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Abstract

Background: Chronic rhinosinusitis (CRS) is complicated bygftent acute exacerbations

leading to significant healthcare burden and ingzhguality of life.

Objective: The objective of this study was to identify cliai¢actors associated with frequent

acute exacerbations of chronic rhinosinusitis (ABLR

Methods: This is a retrospective cohort study of patient WRS from January 1, 2014 to May
31, 2016. Frequent AECRS was defined4®pisodes over a 12-month period in which an
antibiotic was prescribed for worsening sinus sy and infrequent AECRS was defined as
0-3 episodes. Clinical factors including asthnii@rgic rhinitis, eosinophil cour#150 cells per
microliter ¢1504L), and autoimmune disease were evaluated for Eggnts between the two

groups.

Results: Of the 3109 CRS patients identified, 600 (19.3%jerclassified as having frequent
exacerbations. Asthma, allergic rhinitis, eosinbpbunt>1504iL, and autoimmune disease
were associated with frequent AECRS with statifiticagnificant adjusted odds ratios (aOR)
after controlling for age, race, and gender in mattate analysis (asthma aOR 2.61, 95% CI
2.14-3.18, allergic rhinitis aOR 1.96, 95% CI 1582, eosinophil court150uL aOR 1.54,
95% CI 1.21-1.97, and autoimmune disease aOR 2338,Cl 1.36-2.07). Antibody deficiency,
antibiotic allergy, lower FEY, radiographic sinus disease severity, nasal psigpand systemic

corticosteroid use were also associated with frega&CRS.
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Conclusion: Patients with frequent episodes of AECRS wereattarized by a higher
prevalence of asthma, allergic rhinitis, eosinopbiint>1504L, autoimmune disease, and other
allergic and immunologic diseases. These findidgatify a high-risk phenotype of patients

with CRS for preventative interventions to redugacerbation frequency.

Clinical Implications: This study characterizes patients with CRS at-higkfor recurrent
exacerbations requiring frequent courses of arttds@nd steroids who can benefit from

targeted interventions to reduce exacerbation &equ

Capsule Summary:This study identifies associations between higkh-patients with CRS
experiencing frequent exacerbations requiring &otits, and allergic and immunologic
diseases. Improved understanding of this patieptiiation can lead to targeted interventions to

reduce exacerbation frequency.

Key Words: Chronic rhinosinusitis, exacerbation, antibiotiesthma, allergic rhinitis,

eosinophils, autoimmune disease

Abbreviations:

CRS: Chronic rhinosinusitis

CT scan: Computed tomography scan

CRSwNP: Chronic rhinosinusitis with nasal polyps

CRSsNP: Chronic rhinosinusitis without nasal polyps



93 AECRS: Acute exacerbation of chronic rhinosinusitis

94  QOL: Quality of life

95 EMR: Electronic medical record

96 ICD-9: International Classification of Diseasesntdi Revision
97 BMI: Body mass index

98 FEV;: Forced expiratory volume in one second
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a chronic inflantorg condition of the nose and
paranasal sinuses with clinical symptoms of rhimea; nasal congestion, sinus pressure/pain,
and decreased sense of smell lasting for a durafi@@ weeks or greater. The prevalence of
CRS has been estimated between 6% and 12% of tiepl8atior? and the economic burden
of this disease was estimated between $60.2 and $8Hon US dollars in 2011, with a large
proportion spent on office-based care and outpatieulications. Patients with CRS experience
significant reductions in quality of life (QOL) due their symptonisand patient-perceived

failure of symptom control has been associated pitlluctivity loss’

In addition to having chronic baseline symptomsigoas with CRS have acute episodes
of worsening sinonasal symptoms that often resbaak to baseline following medical
treatment. The specific number of such flares annually, defins acute exacerbations of
chronic rhinosinusitis (AECRS), is unknown butikely to be highly variable among all CRS
patients. Furthermore, treatments of AECRS typyaalktlude the use of antibiotics and, in
patients with recurrent episodes of AECRS, thisagiconcern for adverse events due to frequent

antibiotic use, such as the development of drueygiks and/or drug resistant organisms.

Improved understanding of which CRS patients aggestest risk for frequent
exacerbations could identify a patient populatiwet tvould benefit from advanced therapies to
potentially reduce AECRS frequency and the assediantibiotic usage and overall morbidity.
In this retrospective study, we first determineel ftequency of AECRS in our clinical cohort by

identifying those CRS patients who received anbémtic prescription for worsening sinus
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symptoms over the course of a year. We then evaduahether certain clinical factors
distinguished patients with CRS experiencing freqaeute exacerbations from those who did

not.



129 METHODS

130 Identification of subjects

131 This was a retrospective cohort study in whicladegre obtained from the electronic
132 medical record (EMR) at Northwestern Universityads via the Enterprise Database

133 Warehouse (EDW). Patients were included for amalfshey 1) had International

134 Classification of Diseases, Ninth Revision (ICDdeggnosis codes of sinusitis (acute sinusitis
135 461.x or chronic sinusitis 473.x), 2) a sinus coteguomography (CT) scan demonstrating
136 sinomucosal inflammation at any point in their @al history, and 3) were evaluated in either
137 the Otolaryngology or Allergy and Immunology cligiat Northwestern University (Figure 1).
138 CRS was diagnosed based on leading consensusigeglahd patients were excluded from the
139 cohort if they did not have baseline chronic siggsptoms and evidence of sinus disease on CT
140 scan effectively excluding patients with recurraoute rhinosinusitis and acute sinusitis.

141 Patients were excluded from the study if they hatlGD-9 diagnosis code for cystic fibrosis.
142 Data was analyzed for patients seen between Jahuafi4 and May 30, 2016. Demographic
143 information including age, gender, race, ethni¢iispanic vs non-Hispanic), body mass index
144  (BMI), and smoking status was obtained. There werage exclusions in this study however,
145 Dbeing a tertiary adult care hospital, patients vi&gears or older.

146 An acute exacerbation of chronic rhinosinusitis waned as having received an

147 antibiotic prescription for worsening sinus sympgonAntibiotic prescriptions were identified in
148 the EMR, and then independently reviewed by thdystovestigators to confirm that each

149 antibiotic was given for the indication of AECRE&pisodes in which antibiotics were prescribed
150 for non-sinus related symptoms or conditions weneugled from the analysis. Additional

151 antibiotic courses utilized for the same exacedmatvere excluded from the analysis. We
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defined patients with frequent AECRS as those velteived 4 or more antibiotic prescriptions
for their acute exacerbations over the course pfl@imonth period during the study period. In
contrast, those CRS patients with 0-3 antibiotespriptions for CRS were classified as having
infrequent AECRS. The cutoff of 4 prescriptions watected based on the definition of

recurrent acute rhinosinusitis from expert consemhinosinusitis guidelines.

Identification of asthma, allergic rhinitis, and einophil count> 150 cells per microliter

The presence of asthma and allergic rhinitis wasssed via ICD-9 diagnosis codes
493.x and 477.x respectively. Forced expiratotyne in one second (FE)Ypercent predicted
from either clinic spirometry or formal pulmonamyniction testing was determined from the
charts during the study period and utilized to gatize patients’ asthma as either mild (>80
percent predicted), moderate (60-80 percent predlicor severe (<60 percent predicted) based
on guidelines from the National Heart Lung and Bldastitute’ Peripheral absolute eosinophil
counts from complete blood cell counts with diffetrals and total IgE levels during the study
period were obtained for analysis. Eosinophil cauas analyzed as both a continuous variable

and a categorical variable usinj50 cells per microliter>(1504uL) as a cutoff for analysis.

Identification of CRS phenotypes and severity

Sinus CT scans completed at any point in the @iricstory were reviewed and
categorized as mild, moderate, or severe diseagtetipstitution’s neuroradiologi&tNasal
polyposis was determined via ICD-9 diagnosis cdéeevious sinus surgery was determined by
Current Procedural Terminology codes and the disencounter dates associated with these

codes (30110, 30115, 31254, 31255, 31256, 3126776381287, 31288, 31296, or 31297



175 The number of systemic corticosteroid prescriptiaas obtained from the EMR. While

176 systemic corticosteroids were given for respiratafgctions, it was frequently difficult to

177 determine whether these medications were givengper versus lower airway symptoms or
178 both. For analysis, we included a variable of systemic corticosteroid prescription during the
179 study period as well as a variable to compare tiselate numbers of systemic corticosteroid
180 prescriptions between the two groups.

181

182 Identification of autoimmune disease and antibody eficiency

183 Autoimmune disease was a categorical variablearattalysis and considered positive if
184 any of the following conditions identified via IC®+diagnosis codes were present: systemic
185 lupus erythematosus, rheumatoid arthritis, hypatidysm, thyroiditis, myasthenia gravis,
186 multiple sclerosis, type | diabetes mellitus, Crghiisease, ulcerative colitis, psoriasis,

187 pemphigus, pemphigoid, ankylosing spondylitis, $@¢s syndrome, idiopathic

188 thrombocytopenic purpura, Raynaud’s phenomenomnehurticaria, and polymyalgia

189 rheumatica. Quantitative immunoglobins (total Igg\Vl, and IgA) checked during the study
190 period were obtained for analysis when availablinenEMR. Immunoglobulins were

191 considered to be consistent with hypogammaglobuoiiagf IgG <600 mg/dL, IgM <35 mg/dL,
192 orlIgA <28 mg/dL. Specific antibody deficiency wadafined as 50% ditreptococcus

193 pneumoniaetiters less than 1.3 mcg/mL at least 4-6 weeley &8-valent pneumococcal

194 polysaccharide vaccination.

195

196 Identification of drug allergy

10
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The presence of any drug allergy or antibioticrghefor each patient was obtained from

the EMR drug allergy section.

Study endpoints

The present study examined associations betwegodnt AECRS episodes and the
following factors: asthma, allergic rhinitis, eogphil count>1504L, autoimmune disease, age,
gender, race, ethnicity, smoking status (curremmér, never), BMI, any drug allergy, antibiotic
allergy, nasal polyposis, sinus surgery, sinus €hseverity, total systemic corticosteroid
prescriptions, any systemic corticosteroid presicnp FEV; percent predicted, asthma severity
based on FEVpercent predicted, hypogammaglobulinemia, speaifttbody deficiency, and
total IgE. Of these factors, asthma, allergicittgneosinophil count1504L, and autoimmune
disease were variables of particular interestgetioee logistic regression analysis was performed

to control for age, race, and gender as potentiafiozinders.

Statistical analysis

Pearson’s chi-squared test of independence wasfoisedmparisons between the
different patient groups regarding asthma, alleriicitis, eosinophil cour1504L, sinus CT
scan severity, any systemic corticosteroid presonpsinus surgery, nasal polyposis, asthma
severity based on FE\percent predicted, autoimmune disease, hypoganoimaigiemia,
antibody deficiency, antibiotic allergy, drug aligr gender, race, ethnicity, and tobacco use.
Wilcoxon rank sum test was used for comparisonsdxen the different patient groups regarding
total IgE and total number of systemic corticosprescriptions. Simple logistic regression

was used for comparisons between the two patienipgrand absolute eosinophil counts.

11



220

221

222

223

224

225

226

227

228

229

230

231

232

Student’s two-sample t-test was used for compasig@tween the different patient groups
regarding age and BMI. Missing data were excludewh the analysis. Adjusted odds ratios
with 95% confidence intervals were calculated wigistic regression analysis for associations
between frequent AECRS episodes and asthma, alldigitis, eosinophil cour#1504L, and
autoimmune disease, after controlling for age, rand gender. A P value of less than 0.05 was
utilized to define statistical significance. Rt&tcal programming software version 3.5.1 was
utilized for the statistical analysis. Statistipabgramming support was provided by the
Biostatistician Collaboration Center at the Norteteen University Feinberg School of
Medicine.

This research was approved by the Institutionali®eBoard of the Northwestern

University Feinberg School of Medicine.
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RESULTS

Demographics

Using our algorithm, 3109 patients with CRS weraleated between January 1, 2014
and May 31, 2016 at our tertiary care institutibiggre 1). Of these 3109 patients, 600 were
classified as having frequent episodes of AECRS3%9 and 2509 with infrequent episodes of
AECRS (80.7%) (Figure 1). There was no statidiicgibnificant difference in age between the
two groups, each with a mean age of approximat@lyears (Table I). Fifty-eight percent of the
cohort was female, and there was a significant@ason between female gender and frequent
AECRS 0=0.012). The majority of the cohort was white patietust there was an association
between non-white race and the frequent AECRS graMpile the entire cohort had a mean
BMI in the overweight category based on Nationatitates of Health classifications, there was

an association between higher BMI and frequent AE@R 0.03).

Asthma, allergic rhinitis, and eosinophil count> 150 cells per microliter

Asthma, allergic rhinitis, and eosinophil cowib0fL were each associated with
frequent episodes of AECRS (Figure 2). Patientk tmequent episodes of AECRS also had
greater asthma severity as determined by {Hievcent predicted values (Figure 5). Specifically
when analyzing severe asthma as a separate vasalbkre asthma was associated with frequent
episodes of AECRS. Asthma, allergic rhinitis, @ogdinophil count150uL maintained an
association with frequent episodes of AECRS afetrolling for age, race, and gender (Table
II). When analyzing absolute eosinophil counta asntinuous variable, higher absolute
eosinophil counts showed an association with fregd&CRS (aOR 1.32 95%, Cl 1.15-1.52,

p<0.001; n = 2275). Total IgE levels were notistaially different between the two groups

13



256 ([Median Interquartile Range] Frequent: 77.8 KUIB 40 - 327.00] vs Infrequent: 113.00 kU/L
257 [25.50 - 399.00]; P = 0.414; n = 192).

258

259 CRS phenotype and severity

260 Patients with frequent episodes of AECRS had gresates disease severity as

261 determined by sinus CT scans (Figure 5). Any sy&teorticosteroid use was associated with
262 frequent episodes of AECRS. Specifically, patiemgeriencing frequent episodes of AECRS
263 received significantly more systemic corticosternpidscriptions during the study period as
264 compared to the infrequent group (3.91 £+ 4.51 03 £1.85, P < 0.001). Patients with frequent
265 episodes of AECRS were more likely to have nasbiposis (Figure 2) and a prior history of
266 sinus surgery (Frequent, 266 patients (44.3%) frednent, 813 patients (32.4%); P < 0.001).
267

268 Autoimmune disease and antibody deficiencies

269 Autoimmune disease and specific antibody deficiameye associated with frequent
270 episodes of AECRS (Figure 3). Autoimmune diseagmtained an association with frequent
271 episodes of AECRS after controlling for age, race] gender (Table II). There was a trend
272 towards higher prevalence of hypogammaglobulinemtae group with frequent AECRS,

273 however this was not statistically significant (&uent, 53/305 patients (17.4%) vs Infrequent,
274  84/646 patients (13.0%); P = 0.085).

275

276 Drug allergy

277 Any drug allergy or antibiotic allergy was moreduently reported by patients with

278 frequent AECRS vs infrequent AECRS (Figure 4).

14
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DISCUSSION

This large cohort study found that patients wihgfient episodes of AECRS were
significantly more likely to have asthma, allergninitis, eosinophil court1504L,
autoimmune disease, and specific antibody defigi@sccompared to patients with infrequent
episodes of AECRS. This study also found thatepédiwith frequent episodes of AECRS had
greater upper and lower airway disease severitetegmined by increased radiologic sinus CT
scan severity, reduced FEWvels, and significantly greater systemic codieooid utilization
as compared to patients experiencing infrequesbeleis of AECRS. These findings are
consistent with the notion of a unified airway hiipesis where upper airway inflammation
contributes to lower airway disease and vice versa.

Patients experiencing frequent episodes of AECR&walso more likely to have nasal
polyposis as compared to patients experiencingaguient episodes of AECRS in this study.
While treatment recommendations for CRSwWNP plasg éanphasis on antibiotic use as
compared to CRSsNP, a previous study has shownedibeith doxycycline in CRSwWNP in
shrinking polyp size and that may explain our fimglof higher prevalence of nasal polyposis in
the frequent exacerbation grotfpAdditionally, nasal polyps often recur after siraurgery,
which could lead to patients with CRSwWNP beingghhiisk population for frequent
exacerbations! Sinus surgery was also associated with frequeibdes of AECRS which is
an expected finding as recurrent infections an@setlisease are clinical characteristics which
often lead to considering surgical options. Oudgtalso showed a female predominance in
both frequent and infrequent exacerbation groupschwsupports previous literature in which

women were found to be more likely to have CRSsNP@RS in generaf** Higher BMI was

15
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324

associated with frequent episodes of AECRS, sintlarevious literature in CR3and similar
to the association between obesity and exacerbptmre asthma (defined as 3 or more
exacerbations per yedf).The absolute difference in BMI in our study wasimal however, so
the clinical significance of this finding is unctea

Limited literature previously has focused on amisk-phenotype for frequent acute
exacerbations utilizing antibiotics within the eatpopulation of patients with CR8'’ Recent
studies have found associations between acute rzegions of CRS and CRS symptomatology
with BMI, asthma, allergic rhinitis, and sinus seirg history. However, these studies have either
relied upon self-reported antibiotic use to idgnéi€ute exacerbations or did not verify a
diagnosis of CRS in their cohort via objective meas>*%?° This is the first study to our
knowledge showing disease associations with a gigpe®f patients with CRS with frequent
exacerbations that was vigorously adjudicated kiatareview. Moreover, our study utilized a
cutoff for frequent AECRS episodes highlightingatgmtial high utilizer phenotype, which
could have significant clinical and economic imptions. Our results suggest that this unique
subgroup of patients with CRS has high risk for pboations and could be considered for
advanced therapies to reduce exacerbation frequdexyert groups have yet to establish an
appropriate cutoff for frequent episodes of AECB®Wwe chose 4 AECRS episodes per year to
define a high frequency of exacerbations basedaargngology practice guidelines regarding
recurrent acute rhinosinusits.

Rhinosinusitis has been shown to account for motibiatic prescriptions than any other
diagnosis in the outpatient setting, highlightihg significant antibiotic exposure in patients
with CRS?! Our study suggests the presence of a clinicaigtiype of patients with CRS

experiencing frequent episodes of AECRS that ageestter risk for disease related morbidity

16



325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

due to antibiotic exposure including high numbdrmedication allergies. In addition, these
patients are at risk for the development of antiob@@l resistance, which has public health
implications. Studies have shown an associatitwdsn antimicrobial resistant organisms and
patients with CR$*>%® The Centers for Disease Control and Preventimsider antibiotic
resistance an important public health issue thimpdicated in an estimated 23,000 deaths
annually and provides incentives to investigate iamgtove antibiotic stewardship in CRS.
Recentlyclostridium difficile colitis is associated with antibiotic use andiagare appearing to
become increasingly viruleft. In addition, we have found higher utilizationsystemic
corticosteroids in patients with frequent exacedves, putting this group at even higher risk for
known complications of long-term systemic cortiesstd use such as diabetes mellitus,
ophthalmologic diseases, osteoporosis, adrenalessgipn, and psychiatric symptoms.

A strength of our study is the large cohort sizkicl enables capture of data associated
with a large number of exacerbations. Acute estat®ns were determined by antibiotic
prescriptions fortified by a chart review by thadst investigators to confirm a proper sinus-
related indication. This likely provides a more@@te evaluation of AECRS frequency
compared to patient recall and strengthens ouityabol draw associations based on the study
findings. Prescriptions for oral corticosteroidsreralso based on EMR data rather than patient
recall, making it a more reliable representatioomd corticosteroid use. Physician-coded
diagnoses were utilized to assess clinical fadss®ciated with AECRS, which would also
remove the possibility of bias from patient recallsthma severity and CRS severity were based
on objective tests (spirometry, pulmonary functiests, sinus CT scans) which eliminates

potential biases from utilizing non-objective measu

17
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A limitation of this study is the retrospectivesavational study design that limits the
ability to draw causal inferences from the dathisTs a single center study at a large academic
medical center with a multi-disciplinary sinus @amin an urban area, which promotes the scale
of the study but potentially limits the generalidiép of the study findings to primary care or
rural patient populations. We also cannot accumpatients seeking care at other non-
affiliated institutions during the study periodthelugh we believe this factor would bias the
results towards the null hypothesis. Since wduayad antibiotic prescriptions issuance only
and did not confirm medication use, another possblrce of bias derives from uncertain
adherence. An additional potential limitation tor study is that some exacerbations captured in
our data could have been viral in etiology andmatics could have been inappropriately
prescribed. In our study we found a higher freqyesf autoimmune diseases in those with
frequent exacerbations, however a limitation of #malysis is that we did not analyze for the
effect of immunomodulatory drugs on the frequentcgx@cerbations. Similarly, due to smaller
numbers we did not examine for differences in fesgws infrequent exacerbations between
patients with organ specific autoimmune diseas&s: methodology for categorizing sinus
severity on sinus CT scans has not been fully as#d and could have introduced
misclassification bias. However being a multidiiciary sinus center, radiologists at this
institution have significant experience readingusinadiologic studies adding to the potential
accuracy of classification in this study.

Future areas of research should include a reitatudy, preferably with a prospective
multi-center design. If a phenotype of CRS pasienisceptible to frequent episodes of AECRS
is confirmed, the use of advanced therapies, ssidhicdogic agents targeting type-2

inflammation, or early surgical interventions coblkel considered in this group to reduce

18
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392

exacerbations. Previous studies have shown thabahanal antibodies targeting type-2
inflammation are beneficial in treating symptomsCiRS and reducing polyp size in CRSwRP.
30 Dupilumab recently showed a reduction in polyessinus opacification, and severity of
symptoms in patients with inadequately controll&RISWNP in phase Il trials and this has led to
a recent FDA indication as an add-on maintenanefy in these patient$. The question
however still remains as to whether biologic agémsting type 2 inflammation would have an
effect on reducing exacerbation frequency or astibiand/or systemic corticosteroid use. A
small retrospective chart review showed a redudtiantibiotic usage and steroid dependence
with omalizumab therapy in patients with CRS, whintlicates the possibility of utilizing
biologics for this indication in the futufé. The beneficial effect of biologic agents on asthm
exacerbation frequency has certainly been welbésted and is encouraging in consideration

of the unified airway hypothesfs.

In summary, we found that AECRS was common amotigriga with CRS, with 19.3%
in our clinical cohort being classified as havingguent exacerbations, i.e. more than four
exacerbations per year. We found several impodiantal characteristics associated with the
frequent exacerbation phenotype. In particular, gamad to those with infrequent exacerbations,
patients with frequent AECRS had more severe uapeéidower airway disease. Altogether, our
findings suggest that patients with frequent eXaatons of CRS may have a unique clinical
phenotype that could help distinguish them fromeotBRS patients. By identifying this higher
risk group of patients, preventive treatments cdnddnitiated earlier in the disease course to

reduce AECRS frequency, antibiotic usage, and dvabidity.
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Table I. — Clinical Characteristics

Frequent Infrequent p-value
Exacerbation Group | Exacerbation Group
(n=600) (n=2509)
Age (= SEM) 50.0 £ 15.0 49.0 + 15.6 0.178
Sex, no. (%)
Male 220 (36.7) 1063 (42.4) 0.012
Female 380 (63.3) 1446 (57.6) '
Race, no. (%)
White 343 (63.6) 1471 (69.6) 0.011
Black 57 (10.6) 221 (10.4)
Other 139 (25.8) 423 (20.0)
Hispanic, no. (%) 38 (7.0) 145 (6.9) 0.985
BMI (+ SEM) 28.3+6.6 27.6 £7.2 0.030
Smoking, no. (%)
Current 24 (4.0) 109 (4.4) 0.883
Former 164 (27.3) 666 (26.6)
Never 412 (68.7) 1729 (69.0)
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Table Il. — Multivariable logistic regression analysis for primary outcome variables after
controlling for age, race, and gender.

Odds Ratio 95% Confidence Interval
Asthma 2.61 2.14-3.18
Allergic Rhinitis 1.96 1.58 —-2.42
Eosinophil Count 1.54 1.21-1.97
>1504uL
Autoimmune Disease 1.68 1.36 — 2.07
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Figure Legends

Figure 1 — Algorithm for selecting patients witkeduent versus infrequent AECRS.

Figure 2 — Clinical Associations between asthmaygit rhinitis, eosinophil court150 cells

per microliter £1504uL), and nasal polyps with frequent acute exacevhatdf chronic

rhinosinusitis. *P = 0.018 and **P <0.001 by Pears Chi Squared test.

Figure 3 — Autoimmune disease and specific antilmeficiency associations with frequent

acute exacerbations of chronic rhinosinusitis.=*®.022 and **P <0.001 by Pearson’s Chi

Squared test.

Figure 4 — Antibiotic allergy and any drug allerggsociations with frequent acute exacerbations

of chronic rhinosinusitis. **P <0.001 by Pearso@lsi Squared test.

Figure 5 — Upper and lower airway disease sevasg$pciations with frequent acute

exacerbations of chronic rhinosinusitis. **P <QLGfy Pearson’s Chi Squared test.
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