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Abstract

Background Chronic rhinosinusitis (CRS) is highly prevalent,
significantly decreases quality of life and leads to tremendous
health care costs every year. No recent study has characterised
the prevalence of potentially CRS-modifying patient charac-
teristics and simultaneously shown their impact on CRS
severity.

Aims We sought to determine the prevalence of potential clin-
ical and demographic CRS-modifying characteristics and their
associations with CRS symptom severity in a large contem-
porary cohort of CRS patients.

Methods Retrospective review of CRS patients who visited
our rhinology clinics between February 2016 and February
2017 was conducted. CRS symptom severity was measured
using the 22-item Sinonasal Outcomes Test (SNOT-22) ques-
tionnaire, which all patients received. Association was sought
between SNOT-22 score (as dependent variable) and patients’
clinical and demographic characteristics using linear
regression.

Results Of the 572 included patients, the mean age was
51.1 years (SD = 15.8) and the mean SNOT-22 score was
34.3 (SD = 22.6). Prevalence of granulomatous diseases, im-
munodeficiency and cystic fibrosis were each approximately
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5%. Prevalence of aeroallergen hypersensitivity was 42.3%
and prevalence of asthma was 27.8%. More severe CRS
symptomatology was associated with smoking tobacco (ad-
justed 3 = 5.47, p = 0.034) and comorbid asthma (adjusted
3 =12.02, p <0.001), whilst less severe symptomatology was
associated with older age (adjusted 3 =—0.23, p = 0.002) and
diagnosis of cystic fibrosis (adjusted 3 = —11.87, p = 0.009).
Conclusions In a contemporary cohort of CRS patients, prev-
alence of disease-modifying comorbidities ranged from ap-
proximately 5 to over 40%. Smoking tobacco and asthma
were associated with more severe CRS symptomatology,
whilst older age and diagnosis of cystic fibrosis were associ-
ated with less severe CRS symptomatology.

Keywords Chronic rhinosinusitis - Clinical characteristics -
Demographics - Severity - SNOT-22

Introduction

Chronic rhinosinusitis (CRS) is an inflammatory disorder of
the sinonasal mucosa that affects approximately 5% of the
population in Western Europe and the USA [1, 2]. CRS has
a significant and dramatic impact on afflicted patients by re-
ducing quality of life (QOL) through chronic sinonasal symp-
toms, acute exacerbations and exacerbation of comorbid pul-
monary conditions [3—6]. The QOL detriment associated with
CRS is comparable to, or worse than, the QOL detriment due
to chronic diseases such as asthma or diabetes [7, 8].
Additionally, the disease manifestations of CRS result in bil-
lions of Euros and dollars of costs every year related to direct
health care costs, including doctor’s visits and treatments, as
well as indirect costs related to lost productivity from missed
days of work [8, 9].
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Patients with CRS can present to physicians of all special-
ties, from general practitioners and internal medicine physi-
cians to subspecialists such as allergists or otolaryngologists.
Therefore, an understanding of CRS, including knowledge of
comorbidities that can modify the disease course and factors
that are associated with greater disease severity, is of benefit to
all physicians. Previous studies have identified underlying
conditions such as granulomatous diseases, ciliary dysfunc-
tion, immunodeficiency and cystic fibrosis that can predispose
patients to develop CRS [10, 11]. Moreover, other conditions
such as allergy and asthma, which are frequently associated
with CRS, may modify the CRS disease course and potential-
ly affect sinonasal symptomatology [2, 12—14]. However, a
rigorous epidemiologic study of a contemporary CRS cohort
to assess the prevalence of these disease-modifying character-
istics and their association with CRS severity has not been
performed. Additionally, of the over 5000 studies about
CRS that have been indexed on PubMed, over 50% have been
published in the just the last 5 years, indicating the rapid prog-
ress in study of this disease. Despite the proliferation of CRS
studies, many clinical in nature which must incorporate
disease-modifying characteristics into their study design and
analyses, it is surprising that no single study has provided a
rigorous analysis of clinical and demographic characteristics
that may impact CRS disease severity.

There is therefore a pressing need for a centralised study of
the clinical and demographic characteristics of CRS patients
and how these characteristics may impact CRS disease severity.
In order to address this need, we performed a retrospective
analysis of a contemporary cohort of CRS patients seen at a
single centre over a 1-year period to achieve the following two
objectives: to provide a highly detailed, descriptive evaluation
of the demographic and clinical characteristics of this general
population of CRS patients and to identify the patient charac-
teristics that are associated with CRS disease severity. We be-
lieve that the results of our study will not only be beneficial to
the many physicians who care for CRS patients but also for the
design and analysis of future clinical studies of CRS patients.

Methods

Approval for this study was obtained from the Massachusetts
Eye and Ear Infirmary (MEEI) Human Studies Committee. A
consecutive series of adult patients (with age of 18 years or older)
diagnosed with CRS based on clinical consensus guideline
criteria [1] by the authors between February 1, 2016 and
February 1, 2017 was retrospectively identified and studied.
The only other mandatory criteria for inclusion were availability
of medical records and completion of a 22-item Sinonasal
Outcomes Test (SNOT-22) questionnaire, which every patient
to our clinic receives. The SNOT-22 is a questionnaire that is
validated for use in evaluating rhinitis and rhinosinusitis, and
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quantitatively assesses the severity of sinonasal symptomatology
[15, 16]. In the setting of CRS, the SNOT-22 not only measures
the severity of CRS symptoms but also reflects the negative
impact upon CRS-specific QOL. The SNOT-22 has a range of
0 (for no symptoms and QOL impact) to 110 (the most severe
symptoms and greatest QOL impact) [16]. In this study, we use
the SNOT-22 as our measure of CRS disease severity. If a patient
visited our centre on more than one occasion during the study
period, only the SNOT-22 score from the first visit was used for
this study. Since we sought to fully characterise the CRS patient
population, we did not implement any exclusion criteria.

At the time of diagnosis, all patients were assessed for
allergic rhinitis based on formal skin or serological allergy
testing, asthma based on clinical consensus guideline criteria
[17] and nasal polyps based on nasal endoscopy. Diagnoses of
immunodeficiency, vasculitis, sarcoidosis, cystic fibrosis, pri-
mary ciliary dyskinesia and aspirin sensitivity were also made
based on clinical history and a prior established diagnosis. If
the patient history was suggestive of any of these conditions
but did not have a formal diagnosis, then the patient was sent
for further evaluation by the appropriate subspecialist so that a
formal diagnosis could be either definitively ruled out or con-
firmed. The presence of any of these comorbid conditions was
collected as a part of our analysis.

All statistical analysis was performed with the statistical
software, R (www.r-project.org). Associations between
SNOT-22 score (as the dependent variable) and patients’ clin-
ical and demographic characteristics (as the independent var-
iables) was performed using the linear regression function
ols() in the rms package [18]. Multivariable analysis was per-
formed using all clinical and demographic variables. In the
multivariable model, significant predictors were identified
via backwards elimination, using a P value cutoff of 0.100,
as recommended [18].

Results
Patient characteristics

A total of 572 CRS patients were identified and their charac-
teristics are summarised in Table 1. The mean age was
51.1 years (SD = 15.8), with a roughly normal distribution
(Fig. 1a), and 47.7% of the patients were male and 52.2%
were female. Our patient cohort was composed primarily of
Caucasians (85.7%) and 25.5% of our patients reported a his-
tory of smoking tobacco. Nasal polyposis was noted in 44.8%
of patients. In terms of comorbidities, aeroallergen hypersen-
sitivity (42.3%) and asthma (27.8%) were the most common.
Amongst asthmatics, 8.6% (2.4% of the overall study popula-
tion) had aspirin exacerbated respiratory disease (AERD)
(CRS with nasal polyps and concomitant aspirin sensitivity
and asthma). Vasculitis (2.6%) and sarcoid (0.2%) were also
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Table 1  Characteristics of study participants
Study participants (N = 572)
Demographics
Age, mean in years (SD) 51.1 (15.8)
Gender
Male 47.7%
Female 52.3%
Race
White 85.7%
Black 1.9%
Other 7.2%
Declined to respond 52%
Smoking 25.5%
Comorbidities
Vasculitis 2.6%
Sarcoidosis 0.1%
Immunodeficiency 4.2%
Cystic fibrosis 6.5%
Primary ciliary dyskinesia 0.3%
Acroallergen hypersensitivity 42.3%
Asthma 27.8%
Samter’s triad 2.4%
CRS characteristics
Nasal polyps 44.8%
Previous sinus surgery 37.8%
Intranasal steroid use 46.9%
SNOT-22 score, mean (SD) 34.3 (22.6)

present at small frequencies in our cohort. Likewise, comorbid
diagnoses of immunodeficiency (4.2%), cystic fibrosis (6.5%)
and primary ciliary dyskinesia (0.3%) were identified in our
cohort. Amongst patients with vasculitis, the most common
form was granulomatosis with polyangiitis (Wegener’s gran-
ulomatosis) (53.3%), followed by eosinophilic granulomato-
sis with polyangiitis (Churg Strauss syndrome) (33.3%).
Amongst patients with immunodeficiency, 62.5% had some
form of immunoglobulin deficiency, of which 20% had com-
mon variable immunodeficiency. In this group of patients with
CRS, 37.8% had a prior history of endoscopic sinus surgery
and 46.9% were taking intranasal corticosteroids on a consis-
tent, daily basis. The mean SNOT-22 score of these CRS
patients was 34.3 (SD = 22.6) with the distribution of
SNOT-22 scores illustrated in Fig. 1b.

Clinical and demographic characteristics associated
with more severe CRS symptomatology

We next investigated whether any of the above noted patient
characteristics were associated with the SNOT-22 score,
which reflects CRS symptom severity (Table 2). On univariate
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Fig. 1 Histogram plots demonstrating the distribution of CRS patients’ a
age and b SNOT-22 score

association, we found that age (linear regression coefficient
[A] =-0.21, 95% CI —0.32—0.09, p = 0.001) (Fig. 2) was
associated with less severe CRS symptomatology (lower
SNOT-22 score). Additionally, gender (f = 6.20, 95% CI
2.51-9.88, p = 0.001), a history of smoking (3 = 6.18, 95%
CI 1.92-10.45, p = 0.005), acroallergen hypersensitivity
(fp =6.77, 95% CI 3.05-10.49, p < 0.001) and comorbid
asthma (3 = 10.53, 95% CI 6.48-14.57, p < 0.001) were all
associated with more severe CRS symptomatology (higher
SNOT-22 score), whilst comorbid cystic fibrosis (3 = —9.76,
95% CI —17.28—2.25, p = 0.011) was associated with less
severe symptomatology (Fig. 3), as we found for age. After
performance of multivariable analysis, accounting for all clin-
ical and demographic characteristics, we found a continued
statistically significant association between more severe
CRS symptomatology (higher SNOT-22 score) and a history
of smoking (3 = 5.47, 95% CI 0.41-10.53, p = 0.034) and
comorbid asthma (3 = 12.02, 95% CI 8.06-15.99, p < 0.001).
In addition, age (3 =—0.23, 95% CI —0.38—0.09, p = 0.002)
and comorbid cystic fibrosis (3 = —11.87, 95% CI —20.82—
—2.92, p = 0.009) continued to be associated with less severe
CRS symptomatology (lower SNOT-22 score).
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Table 2 Association of SNOT-
22 score with clinical and demo-
graphic characteristics

Univariate analysis

Multivariate analysis

B*(95% CI) Pvalue  f*(95% CI) P value

Demographic characteristics
Age —0.20 (=0.32——0.09) 0.001 —0.23 (-0.38—0.09) 0.002
Gender

Male Reference - Reference -

Female 6.20 (2.51-9.88) 0.001 0.108
Race

White Reference - Reference -

Non-white 0.03 (—5.28-5.33) 0.992 0.824
Smoking 6.18 (1.91-10.45) 0.005 5.47 (0.41-10.53) 0.034
Clinical characteristics

Diabetes 0.85 (—6.19-7.89) 0.813 0.435

Immunodeficiency 4.73 (—4.53-14.02) 0317 0.406

Cystic fibrosis -9.76 (-17.27—2.25)  0.011 —11.87 (-20.82—2.92) 0.009

Aeroallergen hypersensitivity ~ 6.77 (3.05-10.49) <0.001 0.131

Asthma 10.53 (6.48-14.57) <0.001 12.02 (8.06-15.99) <0.001

Nasal polyps —0.17 (-3.91-3.57) 0.930 0.652

Previous sinus surgery —4.09 (-8.52-0.35) 0.072 0.119

Intranasal steroid use 1.15 (—2.57-4.88) 0.543 0.898

? Linear regression coefficient

Discussion

CRS represents a common and significant QOL burden for the
afflicted patient and an economic burden for society at large
[2, 7]. Patients with CRS may present to and obtain care from
physicians of many different specialties—from generalists to
subspecialists—making it a disease with which physicians
should be familiar. CRS is a highly heterogeneous disease
and there are many comorbid conditions and patient charac-
teristics that can potentially cause, exacerbate or affect man-
agement of CRS and its associated symptomatology [14, 19,
20]. Underlying conditions such as immunodeficiency or
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Fig. 2 Scatterplot of SNOT-22 score vs. age of CRS patients (dotted line
of best bit is superimposed)
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granulomatous disease affecting the sinonasal cavity may lead
to development of CRS [2, 10, 21, 22]. A tendency towards
greater airway inflammation, for example in those with
acroallergen hypersensitivity or asthma, may also contribute
to greater sinonasal symptomatology [14, 23, 24]. Current
clinical practice guidelines on the management of CRS high-
light the importance of identifying comorbid conditions,
which may underlie or contribute patients’ CRS.
Identification of any such comorbid conditions should ideally
be made early so that their treatment can be incorporated into
management of the CRS [1, 2]. Awareness of the prevalence
of such clinical or demographic characteristics in CRS pa-
tients is therefore necessary. Additionally, because chronic
sinonasal symptomatology is the primary determinant of the
QOL detriment that is associated with CRS [3, 6], it is impor-
tant to understand how different patient characteristics might
affect the severity of the disease and therefore the potential
aggressiveness with which treatment may be needed. Finally,
a thorough study of how clinical characteristics may impact
CRS disease severity and the SNOT-22 score (a frequently
used metric for sinonasal symptom severity in the research
literature) is particularly timely given the rapid proliferation
of studies on CRS in the last 5 years and the need for clinical
studies of CRS to accurately account for confounding affects
of patient characteristics in their study designs and analyses.
In this study, we presented a comprehensive analysis of a large
contemporary cohort of CRS patients, describing not only the
prevalence of the many clinical and demographic



Ir J Med Sci (2018) 187:215-221

219

100 *  Female : Smoking
75
50
25
0
No Yes No Yes
00
:q_) ! Cystic fibrosis Allergy
o
i IRE
N
O\ 50
1
|_
O =
Pz
w 0
No Yes No Yes
100
Asthma
75
50
25
0
No Yes

Fig. 3 Boxplots to demonstrate the distribution of SNOT-22 scores for
CRS patients based on gender, smoking history, cystic fibrosis, allergy
and asthma

characteristics that may cause or affect CRS, but we also de-
termined which of these characteristics was associated with
the severity of sinonasal symptomatology.

Previous large epidemiologic studies of CRS performed at
the population level have reported an association between
asthma and allergic rhinitis, and CRS [25-27]. For example,
the Global Allergy and Asthma Network of Excellence
(GA2LEN) study in Europe has reported an enrichment of
asthma and allergic rhinitis in the CRS population [25, 26].
However, these previous studies of CRS and its associated
comorbidities have been limited by either identifying CRS
patients based on diagnostic codes in large national databases
or basing the diagnosis of CRS on patient-reported symp-
toms—both methods that have been shown to be unreliable
in accurately identifying CRS patients [28-30]. Additionally,
although various studies have separately and independently
reported the prevalences of various comorbidities, and their
potential impact on CRS [2, 31], we have not been able to find
any study of a large population of patients diagnosed with
CRS based on clinical consensus guidelines that reports not
only the prevalences of CRS-comorbidities but also their as-
sociation with the severity of CRS symptomatology.

In this study, we addressed the need for such a study by
examining almost 600 CRS patients seen in our rhinology
clinics in just the last year, identifying not only the prevalences
of potentially CRS-modifying comorbidities but also the as-
sociation of these comorbidities and patient characteristics
with the severity of CRS symptomatology. CRS is a complex
and heterogeneous disease that may be impacted by many
different clinical and demographic characteristics. Our finding
that nearly half of our cohort had aeroallergen hypersensitivity
and almost a quarter of our cohort had asthma underscores the
need for consideration of allergy and asthma testing in patients
with CRS [7, 14]. We have additionally shown in this large
cohort of CRS patients that the prevalence of granulomatous
diseases (vasculitis and sarcoidosis), immunodeficiency and
cystic fibrosis were each approximately 5%. Moreover, we
find that the most common granulomatous disease is granulo-
matosis with polyangiitis (Wegener’s granulomatosis),
followed by eosinophilic granulomatosis with polyangiitis
(Churg Strauss syndrome), and that the most common immu-
nodeficiency is an immunoglobulin deficiency. Our findings
indicate that these comorbidities exist at a frequency such that
they should be routinely considered when evaluating and
managing CRS patients. Early detection and treatment of
these atypical causes of CRS should be considered, especially
in patients that fail to respond to the standard treatment of
CRS. In patients with a history of excessive recurrent acute
rhinosinusitis or frequent acute exacerbations of CRS, evalu-
ating for immunodeficiency with immunoglobulin levels
might be considered. For patients with excessive nasal
crusting and epistaxis or systemic signs suggestive of vascu-
litis, a laboratory evaluation including ESR and ANCA or a
nasal biopsy might ultimately be necessary for diagnosis [10,
22,32, 33].

In addition to these findings, we identified certain patient
characteristics that are associated with the severity of CRS
symptoms. A history of smoking tobacco and comorbid asth-
ma were both associated with more severe CRS symptomatol-
ogy. In contrast, higher age and a comorbid diagnosis of cystic
fibrosis were associated with less severe CRS symptomatolo-
gy. These findings should be interpreted in the context of the
minimum clinically important difference of the SNOT-22
questionnaire, the validated instrument we used to quantify
the severity of sinonasal symptomatology. The minimum clin-
ically important difference of the SNOT-22, which is 9 points,
reflects the minimum score change that is noticeable by CRS
patients [16]. Comorbid asthma was associated with a 12-
point increase, whilst comorbid cystic fibrosis was associated
with a 12-point decrease in SNOT-22 score. Every 10-year
increase in age was associated with a 2.3-point decrease in
SNOT-22, requiring an approximate 40-year age difference
to be associated with a 9-point decrease in SNOT-22.
Additionally, a history of smoking was associated with a
5.5-point increase in SNOT-22. Although the effects of age
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and smoking history might not be expected to meet the min-
imum clinically important difference in SNOT-22, it is impor-
tant to remember that the effects of these characteristics may
be additive, and therefore, it is important to be aware of these
associations. Finally, it is equally important that we found that
none of the other demographic or clinical characteristics were
associated with more severe CRS symptomatology, indicating
that physicians cannot rely on more severe sinonasal symp-
tomatology to detect comorbidities such as granulomatous
disease, immunodeficiency or cystic fibrosis (which was as-
sociated with less severe sinonasal symptomatology in our
cohort) but must instead be vigilant to the possibilities of these
comorbidities. With the high prevalence of CRS, awareness of
these comorbidities and determinants of CRS severity may
improve and spare significant QOL for affected patients.

Our results should be interpreted in the context of our
study’s limitations that primarily include its retrospective
and cross-sectional design, which do not allow us to identify
characteristics associated with better or worse treatment re-
sponses. For example, that we found cystic fibrosis to be as-
sociated with less severe CRS symptomatology is an interest-
ing finding but we cannot be sure if this is due to factors such
as systemic antibiotic use (or other cystic fibrosis-specific
treatments) that we are unable to measure due to our retro-
spective study design. Additionally, we use CRS symptom
severity as a reflection of CRS severity. However, there are
other measures of CRS severity, such as frequency of acute
CRS exacerbations or need for CRS-related systemic medica-
tion usage, that may be addressed in future studies.
Additionally, although we find that previous sinus surgery
by itself was not associated with lower SNOT-22 score in
the general CRS population studied here, future study focused
solely on CRS patients with (or without) a history of sinus
surgery may be able to more finely characterise how clinical
characteristics impact SNOT-22 score in these substrata of
patients whilst accounting for modifying factors such as the
number of previous sinus surgeries and the time since the last
sinus surgery. Finally, all patients included in this study were
from one centre, from clinics specialising in rhinology, which
although is a strength with respect to the diagnostic accuracy
of CRS, may limit full applicability of our results to patient
populations from other centres or parts of the world.

Conclusions

There is a wide range of clinical and demographic character-
istics amongst patients with CRS. Atopic comorbidities are
most common but CRS-associated and—modifying comor-
bidities such as cystic fibrosis, immunodeficiency and granu-
lomatous diseases may be prevalent at around 5%, indicating
that these comorbidities should be considered and at least
screened for through a careful history and examination.

@ Springer

Additionally, when an extensive list of patient characteristics
were accounted for and considered, only smoking tobacco and
comorbid asthma were associated with worse CRS symptoms
whilst older age and comorbid cystic fibrosis were associated
with less severe CRS symptoms. These results should not only
be considered in the clinical evaluation of CRS patients but
also accounted for in the design and analysis of clinical studies
on CRS patients.
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