, etc.), reporting the cell
count, a semi-quantitative assessment, and the degree of inflammation according to agreed
values [7].

2.3.2. Peak Nasal Inspiratory Flow (PNIF)

PNIF was measured to assess the degree of patients’ nasal obstruction. For the evalua-
tion, we used the PNIF-meter, a simple-to-use instrument with proven diagnostic validity,
which measures the PNIF through the nasal cavity, providing an objective value of the
degree of nasal obstruction. Values between 80 L/min and 200 L/min are considered
normal, with an average physiological value of approximately 140 L/min [17].

2.3.3. Olfactory Evaluation

Sniffin’ sticks-16 Identification test (SSIT-16) was performed by administering 16 odors
at suprathreshold intensity to the patient. Patient identified each odor presented by choos-
ing from the four options provided. Depending on the number of correctly identified
substances, a result between 0 (no substance identified) and 16 (all substances identified)
was obtained. This allowed us to classify patients as anosmic (score between 0 and 5),
hyposmic (score between 6 and 10) or normosmic (score between 11 and 16) [18].

2.3.4. Questionnaires
Short-Form 36-Item Health Survey Italian Version 2 (SF-36v2)

The SF-36v2 is a self-reported questionnaire comprising 36 items measuring the fol-
lowing eight dimensions of general QoL: physical functioning (10 items), role limitation
due to physical health problems (4 items), bodily pain (2 items), general health perceptions
(5 items), vitality (4 items), social functioning (2 items), role limitations due to emotional
problems (3 items), and general mental health (5 items). In addition to individual dimension
scores, the following two summary scores assessing physical and mental dimensions of
health and well-being can be calculated: physical component summary (PCS) score and the
mental component summary (MCS) score, respectively. Each question’s score was coded,
summed up, and transformed to a scale of 0 (worst possible health state measured by the
questionnaire) to 100 (best possible health state) [19].

Sino-Nasal Outcome Test (SNOT-22)

SNOT-22 is composed of 22 CRS-related items scored from 0 to 5 (total score range
0–110, higher scores represent worse symptoms). SNOT-22 items consist of the following
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2 categories: questions about physical symptoms (items 1–12) and questions about health
and QOL (items 13–22) [20–22].

Rhinitis Quality of Life Questionnaire (RQLQ)

The rhinoconjunctivitis quality of life questionnaire (RQLQ) measures the problems
that adults with rhinoconjunctivitis experience in their everyday lives. It has 28 questions
in 7 domains (activity limitation, sleep problems, nose symptoms, eye symptoms, non-
nose/eye symptoms, practical problems, and emotional function). Patients evaluated their
experience during the previous week by rating each answer from 0 (no impairment) to
6 (severe impairment) [23,24].

Combined Symptom Medication Score (CSMS)

CSMS is a combination of the daily symptom score (nasal and conjunctival symptoms)
and the daily medication score. It investigates the efficacy of allergic rhinitis treatment. In
2014, the EAACI Task Force for the standardization of clinical outcomes used in allergen
immunotherapy trials for allergic rhinoconjunctivitis provided a homogeneous terminology
for nasal and conjunctival symptoms using the six organ-related categories in the daily
symptom score (dSS), stepwise use of rescue medication summed in the daily medication
score (dMS) and a scoring system for a combined symptom and medication score (CSMS),
which is based on an equal weight of the dSS and of the dMS. Higher values indicate worse
conditions [25].

2.4. Statistical Analysis and Sample Size

Given the purely observational nature of the study, no a priori hypotheses were for-
mulated; therefore, a formal calculation of the sample size was not performed. A minimum
number of 30 patients to be enrolled was defined.

Continuous data were tested for normal distribution using the Kolmogorov-Smirnov
test. Normally distributed and skewed variables were expressed as mean ± standard
deviation (SD) and median (interquartile range), respectively. The categorical data were
presented as n (%). The paired Student’s t-test and Wilcoxon signed-rank test were em-
ployed for comparisons of outcome measurements before and after treatment. Regression
analysis was performed to investigate the best prediction of the dependent variables (QoL
questionnaires and olfactory test) based on the data set including eosinophilic blood count,
cytology, and anthropometric findings as independent variables. The β coefficient of
the linear regression analyses specifies how much the dependent variable changes for a
given change in each independent variable. The p-value < 0.05 was considered significant.
Statistical analysis was performed using Stata version 9 (StataCorp LLC, College Station,
TX, USA).

3. Results

Fifty patients fulfilling BSACI diagnostic criteria for NAR—symptoms of rhinitis
without any identifiable allergic triggers—and not enrolled in other trials with oral and/or
intranasal corticosteroids (INS), intranasal ipratropium, topical capsaicin, topical or oral
antihistamines and montelukast, were screened. During clinical work-up, 19 were excluded
as follows: 5 patients dropped out after 5 ± 1 weeks for reported subjective improvement
in symptoms and 4 patients did not return at T1 for the follow-up visit. Finally, 10 patients
dropped out without giving a reason. The remaining 31 subjects were included in the study.
Their demographic and clinical characteristics at baseline are detailed in Table 1.
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Table 1. The baseline socio-demographics and clinical characteristics of the participants.

Patients (n = 31)

Variables N %

Female gender 24 77
Age [mean ± SD ~ (range)] 45 (±13, 18–64)

BMI * [kg/m2, mean ± SD ~ (range)] 24 (±4, 17–35)
Social class
Employed 23 74.2

Unemployed 2 6.5
Housewife 2 6.5

Student 4 12.8
Active current smokers 4 12.9

Ex-smokers 6 19.4
Nonsmokers 21 67.7

Family history of allergy 13 42
Non-respiratory allergies 12 39

Food allergy 1 3 ’
NSAID † hypersensitivity 2 7 ’

Hymenoptera allergy 1 3 ’
ACD

∫
8 26 ’

SNAS ” 2 7 ’
Asthma 3 10

Total serum IgEs [kU/L, mean ± SD ~ (range)] 63 (±124, 3–691)
Previous nasal surgery 6 19

Eosinophils [n/µL, mean ± SD ~ (range)] 155 (±112, 30–500)
Specific IgE to Staphylococcus aureus enterotoxins

[kU/L, mean ± SD ~ (range)] 0

* BMI, body mass index. ~ SD, Standard Deviation. ’, % of total sample. † NSAID, non-steroidal anti-inflammatory
drugs.

∫
ACD, allergic contact dermatitis.” SNAS, systemic nickel allergy syndrome.

No adverse reactions or complications potentially attributable to nasal treatment
were recorded.

At baseline, 15 patients (48% of the total sample) had cytologic findings of NARNE;
3 patients (10%) with the NARES pattern; 1 patient (3%) with the NARMA pattern; the
NARESMA pattern was not found. Mucinous cells, evaluated as the ratio of the epithelial
cells and expressed as a percentage, were significantly revealed (more than 24% of cells
per 10 high power fields) in 6 patients. Finally, a normal nasal cytogram was found in the
remaining 6 patients.

As shown in Table 2, the mean PNIF value was low before starting treatment (80 L/min,
±34), an expression of relevant nasal obstruction. Instead, the results of SSIT-16 revealed
that almost all patients were normosmic, with only 5 hyposmic patients (mean value 12,
±2). As regards QoL, all questionnaires showed the relevant impact of NAR on patients’
well-being. In fact, the mean SF-36 value was 61 (±20, 22–91). The disease-specific QoL
surveys also confirmed poor condition. The median SNOT-22 score was 45 (range 11–93,
due to nonnormal distribution); the mean CSMS value was 3 (±1) and the mean RQLQ
score was 2.7 (±1.1).

After treatment with the second-generation intranasal corticosteroid (mometasone
furoate, 200 µg b.i.d. for 15 consecutive days per month for 6 consecutive months), plus iso-
tonic nasal saline, the frequency distribution of cytologic phenotypes significantly changed
for normal cytologic pattern (p = 0.0025, chi-square test), mucinous metaplasia (p = 0.0565,
chi-square test) and NARNE (p = 0.0185, chi-square test). This analysis was not applicable
to NARES, NARMA and NARESMA.
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Table 2. Change of outcome measurements after treatment.

Outcome Measurement At Baseline (T0) After Treatment (T1) p-Value of the Change

Peak Nasal Inspiratory Flow (PNIF)
[L/min., mean value, ±SD *] 80 [±34] 89 [±38] N.S. ’

Sniffin’ sticks-16 Identification test
(SSIT-16) [mean value, ±SD *] 12 [±2] 14 [±2] 0.0005 ’

SF-36 [mean value, ±SD *] 61 [±20] 65 [±20] N.S. ’
SNOT-22 [median value, range] 45 [11–93] 39 [2–82] 0.0015 †

RQLQ [mean value, ±SD *] 2.7 [±1.1] 2.3 [±1] 0.0412 ’
CSMS [mean value, ±SD *] 2.7 [±1.3] 3.3 [±1.1] 0.0543 ’

* SD, standard deviation. ’, evaluation of the change between pre- and post-treatment through paired Student’s
t-test due to normal distribution of the variables. †, evaluation of the change between pre- and post-treatment
through Wilcoxon signed-rank test due to non-normal distribution of the variable.

The intranasal corticosteroid treatment improved olfactory function (mean value of 14,
±2, p = 0.0005), SNOT-22 score (median value 39, 2–82, p = 0.0015) and RQLQ score (mean
value 2.3, ±1, p = 0.0412). No significant differences between the two measurements of
PNIF and SF-36 [Table 2].

The research of determinants of variation of outcome measurements started with the
evaluation of the frequency distribution of the change (delta) of each outcome measurement
significantly modified after treatment. Therefore, delta SSIT-16, delta SNOT-22, delta RQLQ
and delta CSMS were selected as dependent variables of linear regression models.

The significant improvement of RQLQ after treatment was directly related to the he
cytologic pattern of NARES at baseline (Coeff. 1.57, standard error 0.67, p = 0.0267) and
inversely related to BMI (Coeff. –0.12, standard error 0.05, p = 0.0207), adjusting for blood
eosinophilic count (linear regression model, p = 0.0281).

No other determinants were identified for the remaining changes in outcome
measurements.

4. Discussion

In this prospective study, we found that treatment with intranasal mometasone furoate,
200 µg b.i.d., for 15 consecutive days per month for 6 consecutive months, plus isotonic
nasal saline, significantly improved olfactory function and QoL in an Italian population of
patients with NAR and NARNE as the most frequent cytological pattern.

To date, NAR is a growing medical problem in terms of prevalence [26–30], impact on
patients’ quality of life [31–33] and health care costs [34,35].

Our study confirmed the female predominance described in the literature [36,37], but
did not confirm the anamnestic relationship with smoking, a well-known irritative agent
on the mucosa of the respiratory tract [38]. Consistent with the results robustly obtained by
Becker et al. in 2016 [39], we found no specific IgE to Staphylococcus aureus enterotoxins in
the sera of enrolled patients. Interestingly, our study confirmed the pioneering evidence
from Gelardi et al. of a relevant sensitization to metals in NAR even in the absence of
cutaneous lesions [40]. In fact, ACD was present in 8 enrolled patients and 2 patients also
suffered from SNAS.

Currently, topical corticosteroid therapy is one of the pillars of the management of
patients with NAR [29]. However, the small sample size, the variations in the dosages and
schedule of intranasal corticosteroid administration and the heterogeneity of the study
design partially explain the paucity of published meta-analyses and the low evidence
supporting the role of these drugs [29].

Mometasone furoate is a second-generation intranasal corticosteroid. In 2019,
Carvalho et al. compared its association with isotonic saline spray versus isotonic saline
spray alone in allergic rhinitis and NAR. The study design included a total daily dose of
200 µg for two weeks. The trial was focused on improvement in nasal patency evaluated by
PNIF and symptoms’ control measured with the combined nasal symptom score including
nasal blockage, sneezing, nasal itching and rhinorrhea evaluated with a VAS scale from 0 to
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10 (10 was worse). No superiority of association between nasal corticosteroid and isotonic
saline was found [41].

Previously, Lundblad et al. conducted a phase III, double-blind, randomized, placebo-
controlled, Nordic multicenter study enrolling 329 patients with NAR treated with mometa-
sone furoate (total daily dose of 200 µg) for six weeks. The authors showed that the drug
was safe and effective for patients with NAR [42].

In our pilot study, we used the same dosage as in previously mentioned trials, ex-
tending the period of treatment to 6 months as suggested in a recent meta-analysis [29].
Furthermore, we have provided a background therapy, represented by saline solution, in
order to guarantee constant irrigation and nasal hygiene during the entire study period
and not only during the phases of taking mometasone furoate. Finally, we expanded
the outcomes by incorporating both objective measures of nasal respiratory (PNIF) and
olfactory (SSIT-16) functions and self-reported outcomes regarding the impact of therapy
on QoL (SF-36, SNOT-22, RQLQ and CSMS).

The initial endotypization of patients according to nasal cytology revealed a predomi-
nance of NARNE.

To the best of our knowledge, this is the first real-life study showing positive effects
of mometasone furoate, 200 µg b.i.d. for 15 consecutive days per month for 6 consecutive
months, plus isotonic nasal saline, on olfactory function (SSIT-16) and health-related QoL
evaluated through disease-specific questionnaires (SNOT-22, RQLQ and CSMS). Our re-
sults confirm previous evidence that QoL is significantly impaired in patients with NAR,
especially in the case of the NARES pattern [31].

Notably, the evaluation of the determinants of change of outcome measurements
significantly modified after local steroid treatment revealed a predictive role of cytologic
NARES pattern at baseline for the improvement of RQLQ. Furthermore, an inverse re-
lationship with BMI was found, independently of the blood eosinophilic count. We can
speculate that the predictive role of the NARES endotype could be partially explained by
multiple similarities with well-characterized type 2 diseases, such as eosinophilic asthma
and chronic rhinosinusitis with nasal polyps (CRSwNP), conditions that are generally well
corticosteroid-responsive [11].

This study has some weaknesses. The following major criticism could be made of
the sample size and the drop-out rate: 19 of 51 patients (37%) dropped out of the study.
The main reason given by the patients who dropped out of the study was the subjective
improvement in symptoms after a few weeks of treatment. Secondly, due to the purely
observational nature of the trial, we did not compare the treatment with mometasone
furoate plus isotonic nasal saline versus placebo/other control arms. We preferred to
perform a broad multidisciplinary evaluation for each enrolled patient, identifying the
specific endotype, using appropriate diagnostic methods (SPTs, blood testing for specific
IgE in serum) and proper ear–nose–throat (ENT) assessment. Furthermore, we focused our
attention on outcomes important to patients with NAR, adopted validated tools to measure
them and defined a relatively long study period, as suggested in a recent review by the
Cochrane ENT group [29].

5. Conclusions

This study enriches the literature on the efficacy of intranasal corticosteroid therapy
with mometasone furoate in patients with nonallergic rhinitis.

Author Contributions: Conceptualization, A.R., E.D.C. and R.I.; methodology, R.I.; formal analysis,
A.R., G.P. (Giuseppe Parrinello) and R.I.; investigation, A.R., G.P. (Giuseppe Parrinello), L.T., C.L.,
M.C., A.D.R., G.C.P. and E.D.C.; data curation, G.P. (Giuseppe Parrinello) and E.N.; writing—original
draft preparation, A.R., M.C., A.D.R., E.D.C. and R.I.; supervision, G.C., G.P. (Gaetano Paludetti), J.G.
and E.N.; project administration, E.N. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.



J. Pers. Med. 2022, 12, 1179 9 of 10

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Fondazione Policlinico Universitario A. Gemelli
IRCCS, Rome, Italy (protocol code: ID 3744, December 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Liva, G.A.; Karatzanis, A.D.; Prokopakis, E.P. Review of Rhinitis: Classification, Types, Pathophysiology. J. Clin. Med. 2021,

10, 3183. [CrossRef] [PubMed]
2. Papadopoulos, N.G.; Guibas, G.V. Rhinitis Subtypes, Endotypes, and Definitions. Immunol. Allergy Clin. N. Am. 2016, 36, 215–233.

[CrossRef]
3. Avdeeva, K.S.; Fokkens, W.J.; Segboer, C.L.; Reitsma, S. The Prevalence of Non-Allergic Rhinitis Phenotypes in the General

Population: A Cross-Sectional Study. Allergy 2022, 77, 2163–2174. [CrossRef] [PubMed]
4. Hellings, P.W.; Klimek, L.; Cingi, C.; Agache, I.; Akdis, C.; Bachert, C.; Bousquet, J.; Demoly, P.; Gevaert, P.; Hox, V.; et al.

Non-Allergic Rhinitis: Position Paper of the European Academy of Allergy and Clinical Immunology. Allergy 2017, 72, 1657–1665.
[CrossRef] [PubMed]

5. Avdeeva, K.S.; Reitsma, S.; Fokkens, W.J. Direct and Indirect Costs of Allergic and Non-Allergic Rhinitis in The Netherlands.
Allergy 2020, 75, 2993–2996. [CrossRef]

6. Gelardi, M.; Fiorella, M.L.; Russo, C.; Fiorella, R.; Ciprandi, G. Role of Nasal Cytology. Int. J. Immunopathol. Pharm. 2010, 23,
45–49.

7. Gelardi, M.; Iannuzzi, L.; Quaranta, N.; Landi, M.; Passalacqua, G. NASAL Cytology: Practical Aspects and Clinical Relevance.
Clin. Exp. Allergy 2016, 46, 785–792. [CrossRef]

8. Mullarkey, M.F.; Hill, J.S.; Webb, D.R. Allergic and Nonallergic Rhinitis: Their Characterization with Attention to the Meaning of
Nasal Eosinophilia. J. Allergy. Clin. Immunol. 1980, 65, 122–126. [CrossRef]

9. Ellis, A.K.; Keith, P.K. Nonallergic Rhinitis with Eosinophilia Syndrome. Curr. Allergy Asthma Rep. 2006, 6, 215–220. [CrossRef]
10. Gelardi, M.; Landi, M.; Ciprandi, G. The Pragmatic Role of Nasal Cytology: A Point-of-Care Testing to Implement Precision

Medicine in Clinical Practice. Rev. Alerg. Mex. 2018, 65, 259–263. [CrossRef] [PubMed]
11. De Corso, E.; Seccia, V.; Ottaviano, G.; Cantone, E.; Lucidi, D.; Settimi, S.; Di Cesare, T.; Galli, J. Clinical Evidence of Type 2

Inflammation in Non-Allergic Rhinitis with Eosinophilia Syndrome: A Systematic Review. Curr. Allergy Asthma Rep. 2022, 22,
29–42. [CrossRef]

12. Meng, Y.; Yan, B.; Wang, Y.; Wu, D.; Zhang, L.; Wang, C. Diagnosis and Management of Nonallergic Rhinitis with Eosinophilia
Syndrome Using Cystatin SN Together with Symptoms. World Allergy Organ. J. 2020, 13, 100134. [CrossRef]

13. Yum, H.Y.; Ha, E.K.; Shin, Y.H.; Han, M.Y. Prevalence, Comorbidities, Diagnosis, and Treatment of Nonallergic Rhinitis:
Real-World Comparison with Allergic Rhinitis. Clin. Exp. Pediatr. 2020, 64, 373–383. [CrossRef]

14. Van Drunen, C.; Meltzer, E.O.; Bachert, C.; Bousquet, J.; Fokkens, W.J. Nasal Allergies and beyond: A Clinical Review of the
Pharmacology, Efficacy, and Safety of Mometasone Furoate. Allergy 2005, 60 (Suppl. 80), 5–19. [CrossRef]

15. Bousquet, J.; Heinzerling, L.; Bachert, C.; Papadopoulos, N.G.; Bousquet, P.J.; Burney, P.G.; Canonica, G.W.; Carlsen, K.H.; Cox, L.;
Haahtela, T.; et al. Practical Guide to Skin Prick Tests in Allergy to Aeroallergens. Allergy 2012, 67, 18–24. [CrossRef] [PubMed]

16. Lund, V.J.; Kennedy, D.W. Quantification for Staging Sinusitis. 1995. Available online: https://journals.sagepub.com/doi/abs/10
.1177/000348949510410s02 (accessed on 30 June 2022).

17. Scadding, G.; Hellings, P.; Alobid, I.; Bachert, C.; Fokkens, W.; van Wijk, R.G.; Gevaert, P.; Guilemany, J.; Kalogjera, L.;
Lund, V.; et al. Diagnostic Tools in Rhinology EAACI Position Paper. Clin. Transl. Allergy 2011, 1, 2. [CrossRef] [PubMed]

18. Hummel, T.; Whitcroft, K.L.; Andrews, P.; Altundag, A.; Cinghi, C.; Costanzo, R.M.; Damm, M.; Frasnelli, J.; Gudziol, H.;
Gupta, N.; et al. Position Paper on Olfactory Dysfunction. Rhinol. Suppl. 2017, 54, 1–30. [CrossRef] [PubMed]

19. Apolone, G.; Mosconi, P. The Italian SF-36 Health Survey: Translation, Validation and Norming. J. Clin. Epidemiol. 1998, 51,
1025–1036. [CrossRef]

20. Morley, A.D.; Sharp, H.R. A Review of Sinonasal Outcome Scoring Systems—Which Is Best? Clin. Otolaryngol. 2006, 31, 103–109.
[CrossRef]

21. Hopkins, C.; Gillett, S.; Slack, R.; Lund, V.J.; Browne, J.P. Psychometric Validity of the 22-Item Sinonasal Outcome Test. Clin.
Otolaryngol. 2009, 34, 447–454. [CrossRef]

22. Abdalla, S.; Alreefy, H.; Hopkins, C. Prevalence of Sinonasal Outcome Test (SNOT-22) Symptoms in Patients Undergoing Surgery
for Chronic Rhinosinusitis in the England and Wales National Prospective Audit. Clin. Otolaryngol. 2012, 37, 276–282. [CrossRef]
[PubMed]

23. Juniper, E.F.; Riis, B.; Juniper, B.A. Development and Validation of an Electronic Version of the Rhinoconjunctivitis Quality of Life
Questionnaire. Allergy 2007, 62, 1091–1093. [CrossRef] [PubMed]

http://doi.org/10.3390/jcm10143183
http://www.ncbi.nlm.nih.gov/pubmed/34300349
http://doi.org/10.1016/j.iac.2015.12.001
http://doi.org/10.1111/all.15223
http://www.ncbi.nlm.nih.gov/pubmed/35038765
http://doi.org/10.1111/all.13200
http://www.ncbi.nlm.nih.gov/pubmed/28474799
http://doi.org/10.1111/all.14457
http://doi.org/10.1111/cea.12730
http://doi.org/10.1016/0091-6749(80)90196-7
http://doi.org/10.1007/s11882-006-0037-0
http://doi.org/10.29262/ram.v65i3.373
http://www.ncbi.nlm.nih.gov/pubmed/30176204
http://doi.org/10.1007/s11882-022-01027-0
http://doi.org/10.1016/j.waojou.2020.100134
http://doi.org/10.3345/cep.2020.00822
http://doi.org/10.1111/j.1398-9995.2005.00917.x
http://doi.org/10.1111/j.1398-9995.2011.02728.x
http://www.ncbi.nlm.nih.gov/pubmed/22050279
https://journals.sagepub.com/doi/abs/10.1177/000348949510410s02
https://journals.sagepub.com/doi/abs/10.1177/000348949510410s02
http://doi.org/10.1186/2045-7022-1-2
http://www.ncbi.nlm.nih.gov/pubmed/22410181
http://doi.org/10.4193/Rhino16.248
http://www.ncbi.nlm.nih.gov/pubmed/29528615
http://doi.org/10.1016/S0895-4356(98)00094-8
http://doi.org/10.1111/j.1749-4486.2006.01155.x
http://doi.org/10.1111/j.1749-4486.2009.01995.x
http://doi.org/10.1111/j.1749-4486.2012.02527.x
http://www.ncbi.nlm.nih.gov/pubmed/22776038
http://doi.org/10.1111/j.1398-9995.2007.01370.x
http://www.ncbi.nlm.nih.gov/pubmed/17521314


J. Pers. Med. 2022, 12, 1179 10 of 10

24. Juniper, E.F.; Guyatt, G.H. Development and Testing of a New Measure of Health Status for Clinical Trials in Rhinoconjunctivitis.
Clin. Exp. Allergy 1991, 21, 77–83. [CrossRef]

25. Pfaar, O.; Demoly, P.; Gerth van Wijk, R.; Bonini, S.; Bousquet, J.; Canonica, G.W.; Durham, S.R.; Jacobsen, L.; Malling, H.J.;
Mösges, R.; et al. Recommendations for the Standardization of Clinical Outcomes Used in Allergen Immunotherapy Trials for
Allergic Rhinoconjunctivitis: An EAACI Position Paper. Allergy 2014, 69, 854–867. [CrossRef] [PubMed]

26. Bousquet, J.; Fokkens, W.; Burney, P.; Durham, S.R.; Bachert, C.; Akdis, C.A.; Canonica, G.W.; Dahlen, S.-E.; Zuberbier, T.;
Bieber, T.; et al. Important Research Questions in Allergy and Related Diseases: Nonallergic Rhinitis: A GA2LEN Paper. Allergy
2008, 63, 842–853. [CrossRef]

27. Bousquet, J.; Khaltaev, N.; Cruz, A.A.; Denburg, J.; Fokkens, W.J.; Togias, A.; Zuberbier, T.; Baena-Cagnani, C.E.; Canonica, G.W.;
van Weel, C.; et al. 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]

28. Bachert, C.; Jorissen, M.; Bertrand, B.; Khaltaev, N.; Bousquet, J. Allergic Rhinitis and Its Impact on Asthma Update (ARIA 2008).
The Belgian Perspective. Acta Oto-Rhino-Laryngol. Belg. 2008, 4, 253–257.

29. Segboer, C.; Gevorgyan, A.; Avdeeva, K.; Chusakul, S.; Kanjanaumporn, J.; Aeumjaturapat, S.; Reeskamp, L.F.; Snidvongs, K.;
Fokkens, W. Intranasal Corticosteroids for Non-allergic Rhinitis. Cochrane Database Syst. Rev. 2019, 2019, CD010592. [CrossRef]

30. Fokkens, W.J. Thoughts on the Pathophysiology of Nonallergic Rhinitis. Curr. Allergy Asthma Rep. 2002, 2, 203–209. [CrossRef]
31. Gelardi, M.; Maselli Del Giudice, A.; Fiorella, M.L.; Soleti, P.; Di Gioacchino, M.; Conti, C.M.; Fulcheri, M.; Doyle, R.; Ciprandi, G.

Quality of Life in Non-Allergic Rhinitis Depends on the Predominant Inflammatory Cell Type. J. Biol. Regul. Homeost Agents 2008,
22, 73–81.

32. Hellgren, J. Quality of Life in Nonallergic Rhinitis. Clin. Allergy Immunol. 2007, 19, 383–387. [PubMed]
33. Segboer, C.L.; Terreehorst, I.; Gevorgyan, A.; Hellings, P.W.; van Drunen, C.M.; Fokkens, W.J. Quality of Life Is Significantly

Impaired in Nonallergic Rhinitis Patients. Allergy 2018, 73, 1094–1100. [CrossRef] [PubMed]
34. Li, X.; Xu, X.; Li, J.; Huang, Y.; Wang, C.; Zhang, Y.; Zhang, L. Direct and Indirect Costs of Allergic and Non-Allergic Rhinitis to

Adults in Beijing, China. Clin. Transl. Allergy 2022, 12, e12148. [CrossRef] [PubMed]
35. Marcellusi, A.; Viti, R.; Incorvaia, C.; Mennini, F.S. Direct and indirect costs associated with respiratory allergic diseases in Italy.

A probabilistic cost of illness study. Recenti Prog. Med. 2015, 106, 517–527. [CrossRef]
36. Mølgaard, E.; Thomsen, S.F.; Lund, T.; Pedersen, L.; Nolte, H.; Backer, V. Differences between Allergic and Nonallergic Rhinitis in

a Large Sample of Adolescents and Adults. Allergy 2007, 62, 1033–1037. [CrossRef]
37. Knudsen, T.B.; Thomsen, S.F.; Nolte, H.; Backer, V. A Population-Based Clinical Study of Allergic and Non-Allergic Asthma.

J. Asthma 2009, 46, 91–94. [CrossRef]
38. Van Rijswijk, J.B.; Blom, H.M.; Fokkens, W.J. Idiopathic Rhinitis, the Ongoing Quest. Allergy 2005, 60, 1471–1481. [CrossRef]
39. Becker, S.; Rasp, J.; Eder, K.; Berghaus, A.; Kramer, M.F.; Gröger, M. Non-Allergic Rhinitis with Eosinophilia Syndrome Is Not

Associated with Local Production of Specific IgE in Nasal Mucosa. Eur. Arch. Otorhinolaryngol. 2016, 273, 1469–1475. [CrossRef]
40. Gelardi, M.; Guarino, R.; Taliente, S.; Quaranta, N.; Carpentieri, A.; Passalacqua, G. Allergic and Nonallergic Rhinitis and Skin

Sensitization to Metals: Is There a Link? Eur. Ann. Allergy Clin. Immunol. 2017, 49, 106–109.
41. Carvalho: Mometasone Furoate Plus Isotonic Nasal . . . —Google Scholar. Available online: https://scholar.google.com/scholar_

lookup?title=Mometasone+furoate+plus+isotonic+nasal+saline+versus+isotonic+nasal+saline+alone+in+geriatric+chronic+
rhinitis:+an+open%E2%80%90label,+active+comparator,+randomized+trial+&author=V+Carvalho&author=B+Olej&author=
JR+Moraes&author=JL+Boechat&publication_year=2019&hl=en (accessed on 28 June 2022).

42. Lundblad, L.; Sipilä, P.; Farstad, T.; Drozdziewicz, D. Mometasone Furoate Nasal Spray in the Treatment of Perennial Non-Allergic
Rhinitis: A Nordic, Multicenter, Randomized, Double-Blind, Placebo-Controlled Study. Acta Otolaryngol. 2001, 121, 505–509.
[CrossRef]

http://doi.org/10.1111/j.1365-2222.1991.tb00807.x
http://doi.org/10.1111/all.12383
http://www.ncbi.nlm.nih.gov/pubmed/24761804
http://doi.org/10.1111/j.1398-9995.2008.01715.x
http://doi.org/10.1111/j.1398-9995.2007.01620.x
http://doi.org/10.1002/14651858.CD010592.pub2
http://doi.org/10.1007/s11882-002-0020-3
http://www.ncbi.nlm.nih.gov/pubmed/17153028
http://doi.org/10.1111/all.13356
http://www.ncbi.nlm.nih.gov/pubmed/29131364
http://doi.org/10.1002/clt2.12148
http://www.ncbi.nlm.nih.gov/pubmed/35441003
http://doi.org/10.1701/2032.22086
http://doi.org/10.1111/j.1398-9995.2007.01355.x
http://doi.org/10.1080/02770900802524657
http://doi.org/10.1111/j.1398-9995.2005.00975.x
http://doi.org/10.1007/s00405-015-3769-4
https://scholar.google.com/scholar_lookup?title=Mometasone+furoate+plus+isotonic+nasal+saline+versus+isotonic+nasal+saline+alone+in+geriatric+chronic+rhinitis:+an+open%E2%80%90label,+active+comparator,+randomized+trial+&author=V+Carvalho&author=B+Olej&author=JR+Moraes&author=JL+Boechat&publication_year=2019&hl=en
https://scholar.google.com/scholar_lookup?title=Mometasone+furoate+plus+isotonic+nasal+saline+versus+isotonic+nasal+saline+alone+in+geriatric+chronic+rhinitis:+an+open%E2%80%90label,+active+comparator,+randomized+trial+&author=V+Carvalho&author=B+Olej&author=JR+Moraes&author=JL+Boechat&publication_year=2019&hl=en
https://scholar.google.com/scholar_lookup?title=Mometasone+furoate+plus+isotonic+nasal+saline+versus+isotonic+nasal+saline+alone+in+geriatric+chronic+rhinitis:+an+open%E2%80%90label,+active+comparator,+randomized+trial+&author=V+Carvalho&author=B+Olej&author=JR+Moraes&author=JL+Boechat&publication_year=2019&hl=en
https://scholar.google.com/scholar_lookup?title=Mometasone+furoate+plus+isotonic+nasal+saline+versus+isotonic+nasal+saline+alone+in+geriatric+chronic+rhinitis:+an+open%E2%80%90label,+active+comparator,+randomized+trial+&author=V+Carvalho&author=B+Olej&author=JR+Moraes&author=JL+Boechat&publication_year=2019&hl=en
http://doi.org/10.1080/000164801300366679

	Introduction 
	Materials and Methods 
	Study Design and Protocol 
	Procedures 
	Skin Prick Tests (SPTs) and IgE 
	Endoscopic Evaluation 

	Outcome Measurements 
	Nasal Cytology 
	Peak Nasal Inspiratory Flow (PNIF) 
	Olfactory Evaluation 
	Questionnaires 

	Statistical Analysis and Sample Size 

	Results 
	Discussion 
	Conclusions 
	References

