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Alcohol hyper-responsiveness in chronic rhinosinusitis with nasal polyps
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Summary

Background An important percentage of subjects diagnosed with chronic upper airway
disease report alcohol-induced worsening of their symptoms. The prevalence and charac-
teristics of respiratory reactions provoked by alcohol-containing drinks have not been
fully investigated yet.

Objective The aim of this study was to estimate the prevalence and characteristics of alco-
hol hyper-responsiveness in patients with chronic airway disease and healthy controls.
Furthermore, nasal inflammation was evaluated in nasal polyp patients with and without
hyper-responsiveness.

Methods We evaluated the prevalence and characteristics of alcohol-induced respiratory
complaints in 1281 subjects. Chronic rhinosinusitis with nasal polyps (CRSWNP) patients
with and without NSAID exacerbated respiratory disease (NERD), chronic rhinosinusitis
patients without nasal polyps (CRSsNP), allergic rhinitis (AR) patients and healthy controls
were approached by means of a questionnaire. Inflammatory markers (eosinophilic catio-
nic protein (ECP), IL-5, IgE, SAE-specific IgE, IL-17, TNFo and IFNYy) in tissue were then
compared between alcohol hyper-responsive and non-hyper-responsive CRSWNP patients.
Results The highest prevalence of nasal and bronchial alcohol hyper-responsiveness was
observed in patients with NERD, followed by CRSWNP, and less frequent in CRSsNP, AR
and healthy controls. Alcohol hyper-responsiveness is significantly more prevalent in
CRSwNP patients suffering from recurrent disease and in patients with severe symptoma-
tology. In nasal tissue of the hyper-responsive CRSWNP group, we observed significantly
higher nasal levels of the eosinophilic biomarker ECP.

Conclusion and Clinical Relevance Nasal hyper-responsiveness to alcohol is significantly
more prevalent in severe eosinophilic upper airway disease.
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patients without nasal polyps, chronic rhinosinusitis with nasal polyps, NSAID exacer-
bated respiratory disease
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Introduction

asthma and non-steroidal anti-inflammatory drug
(NSAID) hypersensitivity. Inflammation in patients with

The main symptoms of chronic rhinosinusitis with nasal
polyps (CRSwNP) are olfactory dysfunction, nose
obstruction and nasal secretions, but patients may also
complain of postnasal drip, facial pain or headache.
Symptoms are not easily controlled and impair quality
of life. Nasal polyps (NP) are frequently associated with

CRSwWNP and NSAID exacerbated respiratory disease
(NERD) is most severe, and recurrence rate of nasal
polyps is high [1, 2].

A significant portion of patients diagnosed with
chronic inflammatory airway diseases report aggrava-
tion of airway symptoms after drinking alcohol-
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containing beverages [3], and a few clinical studies
have demonstrated that alcohol is able to induce
asthma exacerbations [4, 5]. The epidemiology and
characteristics of alcohol hyper-responsiveness have
been explored mostly by questionnaires, focused in the
general population and the asthmatic population [3, 6,
7]. In daily clinics, patients with CRSwNP often report
increased symptoms upon intake of alcohol. Neverthe-
less, only few studies previously reported alcohol
hyper-responsiveness in CRSwNP [3, 8] and little is
known about inflammatory characteristics of this
group.

In the general population, alcohol-induced nasal
symptoms vary between 3.4% and 7.4% [3, 6]. In the
asthmatic population, alcohol-induced upper and lower
airway symptoms are more frequent and occur in 42.6—
43% [7, 8]. Percentages are similar in the case of
CRSwWNP (43%) and are highest in the NERD population
(83%) [8]. These reactions are generally not specific to
one type of alcoholic beverage and often occur after
ingestion of small amounts of alcohol [8].

The mechanisms underlying the alcohol-induced
aggravation of airway symptoms are largely unknown.
A common pathway of NERD and alcohol hyper-
responsiveness has been suggested [7, 8]. Furthermore,
it is not clear whether alcohol itself is responsible or
non-alcoholic additives are the main cause of these
reactions. Generally, it is assumed that in the majority
of patients, the non-alcoholic components, such as his-
tamines or sulphites, are the main causes [7].

In order to assess epidemiology of alcohol hyper-
responsiveness in chronic upper airway diseases and to
explore characteristics of these reactions, we designed a
questionnaire that assesses the alcohol hyper-respon-
siveness in detail in CRSWNP patients. Characteristics of
the nasal polyp population and their disease were col-
lected; and the presence of other sensitivities, including
food components and environmental irritants, was
investigated. Control groups consisted of chronic rhi-
nosinusitis patients without nasal polyps (CRSsNP),
allergic rhinitis (AR) patients and healthy subjects. In a
second part of the study, inflammatory markers in nasal
tissue were compared between CRSwNP patients with
and without nasal alcohol hyper-responsiveness (HR).

Methods

Subjects

We included 534 CRSwNP and for control purposes
patients with CRSsNP (n = 198), AR (n = 369), and
healthy volunteers (n = 180). Although the true preva-
lence of CRSwNP is lower than CRSsNP, we intention-
ally weighed the survey population towards CRSwNP.
CRSwNP, CRSsNP and AR patients were specialist-

diagnosed according to the EPOS guidelines [9] and
ARIA guidelines [10]. These well-characterized patients
were recruited from databases available in the Univer-
sity Hospitals in Ghent and Leuven, Belgium. Healthy
volunteers were randomly selected in the general popu-
lation. Exclusion criteria for healthy volunteers were
the presence of nasal or lung symptoms and the diag-
nosis of CRSwWNP, CRSsNP or AR. Questionnaires with
missing answers to essential questions, subjects who did
not confirm their diagnosis and patients with interfer-
ing nasal anomalies, such as cystic fibrosis, systemic/
autoimmune diseases or anatomical deviations, were
excluded from the study. Written informed consents
were obtained from all subjects.

Study design

Questionnaire. The questionnaire comprised all relevant
patient characteristics, including confirmation of diagno-
sis and assessment of comorbidities, such as asthma,
allergy, NSAID hypersensitivity and food allergy or
hypersensitivity to common food allergens (including
milk, peanuts, eggs, tree nuts, gluten, soy, mustard,
lupine and celery). Next to disease phenotyping, disease
severity was determined based on recurrence of nasal
polyps, the need for repetitive treatments with oral ster-
oids and antibiotics and symptom control under their
current treatment as evaluated by means of visual ana-
logue scales (VAS). Recurrent CRSWNP was defined start-
ing from at least two functional endoscopic sinus
surgeries. A VAS score of more than 5 on a scale of 10
was considered as uncontrolled disease [11]. Smoking
and drinking habits were assessed. Airway hyper-respon-
siveness of upper and lower airways to alcohol and envi-
ronmental or occupational irritants was documented. A
list of symptoms was given to determine which symp-
toms occur after exposure: nasal HR was defined as either
nasal blockage and/or rhinorrhea with or without bron-
chial symptoms. Bronchial symptoms comprised cough,
wheezing, dyspnea and exacerbation of asthmatic symp-
toms. Again, bronchial alcohol HR was defined as at least
one of the bronchial symptoms with or without nasal
symptoms. Itching, facial swelling and allergic symptoms
(skin rash, conjunctivitis. . .) were defined as ‘other symp-
toms’. Flushing was considered a physiologic phe-
nomenon and is not represented as a hyper-responsive
symptom. Respiratory alcohol HR was defined as either
nasal alcohol HR or bronchial alcohol HR, or both. Char-
acteristics of the nasal alcohol HR reaction were assessed,
including type of causal beverage, quantity necessary to
elicit symptoms, duration of symptoms and latency.
Quantity was defined as ‘units’ of alcoholic drinks, as
volumes depend on the type of beverage.

Six weeks after the initial questionnaire was sent, a
reminder questionnaire was sent to the non-responders
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to increase response rate. The ethical committee of the
Ghent University Hospital, Ghent, Belgium, approved
the study (2014/0619).

Correlation with inflammatory markers. Nasal tissue
collected during functional endoscopic sinus surgery in
the Ghent University Hospital is routinely preserved
when the patient consents. Therefore, it was possible to
retrospectively collect data on inflammatory markers,
including eosinophilic cationic protein (ECP), IL-5, IgE,
Staphylococcus aureus enterotoxin-specific IgE, IL-17,
TNFo and IFNyin 138 responders with nasal polyps.

Study endpoints. The primary endpoint of this study
comprised the prevalence of alcohol hyper-responsive-
ness in CRSwWNP subgroups and for control purposes in
the allergic rhinitis, CRSsNP and healthy population.

As secondary endpoints, we aimed to determine the
most reported symptoms and triggering alcoholic drinks
and the characteristics of the nasal hyper-responsive-
ness reaction (duration, latency...). Furthermore, we
aimed to evaluate inflammatory markers in CRSwNP
with and without nasal alcohol HR.

Statistical analysis

A two-tailed Fisher exact test was used to examine cat-
egorical data. The Mann—Whitney U-test was used for
continuous variables. The Kruskal-Wallis test was used
to compare continuous variables between multiple
groups. In addition, a multiple logistic regression test
with age and gender as covariates was performed. A
two-sided P value of <0.05 was regarded as significant
for all tests. The computer-based analysis program SPSS
(IBM SPSS Statistics for Macintosh, Version 21, Chi-
cago) was used for calculations.

Results

Demographics and characteristics of all respondents

Questionnaires were sent to a total of 1281 subjects. A
response rate of 65% was reached after the reminder.
Only three questionnaires were excluded from analysis,
as they were incomplete. More information can be
found in Fig. 1, and demographic characteristics of all
respondents are detailed in Table 1.

S TOTAL PERSONS RECEIVED QUESTIONNAIRE: 1281
= |
2 \ \ \ \
g CRSwNP CRSsNP AR CONTROLS
'% 534 198 369 180
c
.S 447 (35%)
5 non.-responders L ‘ 114 ‘ ‘ 101 ‘ . ‘ ) ‘
=] or incomplete
i questionnaires
Total 837 CRSwNP CRSsNP AR CONTROLS
(65%) 420 97 137 180
(78,7%) (50,0%) (37,1%)
95 responders
never consume H — ‘
alcohol (11,4%)
&
© Total 737 CRSwNP CRSsNP CONTROLS
‘_C“ reponders 362 86 125 166
[ who (86,2%) (88,7%) (91,2%) (92,2%)
consume
alcohol
301 CRSwNP patients
previously underwent surgery
Phenotyping available from 138
L CRSwNP patients

Fig. 1. The data collection and selection of questionnaires for analysis. Characteristics including drinking habits were assessed for all 837
responders. Analysis of alcohol hyper-responsiveness was performed in 737 responders who consume alcohol. Of these 369 patients previously
underwent functional endoscopic sinus surgery (FESS) and data on inflammatory markers in nasal tissue was available in 165 patients.
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Table 1. Demographics and characteristics of respondents

CRSwNP CRSsNP Allergic rhinitis Control

Number, n 420 97 137 180
Gender, female/male 34/66 4456 61/39 48/52
Age, Median (IQR) 57 (46-65) 52 (41-62) 37 (28-52) 51 (33-63)
Allergy, n (%) 198 (47.6) 33 (34) 137 (100) 0 (0)
Asthma, n (%) 178 (42.4) 14 (14.6) 30 (22.1) 0 (0)
NERD, n (%) 77 (18.3) 6 (6.3) 4 (2.9) 4 (2.2)
Food allergy or 77 (18.4) 21 (22.1) 34 (24.8) 13 (7.3)

hypersensitivity, n (%)
Previous FESS, n (%) 337 (83.6) 77 (88.5) 11 (8.7) 0 (0)
Recurrence, n (%) 155 (43.1) NA NA NA
Smoker, n (%) 44 (10.5) 8 (8.2) 16 (11.7) 23 (12.8)
Alcohol abstainer, n (%) 58 (13.8) 11 (11.3) 12 (8.8) 14 (7.8)

Table 1 depicts the demographics and characteristics of all respondents in the different groups. Patients with chronic rhinosinusitis with nasal
polyps (CRSwNP) are oldest and predominantly male. Asthma and NSAID hypersensitivity are more prevalent in CRSwNP. Self-reported food
allergy or hypersensitivity is more prevalent in chronic airway diseases as compared to healthy controls. CRSWNP, chronic rhinosinusitis with
nasal polyps; CRSsNP, chronic rhinosinusitis patients without nasal polyps; NERD, NSAID exacerbated respiratory disease.

Table 2. Drinking habits of respondents

CRSwWNP with NERD CRSwNP with asthma CRSwWNP alone CRSsNP AR Control
Alcohol abstainer, n (%) 11 (23.7%) 20 (14.3%) 27 (11.2) 11 (11.3%) 12 (8.8%) 14 (7.8%)
Units of alcohol/week, Median (IQR) 4 (0.5-10) 5 (2-10.75) 4 (1-10) 5 (2—10) 4 (2-7) 5 (2-10)

Table 2 demonstrates the drinking habits in the different groups. The highest percentage of alcohol abstainers is situated in the nasal polyp group.
Particularly in the case of NERD, 23.7% (n = 11) of patients never consumes alcohol. AR, Allergic rhinitis; CRSWNP, chronic rhinosinusitis with

nasal polyps; CRSsNP, chronic rhinosinusitis patients without nasal polyps; NERD, NSAID exacerbated respiratory disease.

As compared to controls, patients with CRSWNP were
older (P < 0.001) and predominantly male (P = 0.001).
Asthma and NSAID hypersensitivity were far more
reported by the nasal polyp group as compared to the
CRSsNP, allergic rhinitis and healthy groups
(P < 0.001). Self-reported food allergy or hypersensitiv-
ity was more prevalent in chronic airway diseases as
compared to healthy controls (P < 0.001). Smoking
habits were similar between groups. We found that
11.4% of all responders never consumed alcohol or quit
consuming alcohol. Interestingly, up to 23.7% of
patients suffering from NERD do not consume alcohol
(see Table 2), which was significantly more than the
control group (P = 0.005). Except for smoking habits,
there were no significant differences in demographic
characteristics between subjects who consume alcohol
and alcohol abstainers. In the population with CRSwNP
and AR, significantly more subjects smoke in the alco-
hol-consuming group as compared to the abstainer
group (resp. P < 0.001 and P = 0.023). Alcohol abstain-
ers were excluded from further analysis.

The prevalence of alcohol-elicited respiratory reactions

All chronic airway disease groups reported significantly
more respiratory alcohol HR (P < 0.0001), and nasal

alcohol HR (P < 0.0001) as compared to control
patients. Bronchial reactions were significantly corre-
lated with the presence of concomitant asthma
(P < 0.0001). We found no significant difference in res-
piratory alcohol HR between patients with NERD and
nasal polyp patients with concomitant asthma. How-
ever, NERD patients reported significantly more alcohol
HR as compared to all the other groups, namely
CRSwNP without concomitant asthma or NSAID hyper-
sensitivity, CRSsNP, AR and the control group (Fig. 2).
There was no significant difference in respiratory or
nasal hyper-responsiveness between CRSwNP patients
without concomitant asthma and CRSsNP and allergic
rhinitis patients. Neither was there a significant differ-
ence between CRSsNP and AR patients.

The prevalence and type of respiratory reactions
induced by alcohol in each group is summarized in
Fig. 2. Respiratory alcohol hyper-responsiveness was
reported by 62.9% of respondents with NERD, 45.9%
CRSwNP patients and concomitant asthma, 31.6% of
CRSwNP patients without asthma, 26.2% of respondents
with CRSsNP, 25.8% of respondents with allergic rhini-
tis and 3.7% of healthy responders. Alcohol ingestion
was more associated with the induction of nasal than
bronchial complaints (P < 0.0001) (Fig. 2). Nasal block-
age was the symptom most commonly associated with

© 2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 47 : 245-253
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Nasal and/or bronchial alcohol
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Fig. 2. The prevalence of alcohol hyper-responsiveness in different groups by means of histograms. Alcohol hyper-responsiveness (HR) is signifi-
cantly higher is all groups marked with * (P < 0.05) or ** (P < 0.001). Alcohol HR is not significantly different between NSAID exacerbated respi-
ratory disease (NERD) and chronic rhinosinusitis with nasal polyps (CRSWNP) and asthma (P = 0.083); between CRSWNP without asthma and
chronic rhinosinusitis patients without nasal polyps (CRSsNP) (P = 0.40) or allergic rhinitis (AR) (P = 0.27); and between CRSsNP and AR
(P = 1.00). The Fisher exact test was used to calculate statistics. In all groups, nasal symptoms are most reported.

the consumption of alcoholic drinks followed by rhin-
orrhea (data not shown).

As population characteristics regarding age and gen-
der differ among upper respiratory diseases [12], we
performed a multiple logistic regression test with age
and gender as covariates. The odds of alcohol HR
remained significantly higher in CRSwWNP as compared
to controls, CRSsNP and AR and were not influenced
by gender (P = 0.082), although the odds of having
AHR decreased with age (P = 0.002).

Within the nasal polyp population, the prevalence of
nasal alcohol HR was significantly higher in subgroups
with a more severe and symptomatic disease, as con-
cluded from recurrence of nasal polyps (P = 0.008), a
VAS score of more than 5 (P < 0.001), the need for
repetitive treatments with oral steroids (P = 0.041) and
antibiotics (P = 0.002), and the presence of concomitant
asthma (P =0.005) and NSAID hypersensitivity
(P = 0.010) (Fig. 3).

Characteristics of nasal alcohol hyper-responsiveness

Nasal alcohol HR was not limited to one type of bever-
age but most alcohol-containing drinks appeared to
cause symptoms, except for CRSwNP without asthma
and CRSsNP subjects who reported, respectively, red
and white wine as most forceful trigger (Figure S1).
Patients with chronic airway disease reported to

© 2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 47 : 245-253

experience nasal complaints in only in half of the times
subsequent to drinking alcohol (Figure S2). Symptoms
develop within an hour in 50.5% of CRSwNP, 41.2% of
CRSsNP and 44.4% of AR patients. The remaining
patients and the control group indicated it takes more
than 1 h but <1 day for nasal symptoms to develop
(Figure S3). Symptoms endure more than 1 h, but
<1 day in the majority of patients in the inflammatory
groups, although in half of the control patients, symp-
toms persist longer than a day (Figure S4). The quantity
necessary to develop nasal alcohol HR in chronic upper
airway diseases varies from 1 to more than 3 units. In
contrast, 1 unit appeared not sufficient to induce symp-
toms in control patients (Figure S5). The quantity of
units before symptoms develop was significantly corre-
lated with the time of onset of symptoms in CRSwNP
(P < 0.001), AR (P <0.001) and CRSsNP (P = 0.048).
The group of controls with nasal alcohol HR (n = 6 of
166) was underpowered for statistics. The quantity nec-
essary, time of onset and duration of nasal alcohol HR
could not be correlated with any other factor in any
group, except for the AR where the onset of symptoms
was significantly later in younger patients (P = 0.015).
All patient groups reported more severe alcohol-
induced upper airway symptoms as compared to
healthy controls (Figure S6).

Patients with CRSwWNP or AR experienced nasal alco-
hol HR before their diagnosis was set. In the case of
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Nasal alcohol HR in CRSwWNP
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Fig. 3. The prevalence of nasal alcohol hyper-responsiveness (HR) (% of total) in respect to the severity of nasal polyp disease. Nasal alcohol HR
is significantly more prevalent in recurrent disease (P = 0.008), in chronic rhinosinusitis with nasal polyps (CRSWNP) with uncontrolled symptoms
(P < 0.001), in nasal polyp patients necessitating oral steroids (P = 0.041) and antibiotics (P = 0.002) and when case of concomitant asthma

(P = 0.005) or NSAID hypersensitivity (P = 0.010).

Nasal ECP in CRSwWNP
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Fig. 4. Eosinophilic cationic protein (ECP) levels in chronic rhinosi-
nusitis with nasal polyps (CRSWNP) with and without nasal alcohol
hyper-responsiveness (HR) by means of a scatterplot with median and
interquartile range. Levels are significantly higher in CRSwNP and
alcohol HR (P = 0.018).

CRSsNP, nasal alcohol HR developed after diagnosis
(Figure S7).

Inflammatory markers in nasal polyps from patients
with alcohol hyper-responsiveness

Tissue of 138 CRSwNP patients was phenotyped by
measurement of ECP, IL-5, IgE, SAE-specific IgE, IL-17,
TNFo and IFNy. ECP levels in nasal tissue were signifi-
cantly higher in CRSwWNP patients with nasal alcohol

HR (P = 0.018) (see Fig. 4). Tissue levels of IL-5, IgE,
SAE-specific IgE, IL-17, TNFa and IFNy did not differ
significantly between patients with or without nasal
alcohol HR.

Discussion

The prevalence of alcohol hyper-responsiveness in
patients with chronic airway disease and healthy con-
trols was assessed; and subsequently, responders with
CRSWNP were phenotyped when possible. We found
that the prevalence of alcohol HR and alcohol absti-
nence parallels the severity of the chronic upper airway
pathology. Furthermore, nasal alcohol HR is signifi-
cantly more frequent in CRSWNP patients with uncon-
trolled symptoms and recurrent disease. Nasal tissue
ECP expression is significantly higher in CRSWNP with
nasal alcohol HR as compared to non-HR patients.

In line with the literature, we found that upper respi-
ratory reactions to alcoholic beverages are more preva-
lent than lower respiratory reactions [8]. Next to the
possibility that the nasal mucosa could be more prone
to the alcohol trigger, the preponderance of nasal
symptoms could also be influenced by our patient
selection as we focussed on chronic upper respiratory
diseases. Furthermore, it has been reported that alco-
hol-elicited lung symptoms are most frequently
reported in the asthmatic population [7]. Indeed, our
results show that bronchial reactions are significantly
correlated with the presence of concomitant asthma
(P < 0.0001).

© 2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 47 : 245-253
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Although it has been reported that respiratory reac-
tions to alcohol are not determined by the severity of
pulmonary disease in the NERD population [8], we
found that nasal alcohol HR is related to severity of
upper respiratory inflammation. The prevalence of alco-
hol hyper-responsiveness is as high as 57.1% in the
NERD subgroup, the most severe end of nasal polyp
disease spectrum. Furthermore, nasal alcohol HR is sig-
nificantly more prevalent in patients with a more severe
and symptomatic form of nasal polyp disease.

We chose to use the term ‘alcohol hyper-responsive-
ness’, as we believe that symptoms in response to inges-
tion of alcohol are not a consequence of
‘hypersensitivity’ or ‘allergy’ to alcohol, but rather a
symptom of severe inflammation.

We found a recurrence rate of 43.1% in the CRSwNP
population, which is slightly more than the 36% that
we found in the 12-year follow-up study (forthcoming).
This could be explained as patients with more severe
disease appear to experience more nasal alcohol HR,
and these patients are thus more likely to respond to
the questionnaire.

Interestingly, nasal symptoms do not always occur
after alcohol consumption. Hyper-responsiveness might
depend on simultaneous intake of food and on disease
control. For example, patients suffering from seasonal
allergy may experience more nasal alcohol HR during
the pollen season and nasal alcohol HR in nasal polyp
patients may improve during treatment with oral ster-
oids or shortly after surgery or conversely worsen dur-
ing exacerbations.

The quantity necessary to induce nasal alcohol HR is
very variable in patients with CRSwNP. An important
percentage of these patients develop symptoms rapidly,
which could explain that fewer units are consumed
before symptoms develop. For controls, nasal symptoms
occur after at least 1 unit, and in general, they experi-
ence symptoms later and longer as compared to the
subjects with respiratory inflammation.

In future, an interventional study challenging
patients with pure diluted alcohol and other beverages
(wines or beers) is needed to investigate the mechanism
of alcohol hyper-responsiveness.

Several questions have to be addressed. First alcohol
may influence immunology, or conversely the altered
immunology in chronic airway diseases may cause the
respiratory reactions upon exposure to alcohol. Several
studies propose alcohol could cause eosinophilic
inflammation [13] or induce IgE [14] supporting the
first possibility [15]. The latter hypothesis is analogous
to reports in NERD, suggesting respiratory mucosal
inflammatory disease could be the underlying mecha-
nism in aspirin hypersensitivity [16, 17]. Our results
show that many CRSwNP experienced alcohol HR
before the diagnosis of CRSWNP was made. However,

© 2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 47 : 245-253

diagnosis is often delayed as polyps can only be visual-
ized by endoscopy, so nasal polyps could already be
present before or at the same time that the nasal alco-
hol HR developed.

The role of additives is another question when con-
sidering the mechanisms of alcohol-elicited reactions.
Additives could contribute to the exacerbation of upper
and/or lower airway symptoms [18-21]. Sulphites [19],
salicylates [8] and histamine [22, 23] are well-known
additives to alcoholic beverages [21]. Analogous to data
published by Cardet and Nihlen [3, 8], our data con-
firmed that all types of alcohol-containing beverages
elicit hyper-responsiveness, suggesting that substances
common to all beverages cause respiratory reactions. In
contrast to additives, alcohol is certainly a common
ingredient. Furthermore, subjects reporting respiratory
symptoms to alcohol did not indicate hyper-responsive-
ness to sulphite-containing foods (e.g. dried fruit) or
histamine-rich foods (e.g. aged cheeses). In addition, it
has been reported that sulphite hypersensitivity is very
rare in the non-asthmatic population [24] and that
treatment with loratadine has an effect on red wine-
induced rhinorrhea, but not on the dominating symp-
tom: nasal obstruction [25]. Taken together, sulphite or
histamine hypersensitivity cannot completely explain
alcohol hyper-responsiveness in our population.

In contrast, we found that allergy or hypersensitivity
to common food allergens (milk, peanuts, eggs, tree
nuts, gluten, soy, mustard, lupine, celery...) is more
prevalent in the alcohol hyper-responsive population.
There is a strong link between food allergy and asthma
[26], and as there are significantly more asthma
patients in the nasal AHR group, this could represent a
possible explanation.

Finally, nasal symptoms upon alcohol consumption
could be caused by non-specific mechanisms, including
vasodilatation [27]. However, alcohol hyper-responsive-
ness is uncommon in controls rendering non-specific
mechanisms less likely.

Clinical implications of this study include patient edu-
cation, as alcohol can be avoided to reach better symp-
tom control. Furthermore, the higher prevalence of polyp
recurrence in the group with nasal alcohol HR is impor-
tant for both the patient and the surgeon. Secondly, we
suggest avoidance of topical medication with alcohol-
based carrier in clinical practice or in clinical trials as
the nasal mucosa might react to direct application.
Thirdly, our findings help to further unravel mechanisms
in CRSwNP pathogenesis. It has been suggested that
alcohol hyper-responsiveness and aspirin hypersensitiv-
ity share a common pathogenesis [8]. We agree that both
phenomena are a consequence of the altered microenvi-
ronment in chronic inflammatory airway diseases.

Limitations in this study are inherent to data collection
by means of a questionnaire. Disease severity in the
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patient groups was self-reported, as is the absence of any
nasal or lung disease in healthy volunteers or the pres-
ence of aspirin exacerbated respiratory disease. The latter
could explain that the hyper-responsive rate in NERD
(62.9%) was lower than reported by Cardet et al. (80%).

Furthermore, it should be considered to what extent
response bias could have influenced results. It cannot
be excluded that prevalence might be higher or lower
than estimated here, as patients experiencing alcohol-
related symptoms are probably more likely to respond,
but conversely certain subjects did not want to fill in
the questionnaire because we asked for drinking habits,
which is a sensitive issue. The questionnaire was not
validated, and the extensiveness could result in bias
due to ‘responder fatigue’. Finally, alcohol abstainers
were not questioned on characteristics of alcohol
hyper-responsiveness. These patients were thus not
included in the analysis of the hyper-responsive group,
and consequently, we found a lower percentage of alco-
hol avoidance in this group as compared to the non-
hyper-responsive group. Although the reason these
patients abstained from alcohol was not asked in this
questionnaire, many nasal polyp patients probably
avoid alcoholic beverages after experiencing alcohol-
induced symptom exacerbation.

In conclusion, we found that alcohol HR is significantly
more prevalent in the case of chronic airway inflamma-
tion. Prevalence of these reactions increases with increas-
ing disease severity and was highest in NERD, the severe
end of the spectrum of chronic inflammatory nasal dis-
eases. Furthermore, in CRSWNP, nasal alcohol HR is sig-
nificantly more frequent in more severe and uncontrolled
symptomatic subgroups. Local ECP levels are signifi-
cantly higher in the alcohol HR CRSwNP population. To
conclude, our results suggest that airway hyper-respon-
siveness to alcohol-containing liquids is related to the
severity of airway inflammation.

Acknowledgements

Philippe Gevaert, Els De Schryver and Lara Derycke
delivered the design of the study. Els De Schryver
developed the questionnaires, recruited the patients,
sent the questionnaires, collected the data and per-
formed the statistical analysis. Els De Schryver, Philippe
and Lara Derycke interpreted the data and drafted the
manuscript. Els De Schryver, Philippe Gevaert, Thibaut
Van Zele, Claus Bachert, Peter Hellings and Lara Der-
ycke finalized the manuscript. All authors revised the
manuscript and approved the final version. The opin-
ions, results and conclusions reported in this manu-
script are those of the authors and are independent of
the funding sources. The corresponding author had full
access to all data in the study and had final responsibil-
ity for the decision to submit for publication.

Funding

Els De Schryver receives funds from Special Research
Fund (BOF, B/11005/02). Philippe Gevaert receives a
grant as a senior clinical investigator from the Flemish
Scientific Research Board (FWO). This work was also
supported by grants to Claus Bachert from the Flemish
Scientific Research Board (FWO, Nr. A12/5-HB-KH3
and G.0436.04) and by the Interuniversity Attraction
Poles Programs (IUAP) — Belgian state — Belgian Science
Policy P6/35 and P7/30. Peter Hellings is the recipient
of a postdoctoral mandate of the FWO Flanders.

The opinions, results and conclusions reported in this
manuscript are those of the authors and are indepen-
dent of the funding sources.

Conflict of interest

The authors declare no conflict of interest.

References

1

N

Szczeklik A, Stevenson DD. Aspirin-
induced asthma: advances in patho-
genesis, diagnosis, and management. J
Allergy Clin Immunol 2003; 111:913—
21; quiz 22.

Berges-Gimeno MP, Simon RA, Steven-
son DD. The natural history and clinical
characteristics of aspirin-exacerbated
respiratory disease. Ann Allergy Asthma
Immunol 2002; 89:474-8.

Nihlen U, Greiff L], Nyberg P, Persson
CG, Andersson M. Alcohol-induced
upper airway symptoms: prevalence
and co-morbidity. Respir Med 2005;
99:762-9.

(S

()]

~

oo

Zellweger JP. Alcohol-induced asthma:
not only in Asians. J Allergy Clin
Immunol 1997; 99(6 Pt 1):860.

Ayres JG. Alcohol-induced bronchial
asthma. J Allergy Clin Immunol 1997,
99(6 Pt 1):860.

Linneberg A, Berg ND, Gonzalez-Quin-
tela A, Vidal C, Elberling J. Prevalence of

Exp Allergy 2008; 38:145-51.

Alcoholic drinks:

are common in patients with aspirin
exacerbated respiratory disease. J Allergy
Clin Immunol Pract 2014; 2:208—13.

Fokkens WJ, Lund VJ, Mullol J et al.
EPOS 2012: European position paper
on rhinosinusitis and nasal polyps
2012. A summary for otorhinolaryn-
gologists. Rhinology 2012; 50:1-12.

self-reported hypersensitivity symptoms 10 Bousquet J, Khaltaev N, Cruz AA et al.
following intake of alcoholic drinks. Clin Allergic Rhinitis and its Impact on
Asthma (ARIA) 2008 update (in collab-
Vally H, de Klerk N, Thompson PJ. oration with the World Health Organi-
important triggers zation, GA(2)LEN and AllerGen).

for asthma. J Allergy Clin Immunol Allergy 2008; 63(Suppl. 86):8—160.
11 Van der Veen J, Seys SF, Timmermans

2000; 105:462-7.
Cardet JC, White AA, Barrett NA et al.
Alcohol-induced respiratory symptoms

M et al. Real-life study showing
uncontrolled rhinosinusitis after sinus

© 2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 47 : 245-253



Alcohol hyper-responsiveness in CRSWNP 253

12

14

15

16

surgery in a tertiary referral center.
Allergy 2016; DOI: 10.1111/all.12983
Johansson L, Akerlund A, Holmberg K,
Melen I, Bende M. Prevalence of nasal
polyps in adults: the Skovde popula-
tion-based study. Ann Otol Rhinol
Laryngol 2003; 112:625-9.

Bouchard JC, Kim J, Beal DR, Vaickus
LJ, Craciun FL, Remick DG. Acute oral
ethanol exposure triggers asthma in
cockroach allergen-sensitized mice.
Am J Pathol 2012; 181:845-57.
Gonzalez-Quintela A, Garrido M, Gude
F et al. Sensitization to cross-reactive
carbohydrate determinants in relation
to alcohol consumption. Clin Exp
Allergy 2008; 38:152—60.

Friedrich N, Husemoen LL, Petersmann
A, Nauck M, Volzke H, Linneberg A. The
association between alcohol consumption
and biomarkers of alcohol exposure with
total serum immunoglobulin E levels.
Alcohol Clin Exp Res 2008; 32:983-90.
Fahrenholz JM. Natural history and
clinical features of aspirin-exacerbated
respiratory disease. Clin Rev Allergy
Immunol 2003; 24:113-24.

Supporting Information

17

19

20

2

—_

22

Pezato R, Swierczynska-Krepa M, Nizan-
kowska-Mogilnicka E et al. Systemic
expression of inflammatory mediators in
patients with chronic rhinosinusitis and
nasal polyps with and without Aspirin
Exacerbated Respiratory Disease. Cyto-
kine 2016; 77:157—-67.

Wantke F, Hemmer W, Focke M, Hagl-
muller T, Gotz M, Jarisch R. The red
wine maximization test: drinking his-
tamine rich wine induces a transient
increase in plasma diamine oxidase
activity in healthy volunteers. Inflamm
Res 1999; 48:169-70.

Vally H, Misso NL, Madan V. Clinical
effects of sulphite additives. Clin Exp
Allergy 2009; 39:1643-51.

Dahl R, Henriksen JM, Harving H. Red
wine asthma: a controlled challenge
study. J Allergy Clin Immunol 1986;
78:1126-9.

Gershwin ME, Ough C, Bock A, Fletcher
MP, Nagy SM, Tuft DS. Grand rounds:
adverse reactions to wine. J Allergy Clin
Immunol 1985; 75:411-20.

Wantke F, Gotz M, Jarisch R. The red
wine provocation test: intolerance to

23

24

25

26

27

histamine as a model for food intoler-
ance. Allergy Proc 1994; 15:27-32.
Wantke F, Hemmer W, Haglmuller T,
Gotz M, Jarisch R. Histamine in wine.
Bronchoconstriction after a double-blind
placebo-controlled red wine provocation
test. Int Arch Allergy Immunol 1996;
110:397—-400.

Lester MR. Sulfite sensitivity: signifi-
cance in human health. J Am Coll Nutr
1995; 14:229-32.

Andersson M, Persson CG, Svensson C,
Cervin-Hoberg C, Greiff L. Effects of
loratadine on red wine-induced symp-
toms and signs of rhinitis. Acta Oto-
laryngol 2003; 123:1087-93.

Liu AH, Jaramillo R, Sicherer SH et al.
National prevalence and risk factors
for food allergy and relationship to
asthma: results from the National
Health and Nutrition Examination Sur-
vey 2005-2006. J Allergy Clin Immu-
nol 2010; 126:798-806.e13.

Puddey IB, Zilkens RR, Croft KD, Beilin
LJ. Alcohol and endothelial function: a
brief review. Clin Exp Pharmacol Phys-
iol 2001; 28:1020-4.

Additional Supporting Information may be found online in the supporting information tab for this article:

Table S1. Comparison of patient characteristics in CRSWNP with and without nasal alcohol HR.
Figures S1. Shows the causal beverages for the induction of nasal alcohol HR in the different groups. In CRSWNP

Figure S2.
Figure S3.
Figure S4.
Figure S5.
Figure Se.
Figure S7.

© 2016 John Wiley & Sons Ltd, Clinical & Experimental Allergy, 47 : 245-253

without asthma and in CRSsNP wines appear to be the most forceful triggers, whereas in all other groups all types
of alcoholic beverages are most reported to cause nasal alcohol HR.
Demonstrates how often patients experience nasal alcohol HR after consumption of beverages.
Shows the latency between drinking and the occurrence of nasal symptoms in the different groups.
Demonstrates the duration of nasal symptoms in the different groups.

Shows the quantity of alcohol needed to elicit nasal alcohol HR.
Shows the severity of alcohol-elicited nasal symptoms.
Demonstrates that nasal alcohol HR was present before diagnosis or developed at the same time of
diagnosis for the majority of CRSWNP or allergic rhinitis patients.
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Table S1: comparison of patient characteristics in CRSwNP with and without nasal alcohol HR.

CRSwNP Nasal alcohol HR No alcohol HR P-value
Number, n 129 231 NA
Gender, female/male (%/%) | 38/62 28/72 0.045
Age, Median (IQR) 53 (44-62) 58 (50-66) 0.001
Smoker, n (%) 15 (11.6) 27 (11.7) 0.46
Allergy, n (%) 64 (49.6) 107 (46.5) 0.508
Asthma, n (%) 65 (50.4) 80 (34.6) 0.004
NSAID hypersensitivity, 26 (20.2) 23 (10.0) 0.010
n (%)

Food allergy or | 35(27.1) 25(10.9) <0.0001
hypersensitivity, n (%)

Nasal hyper-reactivity to | 4 (3.2) 7(3.1) 0.93
chemical substances, n (%)

Previous FESS, n (%) 118 (91.4) 183 (79.1) 0.012
Recurrence, n (%) 68 (52.7) 87 (37.8) 0.008
Severity nasal symptom | 4.5 (2.2-6) 2.0 (0.6-4.8) <0.0001
(VAS), Median (IQR)

Oral steroid treatment, n | 11 (8.7) 73.1) 0.041
(%)

Oral Antibiotics, n (%) 17 (13.2) 9 (4.0) 0.002
Asthma treatment, n (%) 56 (42.5) 60 (26.9) 0.003

Table S1: shows the characteristics of CRSWNP patients and nasal alcohol HR. Patients with nasal
alcohol HR are younger, predominantly female, and suffer more from recurrent disease, concomitant
asthma, NSAID intolerance and food hypersensitivity or allergy. Prior surgery and treatment with oral

steroids and ora antibiotics is more frequent in the nasal alcohol HR group and symptoms are more

severe.




Figures S1 Summarize the characteristics of nasal alcohol HR, which was present in 35,8% of patients
with CRSWNP. Among them, prevalence was highest in subjects with CRSWNP and asthma (40,9%)
and in the subgroup with asthma and NSAID intolerance (57,1%). Nasal hyper-responsiveness to

a cohol was also reported by 21,4% of CRSSNP subjects, 23,4% of AR patients and 3,1% of healthy
controls. Data is thus shown for 129 CRSwNP patients (NERD n=20, CRSWNP with asthma n=45,

CRSwNP patients without asthma n=64), 18 CRSsNP patients, 29 AR patients and 5 control subjects.
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Figure S1 Shows the causal beverages for the induction of nasal alcohol HR in the different groups. In
CRSwNP without asthma and in CRSsNP wines appear to be the most forceful triggers, whereas in all

other groups all types of alcoholic beverages are most reported to cause nasal alcohol HR.



Figure S2

Frequency of nasal alcohol HR
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Figure S2 Demonstrates how often patients experience nasal alcohol HR after consumption of
beverages. In patients with chronic nasal inflammation 5,6% - 19,8 % indicates nasal alcohol HR
always occurs. None of the 6 healthy controls with nasal alcohol HR experiences symptoms each time

alcohol is consumed. ‘Mostly’ is defined as in more than 50% of the times alcohol is consumed.



Figure S3

Onset of
alcohol-induced nasal symptoms
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Figure S3 Shows the latency between drinking and the occurrence of nasal symptoms in the different
groups. In approximately half of the patients diagnosed with a chronic inflammatory nasal disease,
symptoms occur within an hour. In the other half symptoms develop within the day of alcohol
consumption, except for 3,7 % of allergic rhinitis patients where it takes more than a day. In contrast,
all 6 controls with nasal alcohol HR report it takes more than one hour but less than a day for

symptoms to develop.



Figure 4

Duration of
alcohol-induced nasal symptoms
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Figure S4 Demonstrates the duration of nasal symptoms in the different groups. The majority of
patients with chronic inflammatory nasal disease report that symptoms resolve the same day as they

develop. In contrast symptoms persist more than a day in 50% of controls with nasal alcohol HR.



Figure S5

Quantity of units needed to elicit nasal
symptoms
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Figure S5 Shows the quantity of alcohol needed to elicit nasal alcohol HR. One unit is sufficient to
develop nasal alcohol HR in about one-third of the chronic upper airway diseases. In control patients 1

unit is not sufficient to induce symptoms.



Figure S6

Severity of
alcohol-induced nasal symptoms
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Figure S6 Shows the severity of alcohol-elicited nasal symptoms. Nasal alcohol HR symptoms are
more severe in patients with chronic nasal inflammation as compared to healthy controls with nasal

alcohol HR.



Figure S7
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Figure S7 demonstrates that nasal alcohol HR was present before diagnosis or developed at the same

time of diagnosis for the mgjority of CRSWNP or allergic rhinitis patients. In the case of CRSsNP,

nasal alcohol HR devel oped after diagnosis
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