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Abstract

Background: Non-allergic rhinitis (NAR) can be subdivided into several phenotypes:
rhinorrhea of the elderly, rhinitis medicamentosa, smokers', occupational, hormonal,
drug-induced, gustatory, and idiopathic rhinitis. There are two pathophysiological en-
dotypes of NAR: inflammatory and neurogenic. Phenotypes may serve as an indicator
of an underlying endotype and, therefore, help to guide the treatment. The preva-
lence of each phenotype in the general population is currently unknown.

Methodology/Principal: Cross-sectional questionnaire-based study in the general

Amsterdam, The Netherlands.
Email: k.avdeeva@amsterdamumc.nl

population of the Netherlands.

Results: The prevalence of chronic rhinitis in the general population was 40% (N = 558,
of those, 65% had NAR and 28% AR, in 7% allergy status is unknown). Individuals with
NAR (N = 363) had significantly more complaints in October-February. Those with AR
(N = 159) had significantly more complaints in April-August. The most common NAR
phenotypes were idiopathic (39%) and rhinitis medicamentosa (14%), followed by oc-
cupational (8%), smokers' (6%), hormonal (4%), gustatory (4%), and rhinorrhea of the
elderly (4%). The least prevalent phenotype was drug induced (1%). Nineteen percent
of the NAR group could not be classified into any of the phenotypes.

Conclusions: This is the first study to describe the prevalences of NAR phenotypes
in the general population. AR and NAR have a distinct seasonality pattern with NAR
being more prevalent in autumn/winter and AR in spring/summer. Our data on the
prevalence of phenotypes may help clinicians to anticipate the type of patients at
their clinic and help guide a tailored treatment approach. The high prevalence of rhi-

nitis medicamentosa is alarming, since this is a potentially preventable phenotype.
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GRAPHICAL ABSTRACT

The prevalence of NAR and AR in general population: 27% and 12%. AR symptoms get worse in spring/ summer, NAR symptoms in autumn/
winter. The prevalences of NAR phenotypes: idiopathic 39%, rhinitis medicamentosa 14%, occupational 8%, smokers' 6%, hormonal 4%,
rhinorrhoea of the elderly 4%, gustatory 4% and drug-induced 1%. Nineteen percent could not be defined in neither of the phenotypes.

Abbreviations: AR, allergic rhinitis; NAR, non-allergic rhinitis

1 | INTRODUCTION
Non-allergic rhinitis (NAR) is a form of chronic rhinitis (CR) that is
characterized by rhinorrhea, blocked nose, sneezing, and/or itchy
nose without clinical signs of infection or allergy.l> NAR decreases
the quality of life® and has a substantial financial impact.* We have
recently suggested that CR (and, consequently, NAR) should be de-
fined in epidemiological studies as the presence of at least one nasal
symptom for more than 21 days per year.5 When this definition was
applied to the general population, the prevalence of CR was 40%
(65% NAR, 28% allergic rhinitis (AR), and in 7% allergy status was
unknown).®

NAR is an umbrella term that covers a heterogeneous group
of patients whose complaints have different phenotypes and en-
dotypes and, therefore, require different treatment strategies. To
choose the best treatment for each patient, it is necessary to un-
derstand the underlying endotype. While in clinical practice, deter-
mination of endotype in each patient is not technically feasible, and
phenotypes may serve as a predictor! and, therefore, may help to
tailor the treatment. Additionally, understanding the (prevalence of
the) phenotypes of NAR may help clinicians to expect what kind of
NAR patients they will most often encounter. The phenotypes of
NAR defined/mentioned in the EAACI taskforce paper include rhini-
tis (rhinorrhea) of the elderly, rhinitis medicamentosa, smokers', occu-
pational, hormonal, drug-induced, gustatory, and idiopathic rhinitis.
Rhinitis medicamentosa is a subtype of drug-induced rhinitis, which
we propose to distinguish as a separate phenotype due to a different

route of the drug administration and the underlying mechanism.

The term “idiopathic rhinitis” is used when a patient does not fit
into any of the aforementioned phenotypes and suffers from NHR.
NHR is the stimulation of one or more nasal symptoms upon en-
counter of unspecific environmental stimuli, such as temperature or
humidity changes, strong odors, or smoke® and is objectively con-
firmed by cold-dry air provocation.® NHR is a common phenomenon
in rhinitis and rhinosinusitis.””

The most important endotypes of NAR are inflammatory and
neurogenic (Figure 1).!

Some NAR phenotypes clearly belong to one endotype: idio-
pathic,'® rhinorrhea of the elderly, and gustatory rhinitis are of the
neurogenic endotype.!’ Other phenotypes, for example, occupa-
tional rhinitis, may belong to both inflammatory and neurogenic,
depending on the agent that has led to the development of the
symptoms.1 Mechanisms behind several phenotypes, for example,
hormonal, are not completely understood.*1?

Apart from the obvious subtypes of AR and NAR, some po-
tential intermediate phenotypes, both with an inflammatory en-
dotype,! exist: local allergic rhinitis (LAR) and non-allergic rhinitis
with eosinophilia syndrome (NARES). LAR is characterized by local
production of specific IgE during nasal exposure to aeroaller-

gen513-16

in the absence of systemic atopy.}” Whether LAR should
be considered a subtype of AR, NAR, or an independent entity
is a subject of debate.’® On the one hand, LAR is similar to AR
in terms of pulmonary comorbidities,!” sensitizations to aeroaller-
gens tested by nasal provocation testing,'® and treatment strate-
gies.w‘20 On the other hand, LAR does not evolve into systematic

atopy over time.'” Besides, LAR and AR may co-exist in a form of
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FIGURE 1 Endotype and phenotype
of NAR
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so-called dual-allergic rhinitis.?*?2 NARES is characterized by the
presence of eosinophils in nasal mucosa in patients with NAR.?®

4 and

Seeing that local eosinophilia is present in both conditions?
the fact that studies describing NARES did not perform intranasal
allergen provocations nor measurement of nasal IgE,?>2¢ LAR is
possibly a subtype of NARES. On the other hand, some studies
claim that these are two independent subtypes'!: in the study
by Meng et al., NARES was characterized by high eosinophil cat-
ionic protein, whereas LAR was characterized by high histamine.?*
Another study demonstrated the absence of allergen-specific IgE
in NARES,'? which is characteristic of LAR. For this study, we con-
sider LAR to be a form of AR because it cannot be discriminated
with a questionnaire only from AR.

We found a prevalence of NAR of 28% in general popula-
tion.” To the best of our knowledge, the prevalence of the dif-
ferent phenotypes of NAR is currently unknown. Seeing that
phenotypes may serve as an indicator of an underlying endotype,
knowledge about their prevalence may help clinicians to expect
the phenotypes they will most often encounter in daily practice
and to choose tailored treatment strategies. The aim of this study
was to determine the prevalence of NAR phenotypes in the gen-

eral population.

2 | METHODS

We performed a cross-sectional, questionnaire-based study in a
random sample of participants representing the general popula-
tion of the Netherlands. Informed consent was obtained from
all participants. The same subset of participants was used for an
early published paper on the definition of CR.> The questionnaire
(Attachment 1) included questions intended to define each of the

phenotypes.

Inflammatory
endotype

Neurogenic
endotype

g Sympathetic/ -
Non-type 2 sy i Neuroinflammatory
imbalance

Atrophic * Rhinorrhoea of the *  Occupational
Drug-induced elderly *  Gustatory
*  Rhinitis » Idiopathic
medicamentosa

*  Occupational
*  Drug-induced
* |diopathic

2.1 | Definitions used

2.1.1 | Chronic rhinitis

CR was defined as the presence of nasal complaints about at least
21 days/year or a history of a positive allergy test and nasal medica-
tion use (outside of periods with common cold), irrespective of dura-

tion of the complaints.

2.1.2 | ARand NAR

When the participants fulfilled the CR criteria and answered affirma-
tively on the question whether they had allergic rhinitis or hay fever,
they were considered as having (self-reported) AR. When the answer
was negative, they were considered as having NAR, unless they had
only eye symptoms (N = 14). Every patient who missed the question
“Do you have allergic rhinitis” was excluded from this analysis.

2.1.3 | Nasal complaints

We asked participants which of the nasal complaints they had for at
least one hour per day on most days of the week (hereinafter termed
“regular nasal complaints”). Additionally, we asked them which of the
aforementioned complaints they were experiencing at the time of

filling in the questionnaire (hereinafter “current nasal complaints”).

2.1.4 | Definitions of phenotypes

The phenotypes were defined according to EAACI position
paper on NAR.! The algorithm used for phenotypes definitions is
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FIGURE 2 Algorithm behind
definitions of NAR phenotypes. Green
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presented in Figure 2. Based on the algorithm, each subject was
assigned exclusively to one phenotype. If a participant was not
defined as having rhinorrhea of the elderly (ROE), occupational
rhinitis (OR), rhinitis medicamentosa (RM), smokers' rhinitis (SR),
hormonal rhinitis (HR), drug-induced rhinitis (DR), or gustatory rhi-
nitis (GR) and had CR and NHR, he/she was classified in idiopathic
rhinitis (IR) group. If NHR was absent, he/she was classified into
the “other” group.

Idiopathic

i

2.2 | Statistical analysis

Data are summarized as frequencies, means and standard devia-
tions, medians, and interquartile ranges. To detect the differences
between the groups, we used an unpaired sample t-test for normally
distributed numerical variables (age), and an independent-sample
Mann-Whitney U-test (MWU-test) for non-normally distributed nu-
merical variables (VAS score) (SPSS).
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3 | RESULTS

In December 2019, five thousand questionnaires were sent out to
the residents of one municipality in the Netherlands. One thou-
sand thirty-three participants filled in the questionnaire (response
rate 27%).

3.1 | Common cold

In the whole study group, the median number of common colds was
2 (IQR 1-3). The median number of total days with common colds
was 10 (IQR 4-20).

3.2 | ARand NAR

There were 363 participants with NAR, 159 with AR, and 790 con-
trols. Twenty-two participants who did not answer the question
“Do you have allergic rhinitis” were excluded from this analysis.
Figure 3 shows the distribution of months with worst complaints
for AR and NAR. Individuals with NAR had significantly more com-
plaints in October-February, (chi-square, p < .001). Those with
AR had significantly more complaints in April-August (chi-square,
p < .05).

3.3 | NAR phenotypes

The prevalence of NAR phenotypes is presented in Figure 4. The
most prevalent phenotype was IR (39% of NAR group). A compari-
son of baseline characteristics of NAR phenotypes is presented in
Table 1. Nasal obstruction, rhinorrhea, and postnasal drip were the

most common regular complaints (Figure 5).

3.4 | Rhinorrhea of the elderly

e Inthe general population, participants with rhinorrhea as the only
regular complaint were significantly older compared to the rest
(64 + 15 vs 59 + 17 years, p = .028). In NAR, the same trend was
observed, though not statistically significant (61 + 16 vs 58 + 18).

e In NAR, participants with rhinorrhea as the most bothering com-
plaint were older than the rest (62 + 19 vs 56 + 18, T-test p = .026,
MWU-test p =.008).

e Regardless of the age cut off used, the prevalence of RoE was
around 10% for the corresponding age-group (Attachment 2). The
remaining 90% of participants of the same age had other pheno-
types of NAR (with the same prevalence of each phenotype as for
the whole NAR group).

3.5 | Occupational rhinitis

The majority of working participants in the NAR group reported hav-
ing nasal complaints at work (Attachment 2), but only a third of them
reported an improvement during weekend/vacation.

From all the participants defined as having OR (N = 30), only one
had nasal complaints related to work-specific triggers. In the major-
ity of participants (N = 11), nasal complaints were attributable to
hyperreactivity to non-specific triggers encountered at work (such
as air conditioning, dust, and dry air). Seven participants thought
that their complaints were caused by HDM or other allergies, and in

eleven participants, the trigger was unknown.

3.6 | Rhinitis medicamentosa

e Sixty-one participantsinthe NAR group (17%) and 42 controls (5%)
reported regular use of nasal decongestants (ND) (Attachment 2).

80%

60%

40%

20%
FIGURE 3 Percentages of individuals
with worst nasal complaints per month of 0%
the year, for AR and NAR. Vertical bars Q Q X D & ) Q S X S < <

& S3 RS @ @ @ ()
represent 95% Cl. The differences were @(\0’0 \Qg\‘:b @‘9 W > N 3 \?}9 @é@ & AQ’(Q OQ}(\Q
statistically more significant in January, > <® %Q;Q © O K
February, April, May, June, July, August,
EAR ENAR

October, November, and December
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FIGURE 4 The prevalence of NAR phenotypes (NAR group,
N = 363)

Fifty-one participants with NAR were defined as having rhinitis
medicamentosa (RM), and ten participants classified into the OR
group (Figure 2).

e Within participants who reported the regular use of ND, those
with NAR had a significantly higher VAS compared to those from
the control group (45 + 26 vs 19 + 24, t-test p < .001; MWU test
p < .001). Similarly, there were significantly more moderate/se-
vere cases (ARIA) among ND users from the NAR group (84% vs
36%, chi-square p < .001).

3.7 | Smokers' rhinitis

3.71 | Current smokers

e Current smokers were significantly more likely to have NAR com-
pared to non-smokers (chi-square p = .034, OR 1.7 (1.04-2.8); RR
1.6 (1.004-2.6)).

e Current smokers in the NAR group had significantly more
pack-years of smoking compared to currently smoking controls
(32 + 29 vs 14 + 14; t-test p = .014; MWU test p = .04).

3.7.2 | Former smokers

e Former smokers had the same probability of having NAR com-
pared with those who never smoked.

e Pack/year of smoking for former smokers was not different be-

tween NAR and controls.

3.8 | Hormonal rhinitis

Sixteen women were classified as having HR. Two of them had nasal
complaints during both pregnancy and menstruation, eight during
pregnancy only, and six during menstruation only.

3.9 | Drug-induced rhinitis

e There were significantly more medication users in NAR compared
to the controls (chi-square p = .008, OR 1.4 95% Cl 1.1-1.8, RR
1.2 95% Cl 1.1-1.5).

e The proportions of users of painkillers (including paracetamol and
NSAIDs), B-blockers, antidepressants, sedatives, and “other” med-
ications were not significantly different between NAR and con-
trols. There was also no difference in medication intolerance.

e Thirty-six participants have developed their nasal symptoms after
initiation of a medication. Of those, in six participants nasal com-
plaints have started the same year as they have started using the
medication. Of the whole group of participants who developed
symptoms after initiation of a medication, five were using medica-
tion enlisted in EAACI position paper and were defined as having
DR. The medications that they reported (could be more than one
per subject) were NSAIDs (N = 1), B-blockers (N = 3), antidepres-
sants (N = 2), and “other” (N = 4).

e The majority of NAR population used medications classified as
“other”: anticoagulants, calcium channel blockers, ACE inhibitors,
statins, glucose-lowering medications, thiazide diuretics, PPI in-
hibitors, P2Y12 inhibitors, etc.

3.10 | Gustatory rhinitis

e Sixteen participants (4% of NAR) were defined as having GR.

e In the GR group, rhinorrhea was the most prevalent regular and cur-
rent complaint (N = 10, 63%, for both). The most bothering complaints
were rhinorrhea (N = 7, 44%) and nasal obstruction (N = 6, 38%).

e The majority (N = 11, 69%) of the GR group reported NHR.

3.11 | Idiopathic rhinitis

e One hundred and forty-one participants (39% of NAR) were clas-
sified as having IR.

3.12 | Other

e Sixty-eight participants (19% of NAR) could not be classified into
any of the phenotypes.
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FIGURE 5 The prevalence of regular
nasal complaints per phenotype in NAR
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e This group was mostly represented by participants with milder
complaints in terms of the number of complaints, VAS score, and
the proportion of mild cases (ARIA) (Table 1).

4 | DISCUSSION

This is the first paper that describes the prevalence of NAR pheno-
types in the general population. Though some data on prevalence of
individual phenotypes in particular populations are available (such
as HR in pregnancy,27 SR?82% and OR in bakers®?), the distribution
of each phenotype (as described by EAACI position paper?) in the
general population has not been previously reported. Phenotyping
of NAR is essential for choosing the best treatment option. For ex-
ample, IR is effectively treated with capsaicin,®* which is totally dif-
ferent from the treatment of RoE with ipratropium bromide®? or the
treatment of RM by discontinuing the ND abuse.

For studies on prevalence of diseases, data from the general
population are mandatory. In this study, we found a prevalence
of CR of 40% what is comparable to other European studies.®3%°
Ideally, some form of allergy testing should be used for the differ-
entiation between AR and NAR in studies, but that is not always
feasible. However, Savouré et al. have shown that the question
“Have you ever had allergic rhinitis?” or “Have you ever had hay
fever?” has a positive predictive value of 0.71 (0.64-0.78) and a
negative predictive value of 0.77 (0.71-0.84) in never asthmat-
ics.2% We expect that our study where we used not only the ques-
tion about allergic rhinitis/hay fever but also whether the patient
was tested for allergies will have at least comparable results. Our
studies showed 70% of the subjects with CR to have NAR. This is
higher than in a study by Bachert et al., where the prevalences of
AR and NAR had a proportion of 3:1,% or the study of Bozek et al.,
where the proportion was 1:1,'% and is comparable with the study
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by Jessen and Janzon, where the proportion was 1:4.%” One of the
reasons for this discrepancy could be that we only evaluated sub-
jects with CR. It is possible that more subjects with NAR than AR
have symptoms for more than 21 days per year. Furthermore, we
do not expect that AR/NAR proportion would influence the results
of NAR phenotype analysis. In this study, as far as we know, for the
first time we show the difference between two distinct seasonality
patterns between the AR and the NAR, with AR complaints being
more prevalent during pollen season®® and NAR during winter,
when viral infections and factors that may correspond to NHR are
more apparent (e.g., dry air and temperature differences between
inside and outside). Possibly, a proportion of NAR patients is rep-
resented by unconfirmed mono-sensitized HDM allergy, though
mono-sensitization to HDM is quite rare.®® Therefore, only a mi-
nority of NAR group could have been wrongly assigned because of
an unrecognized mono-sensitization to HDM.

To further phenotype NAR, we used definitions as proposed by
the EAACI position paper.1 Some subjects (7% of NAR group) can
be phenotyped in different categories. For example, out of 31 cur-
rently smoking participants, 24 were classified as SR and seven as
RM, though the latter seven participants most likely have a combi-
nation of SR and RM. For this study, we have chosen to exclusively
include subjects in the most likely category and used an algorithm as
described in this manuscript (Figure 2). Our definition, therefore, did
not account for possible overlaps and the interactions between the
provoking factors, what is more likely in reality. Hence, the reader
should keep in mind that these data are an oversimplification of the
truth. On the other hand, our approach to use NHR as a criterion
for IR is a valid attempt to separate rhinitis patients from those with
other diagnoses, which is reflected by a lower disease burden in the
“other” group.

There are still many gaps in knowledge about NAR phenotypes.
To facilitate further research in the field, robust definitions for each
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phenotype should be developed (e.g., what duration and frequency
of a medication use lead to the development of drug-induced rhi-
nitis; after what age do we consider nasal discharge a RoE, etc.).
Moreover, although there is increasing information about the rela-
tion between phenotypes and endotypes in NAR with the conse-
quences for therapy, the picture is far from complete. In Figure 1, we
propose underlying endotypes like neurogenic and inflammatory for
the different phenotypes. We do realize, however, that significant
overlap can be found (e.g., OR and DR can be inflammatory or neu-
rogenic), of which it is unclear whether that is present in all subjects.
Additionally, RM, apart from having a neurogenic component, also
has a vascular one. In order to systematically fill in those gaps and to
refine existing definitions and classification, and due to a shortage
of effective NAR treatment options, we suggest that a new EAACI
taskforce addresses these issues.

Van Rijswijk hypothesized that IR accounts for about 50%
of NAR.** Our findings confirm this hypothesis: IR was the most
prevalent phenotype (39% of NAR group). IR is a purely neuro-
genic phenotype, and the recognition of the disease with NHR as
the most prominent symptom*® has significant implications for the
treatment. 314042

Twenty percent of the NAR group could not be classified into
any of the phenotypes. We were not able to identify a pattern
that would explain the nature of nasal complaints in this group. If
NHR was not used as a defining factor for IR, these patients would
have been classified as having IR. Possibly, this group includes par-
ticipants with anatomical reasons for nasal symptoms like a septal
deviation and/or inferior turbinate hypertrophy and/or some (yet)
unrecognized phenotypes.*3

The second most common phenotype was RM (17% of NAR).
Strictly speaking, RM is a subtype of DR,! though we have analyzed
them separately due to the fact that RM is caused by a very spe-
cific medication that acts locally, has a different pathophysiological
mechanism,*! and is associated with psychiatric conditions, such as
anxiety** or opioid use disorders.*> Mehuys et al. have also demon-
strated an alarmingly high rates of ND (ab)use: about a half of individ-
uals with persistent rhinitis purchasing over-the-counter medication
for their nasal complaints were overusing ND, even though the
majority was educated about the limit on duration of use.*S A high
prevalence of RM is a major concern, seeing that this is a preventable
phenotype, and warrants attention in our daily practice because it
is something often not spontaneously mentioned by our patients.

Interestingly, the pattern of complaints does not predict pheno-
type nor endotype (Figure 5) (except for ROE, which was defined by
the presence of rhinorrhea). As such, OR, RM, and SR have a similar
pattern with nasal obstruction and post-nasal drip being the most
prominent complaints, but they all belong to different endotypes
(inflammatory or neurogenic, neurogenic, and inflammatory, respec-
tively). Likewise, HR and GR are similar in terms of rhinorrhea and
nasal obstruction but, then again, belong to different endotypes (in-
flammatory and neurogenic, respectively). This could be explained
by the presence of (sub)endotypes or gaps in knowledge regarding
the pathophysiology of the endotypes.

Our study has a number of limitations that were described ear-
lier and in our previous publication,® such as inability to objectively
exclude NARES, LAR, septal deviations, or CRS. Though due to the
low prevalence of CRS (~4% of general population when confirmed
objectively*”**?) and NARES (2% in Dutch primary care patients with
recurrent nasal symptoms?°), we expect that only a minority of the
NAR group was represented by these conditions. Seeing that the
severity of septal deviation does not correlate with subjective com-
plaints50 and that CR was defined by the presence of nasal symp-
toms, we do not expect that inability to exclude this anatomical
feature would influence the results.

Another major limitation is the lack of a more thorough medical
history, which may be necessary for accurate phenotyping. For ex-
ample, we assigned all subjects that developed nasal symptoms after
starting medication that can induce DR! into this phenotype. But
subjects might have had other reasons for their symptoms not related
to the use of medication, and we were not able to stop medication to
prove the relation. Additionally, none of the participants reported the
use of phosphodiestherase-5 inhibitors, probably because they do
not consider it as a “medication,” though it may cause DR.>*

Moreover, the limited size of some of our groups made further
subgroup analyses impossible. Finally, seasonality patterns de-
scribed for AR and NAR should be validated for other climate zones.

It was previously hypothesized that up to 50%-70% of AR may
be represented by mixed rhinitis.>? Unfortunately, the design of the

questionnaire did not allow for the differentiation of this group.

5 | CONCLUSIONS

This is the first study to describe the prevalence of NAR phenotypes
in general population. AR and NAR have distinct seasonality pat-
terns with NAR being more prevalent in autumn/winter and AR in
spring/summer. Idiopathic rhinitis is the most common phenotype
of NAR, followed by rhinitis medicamentosa. The high prevalence of
rhinitis medicamentosa is alarming. A new EAACI taskforce should
systematically fill in gaps in knowledge about NAR phenotypes.
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