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Abstract

Background: Chronic rhinosinusitis (CRS) is a common disorder associated with other respiratory tract diseases
such as asthma and inhalant allergy. However, the prevalence of these co-morbidities varies considerably in the
existing medical literature and by phenotype of CRS studied. The study objective was to identify the prevalence
of asthma, inhalant allergy and aspirin sensitivity in CRS patients referred to secondary care and establish any
differences between CRS phenotypes.
Methods: All participants were diagnosed in secondary care according to international guidelines and invited
to complete a questionnaire including details of co-morbidities and allergies. Data were analysed for differences
between controls and CRS participants and between phenotypes using chi-squared tests.
Results: The final analysis included 1470 study participants: 221 controls, 553 CRS without nasal polyps (CRSsNPs),
651 CRS with nasal polyps (CRSwNPs) and 45 allergic fungal rhinosinusitis (AFRS). The prevalence of asthma was
9.95, 21.16, 46.9 and 73.3% respectively. The prevalence of self-reported confirmed inhalant allergy was 13.1, 20.3,
31.0 and 33.3% respectively; house dust mite allergy was significantly higher in CRSwNPs (16%) compared to CRSsNPs
(9%, p < 0.001). The prevalence of self- reported aspirin sensitivity was 2.26, 3.25, 9.61 and 40% respectively. The odds
ratio for aspirin sensitivity amongst those with AFRS was 28.8 (CIs 9.9, 83.8) p < 0.001.
Conclusions: The prevalence of asthma and allergy in CRS varies by phenoytype, with CRSwNPs and AFRS having a
stronger association with both. Aspirin sensitivity has a highly significant association with AFRS. All of these
comorbidities are significantly more prevalent than in non-CRS controls and strengthen the need for a more
individualised approach to the combined airway.
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Background
Chronic rhinosinusitis (CRS) is the term used to denote a
common symptom set lasting for more than 12 weeks and
requires endoscopic or radiological confirmation [1]. Such
symptoms include nasal blockage, rhinorrhoea, facial pain
and loss of sense of smell. CRS affects a significant pro-
portion of the adult population with a recent European

study suggesting a prevalence of 11% [2]. The pathophysi-
ology for CRS is not yet fully understood but it is currently
accepted to roughly divide cases into two common pheno-
types – those with polyps and those without nasal polyps
(CRSwNPs and CRSsNPs respectively). There are many
proposed aetiological factors; viruses, bacteria and fungi
alongside host and environmental factors have all been
implicated with the likelihood of an array of underlying
endotypes.

Allergic fungal rhinosinusitis (AFRS) is an increasingly
recognised distinct subtype of CRSwNPs that represents a
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therapeutically more challenging condition. AFRS was
first described in 1976 [3] where resected nasal mucosa
from group of young adults with a history of asthma and
chronic nasal polyps was found to contain similar histo-
logical features, including a distinct mucinous material
containing eosinophils, Charcot-Leyden crystals, and fun-
gal hyphae. The most commonly used classification today
is that defined by Bent and Kuhn in 1994 [4] which states
that AFRS is a condition associated with five major diag-
nostic criteria; 1) evidence of type I hypersensitivity (IgE
mediated), 2) nasal polyposis, 3) characteristic computed
tomography findings, 4) eosinophilic mucus, and 5) posi-
tive fungal smear, and six associated supporting criteria; 1)
asthma, 2) unilateral predominance, 3) radiographic bone
erosion, 4) fungal culture, 5) Charcot-Leyden crystals, and
6) serum eosinophilia.

In addition to the potential causative factors already
described, aspirin is also known to exacerbate nasal
symptoms. In some patients, this is as part of aspirin ex-
acerbated respiratory disease (AERD) [5]. This was first
described in 1922 by Widal [6] as a triad of symptoms
including aspirin sensitivity, asthma, and nasal polyposis,
more commonly known as Samter’s triad [7]. AERD ini-
tially includes upper airway symptoms such as nasal ob-
struction/congestion and rhinorrhoea, and progresses
over months and years to development of lower airway
symptoms, including shortness of breath, which can de-
velop into life-threatening asthma [8].

The role of atopy in CRS is widely debated in the med-
ical literature but it is generally accepted that it is not a de-
finitive aetiological factor. The reports of the prevalence of
allergic rhinitis in CRS vary wildly, ranging from as low as
10% to as high as 84% [9–13], with differing phenotype
cases included in the relevant studies likely to be an influ-
ential factor. The European Position Paper on Rhinosinusi-
tis and Nasal Polyps suggests that a selection bias in these
studies by physicians with an interest in allergy, has led to
artificially high reporting of inhalant allergy in CRS [1].

The prevalence of asthma in CRS also varies consider-
ably in the literature, ranging from 4 to 44% [14–21], in-
fluenced by study design and phenotypes. The association
between the two conditions is commonly recognised [22]
and although the interaction is yet to be fully understood
[23], recent early biomarker research suggests that higher
serum periostin levels may denote cases of CRSwNPs with
comorbid asthma [24]. It is certainly clear that both sever-
ity and duration of CRS are associated with increasing
levels of comorbid asthma [25], suggesting poor control of
CRS heralds more lower respiratory tract disease.

The overarching aims of the Chronic Rhinosinusitis
Epidemiology Study (CRES) were to identify differences
in socio-economic variables, medical co-morbidities and
environmental exposures between patients with CRS
and healthy controls. The aim of this specific analysis

was to identify the prevalence of asthma, inhalant allergy
and aspirin sensitivity in CRS patients referred to sec-
ondary care, and to establish any differences between
CRS phenotypes and compared to control subjects with-
out CRS. This data will help to inform NHS policy
makers and clinical commissioning groups regarding
their approach to upper and lower airway disease.

Methods
The CRES was approved by the Oxford C Research Eth-
ics Committee (Ref: 07/H0606/100), sponsored by the
University of East Anglia (UEA) and funded by the An-
thony Long and Bernice Bibby Trusts. Details of the full
methods used for the whole study can be seen in the
overview publication [26].

Study design
The study was conducted between October 2007 and Sep-
tember 2013 as a prospective case-control multi-centre
questionnaire study. Following inclusion on the national
research network portfolio (NIHR CRN) in 2012, study re-
cruitment increased to an average of 100 participants per
month with a recruitment rate of 66%. The study specific
questionnaire was anonymous and therefore no consent
was required, but implied through participation. Participant
information leaflets were provided. Questionnaires were ei-
ther completed before leaving the clinic or taken home and
returned by post in prepaid envelopes. The returned ques-
tionnaires were then scanned into a database electronically,
and the electronic records were then checked by two mem-
bers of the research team for accurate correlation with the
paper questionnaires and for missing data. The question-
naire was completed on one occasion only.

Setting
A total of 30 secondary/tertiary care sites widely spread
across the UK including the devolved nations of Wales
and Scotland participated in the study where general
otorhinolaryngology or subspecialist rhinology clinics
managed patients referred from primary care.

Participants
Patients were recruited at the point of contact during
outpatient consultation in secondary care, regardless of
prior management in either primary or secondary care
and regardless of prior surgical intervention. They were
classified by sub group of CRS (CRSsNPs, CRSwNPs or
AFRS) by a clinician on the basis of their history and
endoscopic and/or CT findings, prior to completion of
the questionnaire. Controls who had no diagnosis of
nasal or sinus conditions were recruited from amongst
hospital staff and also family and friends of those attend-
ing ENT outpatient clinics (regardless of cause), pro-
vided they met the criteria below.
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Inclusion criteria
Criteria for diagnosis of chronic rhinosinusitis (CRS)
with or without polyps (EPOS guidelines) [1]:

Symptoms must be present for at least 12 weeks and
include:

� nasal blockage/obstruction/congestion and/or nasal
discharge (anterior/posterior nasal drip)

� and either facial pain/pressure and/or reduction or
loss of sense of smell

and additionally:

� endoscopic signs of: polyps and/or mucopurulent
discharge primarily from middle meatus and/or;
oedema/mucosal obstruction primarily in middle
meatus

� and/or CT changes: mucosal changes within the
ostiomeatal complex and/or sinuses

Patients classified as AFRS adhered to either the Bent
and Kuhn criteria (see above) or the modified Vancouver
criteria [27].

Exclusion criteria

� Patients unable to comprehend written English.
� Patients under the age of 18 years.

Exclusion criteria for the control group

� Active sinonasal disease - e.g. ARS, CRS, rhinitis
� Medical co-morbidity being actively treated
� Hospitalisation within the last 12 months

Variables and data sources
The study questionnaire included various specific ques-
tions for allergy and asthma as follows:

“Do you have any known confirmed allergies (on a skin
prick or blood test) e.g house dust mite? Yes/No” followed
by a free text box asking participants to state any allergies.

“Do you have any suspected allergies? Yes/No”, also
followed by a free text box.

“Have you ever experienced any allergy symptoms such
as wheezing, runny nose or itchy skin when taking as-
pirin? Yes/No”.

And under the topic of medical comorbidities, “Do you
have any of the following medical problems?: Asthma…”.

Participants did not separately undergo skin prick tests
or RAST inhalant screens as part of the study.

Bias
All of the comorbid conditions assessed were based on
self-reporting but the questionnaire design and subsequent

analysis was such that the impact of this has been mini-
mized and will be equal across all groups. Aspirin sensitiv-
ity was determined by asking specifically about responses
to aspirin that affect respiratory mucosa, such as wheezing
and rhinorrhoea, so that those with only gastrointestinal
intolerance should not define themselves as aspirin allergic
for the purposes of this questionnaire. NSAID (non-steroi-
dal anti-inflammatory drug) allergy was not specifically
enquired about but a free text box was included for any
additional allergies. Both asthma diagnosis and aspirin
sensitivity are therefore self-reported, but the former was
additionally correlated with reported asthma medication.

Sample size calculation
The sample size calculation was based on the primary
outcome of the study which was to look for common as-
sociations between socioeconomic factors and CRS. For
socio�economic scores, the standard approach is to
compare the proportion of subjects in the lower social
classes to everyone else. In order for the study to have
80% power to detect a difference of 10% in “low social
class” between controls and CRS patients, assuming a
30% rate in the CRS patients, with approximately 5 CRS
patients to 1 control patient, 965 CRS patients and 193
controls were required [26].

Statistical analysis
For the purposes of these analyses we have used descrip-
tive statistics to describe the sample; differences in the
rates of asthma, aspirin sensitivity and inhalant allergy
between groups were assessed by Chi-Squared tests. For
the analysis of aspirin sensitivity, in order to account for
the potential confounding effects, logistic regression was
also used, firstly, we adjusted the analysis for aspirin sen-
sitivity and secondly we adjusted for asthma diagnosis,
age and gender.

Results
Participant flow and missing data
Participants with allergies that were self-reported as hav-
ing been previously confirmed by skin prick test or
RAST, and those reporting suspected allergies were in-
cluded in this analysis. Figure 1 shows the details includ-
ing 21 participants who did not complete the free text
box.

Descriptive data
A total of 1470 participants’ questionnaires were available
for analysis; 1249 with CRS (CRSsNP 553, CRSwNP 651,
AFRS 45) and 221 controls. The age range was 17–
102 years (mean 52) with 54% reported as male (Table 1).
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