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Abstract
Background: Non-allergic Rhinitis (NAR) afflicts a broad group of
patients and lacks sufficient treatment options. Kinetic Oscillation
Stimulation (KOS) of the nasal cavity might improve symptoms in
NAR.
Objective: To evaluate the change from baseline in weekly mean Total Vasomotor Rhinitis Symptoms and Medication Score (TVRSMS)
at week 4 after the treatment between KOS treatment compared to
placebo.
Methods: Data from a previously published paper on KOS treatment in NAR patients were analyzed through a per-protocol analysis
which included 124 subjects (64 treated, 60 placebo). The TVRSMS
after 4 weeks was the primary outcome measure. A subgroup-analysis was performed based on Local Vasoconstrictor Abuse (LVA).
Results: KOS resulted in a significant reduction of TVRSMS after 4 weeks compared to placebo with change in baseline of -0.8
(p<0.05). In the subgroup analysis, stopping local vasoconstrictor
abuse showed a significant reduction in TVRSMS (change from
baseline: -1.1) which was additive to the KOS effect (change from
baseline in those stopping LVA + KOS: -1.6). A mixed model analysis
showed that KOS treatment significantly reduced TVRSMS in the
NAR population, though the effect of LVA did not reach significance.
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Conclusion: A single KOS treatment appears to reduce TVRSMS
compared to placebo after 4 weeks. Stopping local vasoconstrictor
abuse has a comparable effect. Future double-blind studies should
be performed to ascertain these findings.
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Abbreviations
CIP – Clinical investigator plan
EAACI – European Academy of Allergy and Clinical Immunology
ITT – Intention to treat analysis
KOS – Kinetic oscillation stimulation
LAR – Local allergic rhinitis
LVA – Local vasoconstrictor abuse
MCID – Minimal clinically important difference
NAR – Non-allergic rhinitis
NARES – Non-allergic rhinitis with eosinophilia syndrome
PNIF – Peak nasal inspiratory flow
PP – Per protocol
PPAS – Per protocol analysis set
SNOT-22 – Sino-nasal outcome test-22
TNSS – Total nasal symptom score
TRPV - Transient receptor potential vanilloid
TVRSS – Total vasomotor rhinitis symptom score
TVRSMS – Total vasomotor rhinitis symptom and medication score

Background
Non-allergic Rhinitis (NAR) affects approximately 200 million
people worldwide [1] and is characterized by the presence of nasal
congestion, rhinorrhea, sneezing and itching in the absence of allergy
and infection [2]. Two nasal symptoms should be present for at least
1 hour daily for a minimum of 12 weeks per year [1,2]. The only objective way to diagnose NAR is the use of cold dry air but this is not
usually performed in daily practice [3-5].
There are several phenotypes of NAR: occupational, smokers,
gustatory, hormonal (including pregnancy rhinitis), senile or elderly,
drug-induced (e.g. by β-blockers, oral contraceptives, phosphodiesterase type 5 inhibitors), rhinitis medicamentosa, local allergic, and
idiopathic rhinitis [2].
Rhinitis medicamentosa is caused by overuse of topical nasal
decongestants. The exact duration of local decongestants usage that
might lead to this condition is not conclusively determined yet, but it is
commonly regarded that the risk of overuse increases after 7-10 days
of continuous use [6]. With prolonged use, alpha-adrenergic receptors
become refractory to stimulation and nasal obstruction becomes even
worse with the use of local decongestants due to rebound swelling.
Mucosal changes due to prolonged use of topical decongestants were
demonstrated, including loss of ciliated cells in the nasal epithelium,
and gaps and ruptures of basal lamina of vascular endothelium which
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may lead to an increased vascular permeability with consecutive interstitial edema [7]. The main treatment is the discontinuation of topical decongestants use, after which complaints normalize. There are,
to our knowledge, no (sound) data on the reversibility of mucosal
changes nor on the time-frame involved.
Inflammatory and neurogenic endotypes are described for NAR,
although at the moment there is no tool to routinely differentiate between them. Inflammatory endotypes include Non-allergic Rhinitis
with Eosinophilia Syndrome (NARES) and Local Allergic Rhinitis
(LAR) [8,9]. An anti-inflammatory treatment (i.e., nasal corticosteroids) may be more effective in inflammatory subtypes, although currently there is no hard evidence [10].
Neurogenic endotypes include senile, gustatory, (some forms of)
occupational, and Idiopathic Rhinitis (IR). The latter group is the largest, as it encompasses 50% of NAR patients [2]. More than half of IR
patients experience nasal hyperre activity [11] – overall hyper responsiveness to non-specific stimuli in daily life (e.g. smoke, temperature
changes, strong odors) or non-specific agents applied in the nose [12].
It is currently hypothesized that in neurogenic endotypes of NAR the
balance between the sympathetic and parasympathetic innervation of
the nasal mucosa is shifted towards the parasympathetic side [9,13].
Moreover, so-called neurogenic inflammation might play a role, [13]
leading to increased release of inflammatory neuropeptides from unmyelinated sensory C-fibers, such as substance P [14], calcitonin gene
related peptide [15], and neurokinin A and B [14].
A new treatment option that possibly influences neuro-regulation
is called Kinetic Oscillation Stimulation (KOS). KOS is performed
with a balloon that is inserted into the patient’s nose, is inflated and
conducts mechanical oscillations with frequencies up to 68 Hz. This
might influence the neurogenic balance at the level of the nasal mucosa, as it abundantly expresses Transient Receptor Potential Vanilloid
(TRPV) channels [16,17], which are known to have mechanosensory
properties (especially TRPV4) [18].
Indeed, a randomized control trial using KOS in NAR patients
showed a positive effect on nasal obstruction compared to placebo,
mainly in the first week after treatment [19].

Methods
The current paper focuses on the Per-protocol (PP) analysis of the
first study of KOS in NAR patients. Intention-to-treat analysis of the
study was previously published [20]. Per-protocol analysis of the data
is sensible due to the fact that a large proportion of patients (n=32 on
a total of 207 subjects) that did not meet inclusion criteria (nasal congestion symptom score median ≥ 2) and were accidentally included
in this study. The current Per-protocol Analysis Set (PPAS) includes
subsets of patients that fulfilled the following criteria: do not have any
other major Clinical Investigator Plan (CIP) violations which will affect the assessment of efficacy/performance (e.g. treatment not given
according to CIP, nasal congestion score median was not ≥2, no week
4 assessments available); have available primary endpoint data, have
full duration of study treatment (i.e. ten continuous minutes of treatment per nostril with a maximum of 5 minutes break between nostrils). Participants suffering from rhinitis medicamentosa were asked
to discontinue local decongestants use after the first treatment. Participants, who used local decongestants on more than 4 days during the
first four weeks after the treatment, were also removed from PPAS.
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Applying these criteria to the 207 patients included in the study, 124
could be included into the PPAS (for reasons of exclusion see Table
1).
Reasons for exclusion for PPAS

Number of patients

Did not meet inclusion criteria

32*

No week 4 assessment available

5*

Treatment not given according to CIP

2*

Low treatment group (originally planned as placebo)

40

Failed to discontinue local vasoconstrictors

6

Subjects randomized by mistake

1

Table 1: Reasons for exclusion for PPAS.
*two major violations were reported for two subjects. PPAS – Per-protocol
analysis set, CIP – Clinical investigator’s plan

Trial design
This was a multicenter, randomized study conducted in Sweden at
six sites between April 2013 and August 2014. The original study design has been described in the Intention-to-treat (ITT) analysis [20].
For the PP analysis we only included patients receiving high frequency KOS treatment by means of mechanical pressure and oscillations
at frequency of 68 Hz versus presumed placebo.

Participants
Participants were recruited from ENT practices and from advertisements. The study was approved by Regional Independent Ethical
Committee in Stockholm on 20 March 2013. Informed consent was
obtained from every participant prior to performing any investigation-related procedures.
Eligible participants were all adults between 18 and 65 years old
who had symptoms of non-allergic rhinitis dominated by nasal congestion (median weekly score 2 or higher) ± secretion for an average
of at least 1 h per day for at least 12 weeks per year [1,20]. Exclusion
criteria were pregnancy, presence of allergic rhinitis or ongoing upper
respiratory tract infections, the use of systemic steroids in less than
4 weeks before the inclusion in the study, a history of nasal surgery,
nose bleeds or a condition that increases the risk of excessive bleeding; pronounced anterior septal deviation or other significant nasal pathology at endoscopic examination, current malignancy of any kind,
known allergy to polyvinylchloride or medical liquid paraffin, any
implant and/or neurostimulator device; radiotherapy in head and neck
region in the past.

KOS treatment
The kinetic oscillation system consists of a single-use catheter
with a silicone balloon and a base unit, which inflates the balloon and
creates oscillations. The balloon was covered with medicinal paraffin
or gel and inserted into participant’s nasal cavity subsequently in each
nostril. For the verum treatment the balloon was inflated to create
the pressure of 65 mbar and vibrated at frequency of 68 Hz (pressure
amplitude of 100 mbar). In the placebo group the balloon was not
inflated nor did it produce any oscillations. The duration of the treatment was 10 minutes for each side. No local anesthetic or vasoconstrictor was performed in connection to the treatment.
Volume 6 • Issue 1 • 100042
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Randomization
Block randomization was performed using computer-generated
list of random letters A-F (ViedocTM) with a block size of 6. Each subject received a randomization letter (A, B, C, D, E or F). The catheter
was connected by an operator to a socket (A-F) according to randomization letter, which determined the treatment subject received and
then dipped into paraffin or gel and placed in the participant’s nostril.

Rescue and concomitant medication
Participants of the study were allowed to use oral decongestant
(phenylpropanolamine) as rescue medication. Subjects using concomitant medications (other than the rescue medication) for rhinitis,
e.g. nasal steroids, were advised to remain on stable dose (no change
in amount, dose or brand) from the screening visit up to the end of
participation in the investigation.

Outcomes
Total vasomotor rhinitis symptoms score (TVRSS) and total vasomotor rhinitis and medication symptom score
Patients reported on the severity of their symptoms daily in the
morning: nasal congestion, rhinorrhea, postnasal drip and sneezing
(scale 0-3) in the previous 24 hours. The scores of these four symptoms were added up to a TVRSS (scale 0-12). If a participant used
rescue medication, a score of 3 was added to the TVRSS, as rescue
medication might lower the nasal congestion by a maximum of 3.
In this way, the Total Vasomotor Rhinitis and Medication Symptom
Score (TVRSMS) was composed, which was used for the final analysis.
The primary endpoint was the change from baseline in weekly
mean TVRSMS at week 4 after the treatment between KOS treatment
compared to placebo.
The first secondary endpoint was the change in weekly mean
TVRSMS in the first 4 weeks after the treatment between KOS treatment and placebo.
Other secondary endpoints were the change in uncorrected for
rescue medication TVRSS values, the change in nasal domain of the
Sinonasal Outcome Test (SNOT-22) and PNIF at week 4 after the
treatment between KOS treatment and placebo. Moreover, the same
analysis was done with division in 4 groups based on treatment and
the (stopping of) the abuse of local vasoconstrictors. Data on rescue
medication use is presented as well.
Adverse events were registered and reported in the first paper [20].
Most common adverse events were temporary (increased tear and nasal secretion and sneezing). One participant had epistaxis and one had
a serious adverse event (stroke), which was judged as being unrelated
to the study.

Statistical analysis
Weekly mean TVRSMS and TVRSSwere calculated for baseline
(week before KOS treatment) and in the four weeks after treatment.
Change from baseline for TVRSMS, TVRSS, PNIF, and nasal domain
of SNOT-22 were evaluated for normality when groups were smaller
than 50 by graphical assessment of histograms and Q-Q plots. Some
of the variables were not normally distributed. Therefore, both means
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with standard deviations and medians with interquartile ranges are reported for the subgroup analysis. Depending on normality non-parametric (Kruskall-Wallis/Mann-Whitney), or parametric (ANOVA/
t-test) testing was used. Participants who used rescue medication
on 5 occasions or more after the treatment are presented in numbers
and percentages. Finally, in order to account for repeated measures,
TVRSMS was analyzed on the basis of a general linear mixed model
with group (KOS or placebo) as a fixed effect and time as a repeated measure (weekly mean TVRSMS for patients for weeks 1-4 after
the treatment). Vasoconstriction abuse and baseline TVRSMS were
included as fixed covariates. We could not assume normality for the
small groups (n = 13 and n=14) stopping local vasoconstriction abuse
and placebo treatment, but we assumed this would have limited effect
on the validity of the model. The model was used with unstructured
covariance type and restricted maximum likehood estimation. A random intercept was not included in the model. P-values <0.05 were
considered statistically significant.
Clinical meaningful differences have not been described for
TVRS(M)S in idiopathic rhinitis. The best estimates are the differences measured in Total Nasal Symptoms Scores (TNSS) in allergic
rhinitis. A difference of more than 0.55 units on the TNSS and a 5
L/min change in peak nasal inspiratory flow is considered clinically
meaningful (deﬁned as the Minimal Clinically Important Difference
[MCID] [21]). For the nasal domain of the SNOT-22 a MCID of 3.8
was considered clinically meaningful in patients with chronic rhinosinusitis [22].

Results
Patients
124 patients were included in this per protocol analysis, 64 in the
KOS treatment group and 60 in the placebo group. Reasons for exclusion from per protocol analysis are given in table 1. Baseline characteristics of the study subjects are presented in table 2. There were
no significant differences between the treatment and placebo group
at baseline.
A significant subgroup of patients used Local Vasoconstrictors
(LVA) when they entered the trial (13 in the verum and 14 in the
placebo group). Patients were advised to stop the LVA treatment after receiving the KOS treatment and 27 of the patients abusing LVA
indicated that they stopped the use of LVA after receiving the KOS
treatment (2 reported using it 2-3 times in 4 weeks). Five subjects
from LVA subgroup and one subject from non-LVA subgroup used
local decongestants on 9-28 occasions after the first treatment, and
were removed from per protocol analysis set.
KOS treatment (n=64)

Placebo (n=60)

Age (years)

Mean, SD

46.7±12.6

46.1±13.8

Gender (female)

N, %

35 (54.7%)

27 (45.0%)
4.0±1.5

TVRSS

Mean, SD

4.2±1.7

TVRSMS

Mean, SD

4.3±1.7

4.0±1.6

SNOT-22, nasal domain

Mean, SD

13.8±5.1

12.4±4.9

PNIF, [L/min]

Mean, SD

123.8±48.3

133.0±47.2

Table 2: Baseline characteristics.
KOS – Kinetic oscillation stimulation, TVRSS – Total vasomotor rhinitis
symptom score, TVRSMS – Total vasomotor rhinitis symptom and medication score, SNOT-22 – Sino-nasal outcome test 22, PNIF – Peak nasal
inspiratory flow.
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There was a significant and clinical meaningful reduction in
change from baseline of the TVRSMS, TVRSS and in the nasal domain of the SNOT-22 over time in the KOS treated group compared
to placebo four weeks after the treatment (see Table 3). Regarding
the TVRSS subscores, there was significant improvement of nasal
congestion (p=0.005) and rhinorrhea (0.035).The number of rescue
medication users was not significantly different between the groups.
KOS treatment
(n=64)

Placebo
(n=60)

p-value

TVRSS

Mean, SD

-0.9±1.4

-0.3±1.6

0.017

Number of rescue
medication users

N, %

5 (8%)

7 (12%)

0.468

TVRSMS

Mean, SD

-0.8±1.6

-0.2±1.6

0.035

SNOT-22, nasal domain

Mean, SD

-3.7±4.3

-0.3±4.0

<0.001

PNIF, [L/min]

Mean, SD

7.6±34.5

8.4±44.2

0.903

of nasal domain of SNOT-22 of both KOS subgroups compared to
placebo-treated group that did not suffer abuse local decongestants
(Table 4).

Table 3: Symptoms scores and PNIF change from baseline at 4 weeks.
KOS – Kinetic oscillation stimulation, TVRSS – Total vasomotor rhinitis
symptom score, TVRSMS – Total vasomotor rhinitis symptom and medication score, SNOT-22 – Sino-nasal outcome test 22, PNIF – Peak nasal
inspiratory flow

A relatively large group of patients used local vasoconstrictors prior to treatment allocation (27/124 subjects; 22%). To check whether
part of the reduction in TVRSMS could be caused by stopping the
use of local vasoconstrictors, the TVRSMS change from baseline at
4 weeks was compared between LVA and non-LVA users. Interestingly, the TVRSMS change from baseline at 4 weeks wassignificantly
bigger in the group that stopped LVA (-1.1±1.9) compared to nonLVA group (-0.4±1.6), irrespective of treatment allocation. Next, a
subgroup analysis was performed by dividing the PPAS in 4 groups
based on KOS and LVA use (Table 4). Figure 1 shows the mean values
of TVRSMS for the four groups over time.
The KOS group that stopped LVA had a significantly larger reduction in TVRSMS compared to the rest of the subgroups. So, both the
KOS treatment and stopping of LVA, and the combination of the two
resulted in a significant reduction in TVRSMS.
The nasal domain of the SNOT-22 was significantly reduced 4
weeks after treatment in the KOS-treated group, with a clinically relevant mean change of -3.7 versus -0.3 in the placebo group (Table
3). In the subgroup analysis, there was also a significant reduction

1. No local vasoconstrictor abuse
KOS treatment (N=51)
TVRSMS
SNOT, nasal
domain
PNIF

Figure 1: Mean weekly TVRSMS, change from baseline.
KOS – Kinetic oscillation stimulation, TVRSMS -Total vasomotor rhinitis
symptom and medication score.

Finally, the linear mixed model showed a significant effect on
TVRSMS of KOS treatment (p=0.02, SE=0,200, 95% CI -0.85,
-0.0606), but no significant effect of cessation of local vasoconstrictor
abuse. (p=0.114, SE=0.121, 95%CI -0.43, 0.05)

PNIF
Interestingly, despite the change in subjective feeling of obstruction, there was absolutely no effect of the KOS treatment on PNIF.

Discussion
In this paper we performed a per-protocol analysis of data published earlier with an “intention-to-treat” analysis [20]. The earlier
analysis found no significant difference inthe TVRSS mean score
change from baseline at 4 weeks (p=0.053) for the group treated with
high amplitude KOS compared to placebo, but did find a significant
difference in the TVRSS mean score change for the group treated
with low amplitude KOS compared to placebo (p < 0.01).

2. No local vasoconstrictor
abuse
Placebo (N=46)

3. Stopping local vasoconstrictor abuse
KOS treatment (N=13)

4. Stopping local vasoconstrictor abuse
Placebo (N=14)

Kruskal-Wallis
or ANOVA
(p-values)
ANOVA 0.022

Mean, SD

-0.6±1.5 #

- 0.1±1.4 #

-1.6±1.4 $^

-0.6±2.1

Median, IQR

-0.5 (-1.3, 0.14)

-0.3 (-1.3, 0.6)

-1.6 (-2.6, -0.5) +

-0.2 (-1.0, 0.3) #

K-W 0.029

Mean, SD

-2.9±4.2 ^

0.2 ±3.5 $#

-3.5±4.8 ^

-1.8±5.1

ANOVA 0.001

Median, IQR

-3.0 (-6.0, 0.0)

0.0 (-2.0, 2.3)

-3.0 (-6.5, -2.0)

-2.0 (-2.5, 2.0)

K-W 0.001

Mean, SD

3.2±29.9

9.8±36.1

24.6±46.3

3.8±66.9

ANOVA 0.349

Median, IQR

0.0 (-10.0, 20.0)

10.0 (-20.0, 32.5)

30.0 (-25.0; 70.0)

20.0 (-32.5, 30.0)

K-W 0.449

Table 4: Symptoms scores and PNIF change from baseline at 4 weeks comparing KOS treatment and the use of local vasoconstrictors.
$ p<0.05 vs Group 1; ^ p<0.05 vs Group 2; # p<0.05 vs Group 3; + p<0.05 vs Group 4. KOS – Kinetic oscillation stimulation, TVRSMS – Total vasomotor
rhinitis symptom score, SNOT-22 – Sino-nasal outcome test 22, PNIF – Peak nasal inspiratory flow
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The CONSORT guidelines for reporting of “parallel group randomized controlled trials” recommend that both ITT and PP analyses
should be reported for all planned outcomes to allow readers to interpret the effect of an intervention [23]. This per-protocol analysis
shows a significant effect of a single treatment with KOS on TVRSMS
after 4 weeks. The mean TVRSMS decrease from baseline was 0.8
versus 0.2 in the placebo group (Table 3). Whether this finding is clinically relevant, is hard to tell, as the Minimal Clinically Important
Difference (MCID) for the TVRSS, and consequently TVRSMS, in
NAR has not been established yet. With data from anchor-based and
distribution-based models, Barnes et al. proposed a change of 0.55
units as the TNSS MCID for allergic rhinitis [21] which in this case
would be reached. Another approach would be to use half the standard
deviation as MCID. The mean TVRSMS score pre-treatment was ~4,
with a standard deviation of ~1.7. The MCID would then be around
0.85. In light of the MCID in AR, and the SD-based MCID of the
current data, we think that the KOS reduction in TVRSMS of 0.8 is
clinically relevant. However, specific MCID studies still have to be
performed in NAR. As far as we know, the TVRSMS is not validated
to measure the severity of NAR symptoms. Also, in the EAACI position paper on non-allergic rhinitis no validated questionnaires are
given [2]. The same applies for the nasal domain of the SNOT-22,
a test only validated in chronic rhinosinusitis. So, there is an unmet
need to have a properly validated set of outcome measures for NAR
as has been provided for CRS [24]. Moreover, we couldn’t correct the
nasal domain of SNOT-22 and PNIF for rescue medication use. To
evaluate the potential effect of the rescue medication we also ran the
analysis on the subset of patients that did not use rescue medication,
but the outcomes did not change (data not shown).
Currently, treatment of NAR via neurogenic pathways has limited options. Capsaicin can be useful through its effects on the transient receptor potential vanilloid and ankyrin families [11,25-27] thus
reducing nasal hyperreactivity [13]. However, this treatment is not
commercially available and can only be performed in hospitals where
a pharmacy can produce the medication. Influence on the parasympathetic shift can be achieved through locally applied ipratropium bromide, or by performing a vidianneurectomy [28,29]. But, despite the
treatments mentioned above, a significant part of the NAR patients
remains uncontrolled [30] and KOS might prove to be an additional
tool here.
Unfortunately, the design of this study, as has been discussed in
the first paper [20] is insufficient to draw any further conclusion. One
of the issues is that the placebo treatment used was a non-inflated balloon. In the beginning of the study the control treatment was different
(a low amplitude treatment): the balloon was inserted in the nose,
inflated and vibrated at a much lower frequency than the verum treatment. After the interim analysis it turned out that both verum and low
amplitude treatments might have a positive effect and that vibrations
even on low frequencies could possibly improve the symptoms or that
the fact that the patients felt something happening is a placebo-effect.
That is why an uninflated and non-vibrating balloon was introduced
as the new control treatment. One could argue that this is not a true
placebo treatment and that both the caregiver and the patient were
not really blinded. A new study with a really double blinded design is
needed before firm conclusions can be drawn.
Although not primarily set up in this direction, the current study is
suggesting that stopping with local vasoconstrictor abuse might have
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an effect on nasal complaints already after a short period of time of
a few weeks.
Even though local vasoconstrictors give a reduction in nasal obstruction for a period up to 12 hours [31] it should not be used in
NAR because of the risk of rhinitis medicamentosa [6] as has been
shown in this study where a quarter of the patients (27/124) had this
disease. Figure 1 shows that shortly upon the discontinuation of Local Vasoconstrictor Abuse (LVA), the TVRSMS decreases. Already
after two weeks the effect is present and it further increased in later
weeks. Moreover, the effect size is rather large with a mean TVRSMS
decrease from baseline of 1.1 after 4 weeks. Most likely we were
not able to show a significant effect of stopping local vasoconstrictor abuse due to a small subgroups size: a post-hoc analysis showed
that a group of n=81 would have given a significant effect. To our
knowledge, this is the first study to generate patient-reported outcome
measures in the weeks after stopping LVA. Interestingly, the effect
of KOS was additive to the effect of discontinuation of LVA. Therefore, the mean decrease of TVRSMS from baseline was largest in
the KOS-treated LVA group (1.6 after 4 weeks). As such, KOS might
be a supportive tool in rhinitis medicamentosa patients to help stop
their LVA. The current data also suggests that studies in NAR should
be aware of this phenomenon and either exclude LVA patients, make
the LVA group large enough to perform sub-analyses, or include a
wash-out period of at least several weeks before the actual trial is
performed.

Conclusion
Through a per-protocol analysis, a single treatment with KOS
was found to give a significant reduction in Total Vasomotor Rhinitis
Symptom and Medication Score (TVRSMS) sustained over a period
of 4 weeks in this not really placebo-controlled RCT. A new study
with a true double-blinded design is needed before firm conclusions
can be drawn.
Rhinitis medicamentosa is probably an independent factor, but
studies with larger subgroups are needed to confirm the effect.
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