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Abstract

Background—The objective of this study was to describe the first US-based study to use the
European Position Paper on Rhinosinusitis (EPOS) criteria to study the prevalence of chronic
rhinosinusitis (CRS) in a general population sample.

Methods—A CRS symptom questionnaire was mailed to 23,700 primary care patients from
Geisinger Clinic, a health system serving 45 counties in Pennsylvania. CRS cases were
categorized into four unique subgroups based on EPOS symptoms: obstruction and discharge with
no smell loss or pain/pressure; smell loss without pain/pressure; facial pain and/or pressure
without smell loss; and both smell loss and pain/pressure. All cases were required to have nasal
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obstruction or discharge. Logistic regression was used to evaluate potential factors associated with
CRS subgroups.

Results—We found that 11.9% of patients met criteria for CRS. Prevalence peaked at 15.9%
between ages 50-59 years and then dropped to 6.8% after age 69. The odds of CRS was higher
among patients who were white, younger, smokers, had a history of Medical Assistance, and had
other diseases. When CRS subgroups were modeled separately, these associations were no longer
significant for some CRS subgroups. Co-morbid diseases were most strongly associated with CRS
cases who reported smell loss and facial pain and/or pressure and had the weakest associations
with CRS cases who did not report these symptoms.

Conclusions—CRS is a highly prevalent and heterogeneous condition. Differences in risk
factors and health outcomes across symptom subgroups may be indicative of differences in
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etiology that have implications for disease management.

INTRODUCTION

Chronic rhinosinusitis (CRS) is defined by the presence of nasal and sinus symptoms for at
least three months accompanied by objective evidence of sinus inflammation documented by
either sinus computed tomography (CT) scan or endoscopy. The requirement for objective
evidence has been an obstacle to large-scale, population-based studies of CRS. Knowledge
of CRS is primarily derived from smaller studies of patients in tertiary healthcare settings
[1]. We describe the first large-scale epidemiologic profile of CRS based in the U.S. using
consensus criteria developed for epidemiologic studies.

The European Position Paper on Rhinosinusitis (EPOS) created criteria for CRS to be used
in epidemiologic studies but without the need for objective evidence. EPOS criteria require
nasal and sinus symptoms lasting at least 12 weeks with or without objective evidence of
disease [2]. This symptom-based definition has been used to study the prevalence of CRS in
Europe (10.9%), China (8%), and Brazil (5.5%), with a two-fold range of estimates [3-5].
The differences in prevalence estimates have been attributed to geographic and demographic
variation across studies [3]. To date, there is no estimate for the prevalence of CRS using
EPOS criteria in any U.S. population-based sample. The most widely cited study in the U.S.
population, based on data from the National Health Interview Study, relied on self-reported
doctor’s diagnosis of sinusitis, not CRS, and did not distinguish acute from chronic sinusitis

[6].

The Chronic Rhinosinusitis Integrative Studies Program (CRISP) conducted the first US-
based study to use the EPOS criteria to study the prevalence of chronic rhinosinusitis (CRS)
using a general population sample from Pennsylvania [2]. The goals of this study were to
describe the epidemiology of CRS in the general population and to identify associated
sociodemographic factors, health behaviors and co-morbidities.
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METHODS

Study Overview

A self-administered questionnaire was mailed to a stratified random sample of 23,700
primary care patients from Geisinger Clinic (GC) to obtain data on sociodemographics,
sinus symptoms, other relevant symptoms (e.g., headache, fatigue), diagnoses, and
diagnostic procedures and treatments for sinus disease. We estimated age- and sex-specific
prevalence of EPOS-defined CRS epidemiologic criteria based on symptoms only, hereafter
referred to as CRS, and characterized CRS symptom subgroups. The study was approved by
Geisinger Health System’s Institutional Review Board.

Study Population and Subject Selection

GC serves more than 400,000 primary care patients across a 45 county area in Pennsylvania.
The primary care population is representative of the general population in the region [7]. GC
EHR data from 2006 to 2013 were used to categorize all adult primary care patients into one
of three groups based on history of sinus-related diagnoses and/or evaluations in the EHR.
The “CRS Code” group (n = 13,494) had at least two ICD-9 codes for CRS (International
Classification of Disease [ICD]-9 codes 473.x or 471.x) associated with an outpatient,
inpatient, or emergency department encounter or had at least one Current Procedural
Terminology (CPT) code for sinus computerized tomography (CT), sinus endoscopy, or
sinus surgery. The “Asthma/Allergy Code” group (n=49,918) had at least one ICD-9 code
for asthma (493.x) or allergic rhinitis (477.x), or a single ICD-9 code for CRS associated
with an outpatient, inpatient, or emergency department encounter. The “No Sinus Codes”
group consisted of 200,769 patients with no history of asthma, allergic rhinitis, CRS, or
sinus-related CPT codes in the record.

A random sample of 23,700 primary care patients, stratified by race (white/non-white) and
EHR history (CRS Code, Asthma/Allergy Code, No Sinus Code), was sent the
questionnaire. To ensure adequate sample sizes of non-white individuals and individuals
with sinus diseases, we oversampled these groups. Sampling fractions included: 100% of
individuals in the CRS Code group (n=12,549); 100% of non-white and 9.4% of white
individuals in the Asthma/Allergy Code group (n=6093); 40% of non-white and 2% of white
individuals in the No Sinus Code group (n=5058) (Table 1).

Development of the CRISP Population Questionnaire

The “CRISP Questionnaire” was the first to assess both past and current symptoms
consistent with the EPOS epidemiologic CRS criteria and is self-administered. It was
developed by a panel of experts specializing in otolaryngology, allergy, immunology,
primary care, survey research, and epidemiology. Questionnaire items were derived from
existing instruments or items were created de novo based on the literature and investigator
consensus [8-10]. The EPOS criteria require the presence of at least two of four cardinal
symptoms of obstruction, anterior/posterior discharge, smell loss, and facial pain/pressure,
where at least one symptom is obstruction or discharge, lasting at least 12 weeks [2]. We
separated pain/pressure and anterior/posterior discharge symptom categories, creating six
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questions on the following symptoms: obstruction, post-nasal drip, posterior nasal drainage,
facial pain, facial pressure, and smell loss.

The CRISP Questionnaire first asked whether or not participants had ever had each of the six
symptoms in their lifetime that lasted three months or more (yes/no). Affirmative responses
were followed by questions on persistence of the symptoms over the past three months
(never, once in a while, some of the time, most of the time, all of the time). Those
respondents who reported one or more symptoms at least most of the time in the last three
months were instructed to answer an additional 16 questions about the severity and degree of
bother associated with each symptom over the past three months. These questions were
followed by questions on symptoms and diagnoses of known or suspected CRS co-
morbidities (e.g., allergy, asthma, migraine), CRS treatment history, and sociodemographics.

We pilot-tested the CRISP Questionnaire in 18 otolaryngology clinic patients. Afterwards, a
research coordinator conducted a cognitive interview to identify aspects of the survey that
were unclear and confirmed that questions were understood. The final survey consisted of 94
questions and required approximately 15-20 minutes to complete (available in online
supplemental material).

Patient Recruitment

A pre-notification letter was mailed to all selected individuals in March 2014, two weeks
before the CRISP Questionnaire was sent. The questionnaire was mailed with a cover letter
and a $1 bill incentive. Those individuals who did not return the questionnaire within six
weeks were sent a reminder letter and a second copy of the questionnaire. A third and final
reminder and questionnaire were sent to non-respondents three months after the initial
mailing.

CRS Classification and Symptom Subgroups

Operational criteria for current CRS, consistent with the EPOS epidemiological definition,
required at least two of the six symptoms most or all of the time in the past three months,
where at least one of the symptoms was obstruction, anterior nasal discharge, or posterior
discharge (post-nasal drip). Past CRS was defined in the same manner and as ever occurring
for at least three months, but not in the last three months. Current cases were assigned to one
of four subgroups based on frequency of reported symptom combinations as well as on
symptoms associated with (CRSWNP) and without (CRSsNP) nasal polyps [11-13]. Per
EPOS, all individuals had to report obstruction or discharge (anterior or posterior) and were
then assigned by what other symptom(s) was reported: 1) smell loss (SL), but no pain or
pressure; 2) pain and/or pressure (PP), but no smell loss; 3) both smell loss and pain and/or
pressure (PPSL); and 4) obstruction and discharge only, but no smell loss, pain, or pressure
(OBS/DC).

Statistical Analysis

Selection bias was assessed by comparing respondents and non-respondents to the CRISP
Questionnaire on EHR data that included age, race/ethnicity, sex, history of receiving
Medical Assistance (surrogate for socioeconomic status (SES))[14] the Charlson co-
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morbidity index [15] and EHR sampling strata. Next, prevalence of CRS and CRS
symptoms was estimated using SAS Proc SURVEYFREQ [16] to account for sampling
fraction and adjust for differential selection using previously published probabilities and
participation weights, a standard methodology for referring back to the source population
[17-18].

We conducted unadjusted and adjusted analyses to identify sociodemographic, smoking, and
health factors associated with CRS and CRS symptom subgroups. Sociodemographic factors
evaluated included sex, race/ethnicity, age, and lifetime Medical Assistance status. Health
outcomes included self-reported physician diagnosis of CRS, nasal polyps, asthma, aspirin-
intolerant asthma, and hay fever, as well as migraine and fatigue determined by previously
validated scales [19]. In unadjusted analysis we used the chi-square test to compare these
factors between current CRS and never CRS and across CRS symptom subgroups. In
adjusted analysis, we evaluated sociodemographic and health factors separately. For
sociodemographic factors we created separate logistic regression models for current CRS
(vs. never CRS) and each of the CRS symptom subgroups (vs. never CRS). Each model
included sex (male, female); race/ethnicity (white, other), age (linear and quadratic terms to
allow for non-linearity), smoking status (current, former, never), and Medical Assistance
status (yes, no). To identify health outcomes associated with CRS, we used separate logistic
models for each health outcome. Each model included a categorical variable for CRS status
(never (reference), OBS/DIS, PP, SL, PPSL) as the primary independent variable and the
sociodemographic and smoking variables as covariates.

All modeling was done using SAS Proc SURVEYLOGISTIC procedure, which accounted
for the complex sampling design, and utilized sampling and participation weights [17-18].
Weighted analysis balances bias with precision in association estimates; bias is reduced with
weighted analysis but precision is also reduced (larger standard errors leading to larger
confidence intervals) [17-18]. One of the sampling weights was an order of magnitude
larger than any other (weight = 150), because of the under-sampling of white subjects in the
“No sinus codes” group. Using this weight severely inflated standard errors, a known
consequence of large sampling weights [17-19], so it was truncated to the next largest value
(weight = 32), a standard method for dealing with large weights.

The response rate to the mailed questionnaire was 33% (i.e., 7,847 of 23,700 patients) (Table
1). Compared to non-respondents, respondents were significantly more likely to be female,
white, have no history of Medical Assistance, have more co-morbidities, and have CRS
diagnoses codes or sinus procedures in the EHR (p < 0.0001).

Prevalence of Current CRS, CRS Symptoms, and CRS Subgroups

After weighting for sampling proportions and participation rates, the estimated prevalence of
current CRS in the source population was 11.9% and another 17.0% met criteria for past
CRS. The prevalence of current increased from 18 to 59 years to a peak of 15.9% and then
declined to a low of 6.8% after 69 years of age (p<0.0001) (Figure 1).
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In order from most to least common, prevalence of current CRS symptoms were post-nasal
drip (36.2%), nasal obstruction (27.0%) (Table 2), facial pressure (12.6%), loss of smell
(9.4%), facial pain (9.1%), and nasal discharge (6.5%). Facial pain and facial pressure were
more prevalent than smell loss up to age 59 years. Among those 70 years and older, smell
loss was more prevalent (13.6%) than pain (5.0%), pressure (5.8%), and nasal discharge
(6.6%).

Of the four symptom subgroups, the OBS/DC subgroup was the most prevalent (4.7%),
followed by PP (4.3%), SL (1.8%), and then PPSL (1.2%). PP was more common in women
than men (i.e., women: (5.3%, 95% CI: 4.2%-6.5% vs men: 2.5%, 95% CI: 1.6%-3.4%) and
prevalence of PP differed by age, declining sharply after 59 years (p<0.0001). Prevalence of
the other subgroups did not differ by sex or age.

Sociodemographic Factors Associated with Current CRS and CRS Subgroups

In unadjusted analysis, white race/ethnicity (vs. non-whites), younger age, current and
former smoking (vs. never smoker), and a history of Medical Assistance were associated
with current CRS (vs. never) (p<0.05). These associations remained in adjusted analysis.
(Table 3). When CRS subgroups were modeled separately, these associations were no longer
significant for some CRS symptom subgroups. Female sex was only associated with PP
(OR, 95% CI) (1.81, 1.32-2.49). White race/ethnicity and younger age were each only
associated with PP and OBS/DC. Being a current smoker was associated with PP (1.52,
1.03-2.24) and SL (1.8, 1.01-3.11), but former smoking was only associated with SL (1.90,
1.24-2.89). A history of Medical Assistance was only associated with PP (1.78, 1.20-2.64)
and PPSL (3.55, 2.08-6.06), groups reporting pain and/or pressure.

Associations of CRS with Selected Health Conditions

In adjusted analysis, (Table 4), individuals in each of the CRS subgroups were more likely to
report a self-report physician diagnosis of CRS than individuals who did not meet EPOS
CRS criteria. Associations were weakest for those with OBS/DC (7.63, 5.44-10.71) and
strongest for PPSL (17.67, 10.68-29.24). A similar pattern was observed for associations
with self-reported physician diagnosis of nasal polyps, with the weakest associated among
those with OBS/DC (3.35, 2.17-5.17) and the strongest for PPSL (6.88, 3.98-11.86).
Aspirin-intolerant asthma was associated with all subgroups except for OBS/DC, with the
strongest associations again observed for PPSL (5.82, 2.93-11.57). Each CRS symptom
subgroup was associated with asthma and hay fever, with little difference across subgroups.
Migraine was associated with all symptom subgroups, particularly for CRS that included
pain and/or pressure. (PP and PPSL). Odds ratios were more than four times as high in the
pain and pressure groups than in CRS without pain or pressure. A similar pattern was
observed for severe fatigue.

Discussion

This is the first study in the U.S. to estimate the prevalence of CRS in a population-based
study using the EPOS epidemiologic definition for CRS. We found that CRS is highly a
prevalent condition, consistent with studies in similar populations outside the U.S. that have
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used EPOS criteria [5]. Differential age and sex prevalence patterns by symptom subgroups
may be indicative of differences in persistence of disease. These subgroups also differed by
risk factors and health outcomes, providing some evidence that CRS symptom subgroups
may represent distinct disease processes. This work is an important step towards better
understanding of the heterogeneity of sinus symptoms in the general population.

Our findings are consistent with the prevalence estimate for CRS in Europe of 10.9% [5]
based on a survey of CRS in adults in 12 European countries. As in other studies, we found a
higher prevalence of CRS symptoms in women and a decline in prevalence after age 60
years [3-5,20]. There are two possible interpretations for why cross-sectional prevalence
estimates decline with age. The most common explanation is that prevalent cases of CRS are
remitting faster than new incident cases are occurring [21]. Alternatively, cross-sectional
studies represent different age cohorts that may experience differences in exposure to CRS
disease mediators that are more intensive for younger age groups than for older age groups.
Evidence favors the former explanation. As noted, the age prevalence pattern we observed is
consistent with other studies of CRS. Moreover, a number of chronic episodic conditions
exhibit a similar age pattern with increasing prevalence to age 40s to 50s and then a decline
in prevalence thereafter [22,23].

Our examination of CRS symptom subgroups revealed that prevalence only differs by age
for individuals with pain and pressure and no smell loss. While pain and pressure symptoms
appear to drop off after middle age, there is gradual decline with age in CRS with smell loss.
Differences by symptom subgroups may reflect differences in persistence and remission
patterns. Alternatively, smell loss may persist with age, in part, due to age-related decline in
olfactory function that is unrelated to sinus disease [24].

Consistent with prior studies, we found CRS to be associated with migraine [25,26].
Potential mechanisms for this association are the crossover interactions of neurogenic and
immunogenic inflammation [26]. Alternatively, the association could be due to the
overlapping symptoms of these conditions. Migraine is frequently misclassified as sinus
headache and frequently accompanied by sinus symptoms [25,26]. In our study, CRS with
facial pain and/or pressure has a higher risk of migraine compared to CRS in the absence of
these overlapping symptoms. Additionally, the age- and sex-specific prevalence of CRS with
pain and pressure mirrored that of migraine; the prevalence of migraine declines after middle
age, prevalence is higher in women than in men [27]. Without a clinical exam it is
challenging to parse out co-morbid associations from the misclassification of CRS or
migraine status.

Smoking was associated with CRS, however, smoking was only predictive of two of the four
symptom subgroups. Symptom subgroup differences may be indicative of different
pathophysiologic mechanisms that may underlie the different symptom profiles. Prior
population-based studies of tobacco use and CRS have produced mixed results [3,5,20]. No
prior study has evaluated whether the risk associated with tobacco use differs by symptom
profile. Given the differential association of tobacco use with symptom subgroups,
conflicting study findings may be due, in part, to differences in the distribution of symptoms
in these study populations.
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We found an association between a history of receiving Medical Assistance, a surrogate for
low family SES, and CRS that was stronger than for all the other variables we examined,
including smoking. Notably, this association was strongest for the PPSL group, the group
reporting the greatest number of the EPOS symptoms. Similarly, Kilty and colleagues
reported that having education less than high school (vs. post-secondary education) and
having low income (vs. high) were both associated with higher scores on the sinonasal
assessment questionnaire among patients receiving care for CRS from a rhinology clinic
[28]. However, a study by Philpott and colleagues of CRS patients from specialty clinics
found no association between CRS and social class, index of multiple deprivation, and
education.[29] Surrogate measures of SES (i.e. Medical Assistance and income) are not
always interchangeable, possibly accounting for conflicting findings. [30] The mechanism of
the association between Medical Assistance and CRS severity is unknown, but could be, in
part, that Medical Assistance is a surrogate for a number of environmental exposures that
differ by SES [31].

The current CRS symptom subgroups were differentially associated with health outcomes,
including nasal polyps, aspirin-intolerant asthma, and hay fever, as well as migraine and
fatigue. Similar associations have been reported in prior studies of CRS [32-35] but not by
symptom status. We found CRS subgroups were most associated with health outcomes when
both smell loss and pain and/or pressure were part of the profile, while associations were
weakest among CRS profiles without smell loss, pain, or pressure. Differences by subgroup
may be evidence of differences in pathophysiology, analogous to differences between
CRSwNP and CRSsNP [36]. Alternatively, there may be wide variation in the positive
predictive value of various symptom groupings within the EPOS criteria to identify patients
with true disease. The positive predictive value of the symptom profile for true disease may
be lower among individuals with more common symptoms (e.g., obstruction and discharge)
than among individuals who report all of the 6 symptoms of CRS and, thus, may result in the
relatively weaker associations that were observed for this group.

Among the strengths of this study was that it was conducted in a primary care patient
population. Most of what is known about CRS is based on tertiary care studies that often
capture only individuals with the most severe symptoms [1]. Our study was also the first
epidemiological study of CRS in the U.S. that classified patients based on EPOS
epidemiological criteria. Moreover, it was the first population-based study to evaluate
associations of selected factors with CRS subgroups. The varying patterns of associations
provide some evidence that the heterogeneity in symptom profiles may represent
heterogeneity in the underlying pathologic process consistent with. Recent biomarker studies
have shown many distinct endotypes of disease [37]. Future studies could attempt to cross
reference the CRS symptom subgroups in our study with the endotypes that emerge in the
biomarker studies to begin to relate the inflammatory mediators that drive the distinct
symptoms combinations.

This study had a few limitations. First, it was not feasible to obtain CTs from the almost
24,000 patients who received a survey. As a result, our prevalence estimates, like all
previously published population-based prevalence estimates, were dependent upon symptom
reporting. Second, while our response rate was below 40%, our ability to select patients
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based on electronic health records allowed us to appropriately account for differential
participation rates. Third, EPOS criteria does not specify how frequent sinus symptoms have
to have occurred over 12 weeks. Criteria is based on duration of symptoms, not frequency,
requiring only that symptoms be present for longer than 12 weeks.2 We required that
symptoms be present at least “most of the time” for the last 3 months. By applying a
threshold of “most of the time” it is possible that our findings underestimate the prevalence
of CRS, but this is not known because prior studies have not consistently measured
frequency of symptom occurrence. Finally, the findings of our study should not be
interpreted as an estimate of the prevalence of CRS in the U.S., as the study population is
not reflective of the U.S. population. However, the GC primary care population is
representative of the region’s population, thus our findings provide a valid estimate of the
prevalence of CRS in the region studied. [32]

Conclusions

Symptoms compatible with CRS were common but also part of heterogeneous profiles
among patients in the general population in central and northeastern Pennsylvania.
Prevalence and associations with risk factors and health conditions differed among symptom
subgroups. This may be indicative of differences in etiology and natural history that have
important implications for targeted disease prevention and management.
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Refer to Web version on PubMed Central for supplementary material.
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*Weighted based on sampling and participation rates13.2
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Table 4

Adjusted associations ™ (odds ratio, 95% confidence interval) of CRS symptom subgroups with selected health
conditions”

Current CRS Symptom Subgroups (vs. never)
OBS/DC PP SL PPSL

Dependent Variables n =619 n =689 n=331 n=234

CRS 7.63(5.44-10.71) | 13.23(9.49-18.43) | 15.62 (10.19-23.95) | 17.67 (10.68-29.24)
Nasal polyps 3.35(2.17-5.17) 5.64 (3.80-8.35) 5.24 (3.25-8.43) 6.88 (3.98-11.86)
Asthma 1.59 (1.18-2.14) 1.98 (1.47-2.67) 1.66 (1.08-2.53) 1.76 (1.05-2.96)
Aspirin-intolerant asthma 1.49 (0.82-2.72) 2.74 (1.59-4.69) 2.94 (1.47-5.88) 5.82 (2.93-11.57)
Hay fever 2.60 (1.97-3.42) 2.80 (2.11-3.71) 2.78 (1.88-4.10) 3.29 (2.04-5.31)
Migraine headache 2.73(1.91-3.92) | 10.38 (7.41-14.54) 2.37 (1.33-4.22) 16.87 (8.83-32.21)
Fatigue, moderate (ref minimal) | 3.13 (2.13-4.60) 3.18 (1.94-5.22) 3.00 (1.72-5.26) 5.86 (2.09-16.45)
Fatigue, severe (ref minimal) 7.64 (5.00-11.68) | 16.81(10.27-27.52) | 8.79 (4.87-15.88) | 26.68 (9.43-75.49)

Abbreviations: OBS/DC = obstruction and discharge only; PP = pain and/or pressure with at least one cardinal symptom (obstruction and/or
discharge); SL = smell loss with at least one cardinal symptom; PPSL = pain and/o pressure, smell loss, and at least one cardinal symptom.

*
Weighted based on sampling frames and participation rates. Weighted truncated so that the weight of the highest weighted group was weighted at
the weight of the next highest weighted subgroup. Adjusted for sex, race/ethnicity, age, smoking status, and Medical Assistance.

7‘Self—reported doctor diagnosis for all conditions except for migraine and fatigue. Migraine and fatigue were based on previously validated
scales.8-9
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