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ARTICLE INFO ABSTRACT

Article history: Background: Chronic rhinosinusitis (CRS) includes 2 main phenotypes: CRS without nasal polyps (CRSsNP)
Received fOF publication January 13, 2020. and CRS with nasal polyps (CRSWNP). CRS has been reported to be a comorbidity of asthma.

Received in revised form March 3, 2020. Objective: This study aimed to investigate the role of CRS in outpatients with asthma visited in real-world

Accepted for publication March 5, 2020. setting.

Methods: This cross-sectional study enrolled 499 consecutive outpatients with asthma. Age, sex, body mass
index, smoking status, lung function, Asthma Control Test, inflammatory type 2 biomarkers (including
fractional exhaled nitric oxide, blood eosinophils, serum total immunoglobulin E, and allergy), treatment
step according to the Global Initiative for Asthma, and comorbidities (obstructive sleep apnea syndrome,
arterial hypertension, bronchiectasis, diabetes mellitus type 2, and osteoporosis) were evaluated.
Results: A total of 179 (35.87%) patients had CRS, in particular 93 (18.64%) had CRSsNP and 86 (17.23%) had
CRSWNP. Type 2 inflammation (defined by at least 1 positive biomarker) was present in 81.44% of patients
(fractional exhaled nitric oxide > 30 parts per billion in 46.9%, blood eosinophil count > 300 cell/uL in
39.67%, serum total immunoglobulin E >100 IU/mL in 51.54%, and allergy in 53.71%). By multivariate
analysis, type 2 inflammation and blood eosinophils greater than 300 cell/uL were the main predictors (odds
ratio [OR] 2.54 and 2.26, respectively) of CRS-asthma association. In particular, CRSWNP comorbidity was
predicted by type 2 inflammation (OR 3.4) and blood eosinophils greater than 300 cell/uL (OR 3.0). Smoking
had conflicting outcome.
Conclusion: This study confirmed that CRS is a frequent asthma comorbidity because it affects more than
one-third of outpatients with asthma. CRSwWNP is associated with type 2 inflammation and blood
eosinophilia. These outcomes underline that CRSWNP asthma phenotype deserves adequate attention for
careful management and optimal identification of the best-tailored therapy.

© 2020 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.

Introduction polyps are benign edematous masses in nasal cavities, paranasal
cavities, or both. Their occurrence depends on an exaggerated
inflammatory reaction. As nasal polyps occupy space into nasal
cavities, they can cause nasal obstruction, rhinorrhea, postnasal
drip, and hyposmia or anosmia.” The CRSWNP overall prevalence is
approximately estimated to be 2% to 4% of the general population.
Approximately 30% of patients who have CRSWNP have asthma.®
Patients with both diseases have poor therapeutic response and
_— high recurrence rate, so the disease is more severe and difficult to
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and engineering, increased information concerning phenotypes
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Chronic rhinosinusitis (CRS) affects approximately 10% to 12% of
the European population.' CRS may be classified into 2 phenotypes
based on endoscopy and computed tomography (CT) findings: CRS
with nasal polyposis (CRSWNP) and CRS without nasal polyposis
(CRSSNP).> CRSWNP is defined by presence of nasal polyps and
signs and symptoms lasting longer than 8 to 12 weeks.>* Nasal
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type of inflammation and immune response.®'! This information
could enable more targeted, effective, and efficient precision
medicine (PM). PM refers to the “ability to classify individuals into
subpopulations that differ in their susceptibility to a particular
disease, in the biology or prognosis of those diseases they may
develop, or in their response to a specific treatment.”'?> Conse-
quently, PM allows us to stratify patients into subgroups and to
tailor treatment based on their peculiar pheno-endotypes.®> This
approach has been defined as personalized medicine.'*

On the basis of this background, we aimed to assess CRS in a
group of patients with asthma recruited in a real-world setting to
define the prevalence of the CRS phenotypes and identify potential
predictive factors associated with CRS comorbidity in asthma. In
this regard, the definition of a particular asthma phenotype could
be useful in clinical practice because it could pave new therapeutic
strategies using biologics.

Methods
Patients

For this observational cross-sectional study, 499 patients with
asthma were enrolled at the San Luigi Gonzaga University Hospital
(Orbassano, Torino, Italy). They were outpatients, who were
referred to an asthma clinic for a specialist visit and were
sequentially recruited. Written informed consent was obtained
from each subject. The study conformed to the Declaration of
Helsinki and was approved by the local ethics committees (San
Luigi Gonzaga University Hospital: protocol 4478/2017). Clinical
data and patient history were obtained at recruitment. The visit
included history, clinical examination, body mass index measure-
ment, spirometry, fractional exhaled nitric oxide (FeNO) measure-
ment, skin prick test, blood sampling (for eosinophil and neutrophil
count and total immunoglobulin E [IgE] value), Asthma Control Test
(ACT) questionnaire, and treatment step level, from step 1 (short-
term or periodic use of low-dose inhaled corticosteroid [ICS]) to
step 5 (at least long-term use of high-dose ICS: fluticasone propi-
onate > 500 ug plus long-acting (-agonists), according to the
Global Initiative for Asthma document.'

Study Design and Setting

Asthma diagnosis was previously established and documented
as well as CRS and allergy diagnosis. Inclusion criteria were adult-
hood and documented asthma diagnosis, based on typical symp-
toms history consistent with reversibility to bronchodilators and/or
bronchial hyperresponsiveness to methacholine. Exclusion criteria
were a history of lung disease other than asthma, coronary artery
disease, congestive heart failure, or cor pulmonale, recent asthma
exacerbation, presence of acute (in the last 4 weeks) or chronic
upper and/or lower respiratory tract infections. Patients dis-
continued the use of short-acting and long-acting bronchodilators
12 hours before lung function measurement.

The presence of comorbidity, including allergy, arterial hyper-
tension, obstructive sleep apnea syndrome, diabetes mellitus type
2, bronchiectasis, and osteoporosis, was investigated.

White blood cell (WBC) count and WBC differential count were
performed based on optical and impedance characteristics using a
Cell-Dyn Sapphire (Abbott, Rome, Italy) automated hematology
analyzer (data were expressed as an absolute number).

Functional Assessment

Pulmonary function test was performed assessing spirometry
and lung volumes using body plethysmograph (Vmax Encore 62,
Carefusion, Germany), as stated by the European Respiratory
Society.'®

Table 1
Demographic and Clinical Characteristics of Study Participants (N = 499)
Characteristic Overall
Age (y) 58.25 + 15.07
Sex
Women 301 (60.32%)
Men 198 (39.68%)
BMI 26.84 + 5.48
Smoking

Never smoker
Past smoker

274 (54.91%)
175 (35.07%)

Current smoker 50 (10.02%)
Age at asthma onset (y) 37.03 + 18.96
Chronic rhinosinusitis 179 (35.87%)

CRS without nasal polyps 93 (18.64%)

CRS with nasal polyps 86 (17.23%)
Age at onset 37.03 + 18.96
FVC 100.11 + 18.08
FEV, 83.94 + 21.2
FEV;/FVC 81.78 £ 13.5
ACT 20.66 + 3.66
Treatment step (GINA)

1 63 (12.63%)

2 47 (9.42%)

3 162 (32.46%)

4 115 (23.05%)

5 112 (22.44%)
Blood neutrophils (cells/uL) 4272 + 1713

Blood neutrophils (cells/uL)
<4000
>4000

Type 2 inflammation

153 (53.5%)
133 (46.5%)
395 (81.44%)

Blood eosinophils (cells/uL) 310.9 + 249.6
Blood eosinophils (cells/uL)

<300 257 (60.33%)

>300 169 (39.67%)
FeNO ppb 38.63 + 31.25
FeNO ppb

<30 214 (53.10%)

>30 189 (46.90%)
Total IgE (IU/mL) 286.8 + 543.6
Total IgE (IU/mL)

<100 142 (48.46%)

>100 151 (51.54%)
Allergy 268 (53.71%)
Poly-allergy 226 (45.29%)
Allergy to perennial allergens 193 (38.68%)
0OSAS 26 (5.21%)
Arterial hypertension 159 (31.86%)
Bronchiectasis 36 (7.21%)
Diabetes mellitus type 2 33 (6.61%)
Osteoporosis 39 (7.82%)

Abbreviations: ACT, Asthma Control Test; BMI, body mass index; CRS, chronic rhi-
nosinusitis; FeNO, fractional exhaled nitric oxide; FEV;, forced expiratory volume in
1 second; FVC, forced vital capacity; GINA, Global Initiative for Asthma; IgE,
immunoglobulin E; OSAS, obstructive sleep apnea syndrome.

NOTE. The results are expressed as mean with standard deviation or as number of
subjects with percentage. The characteristics reported in the table concern the data
available in the database.

Nitric Oxide Measurement

FeNO was measured with a chemiluminescence analyzer (Eco
Medics CLD88 sp, Duernten, Switzerland); the detection limit of the
apparatus was 1 to 5 parts per billion (ppb), as required by the
American Thoracic Society guidelines, with a resolution of 1 ppb.
The analyzer was calibrated daily using a certified nitric oxide (NO)
mixture. Exhaled NO was recorded with the single-breath method
according to published guidelines.!”

Asthma Control Test

The ACT questionnaire consisted of 5 questions with 5 possible
responses, exploring the patient’s perception of his/her asthma
control.'® The result could range between 0 and 25, in which 25 was
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Contingency Tables and Output of the Univariate Analysis (N = 499)

Characteristic

Descriptive statistic

Univariate analysis

CRS OR (95% CI) P value
No (320 (64.13%)) Yes (179 (35.87%))

BMI 27.15 £5.78 26.29 + 4.89 0.97 (0.94-1.01) 11
Age 58.1 + 15.59 58.53 + 14.13 1(0.99-1.01) .76
Age at onset 36.94 + 19.66 37.17 £ 17.71 1(0.99-1.01) .90
Sex 71

Men 125 (39.06%) 73 (40.78%) 1.07 (0.74-1.56)
Smoking® .04

Never smoker 178 (55.62%) 96 (53.63%) 1

Past smoker 103 (32.19%) 72 (40.22%) 1.3 (0.88-1.91)

Current smoker 39 (12.19%) 11 (6.15%) 0.52 (0.25-1.04)
Treatment step” .04

1 45 (14.06%) 18 (10.06%) 1

2 1(9.69%) 16 (8.94%) 1.29 (0.57-2.92)

3 108 (33.75%) 54 (30.17%) 1.25 (0.67-2.4)

4 78 (24.38%) 37 (20.67%) 1.19 (0.61-2.36)

5 58 (18.12%) 54 (30.17%) 2.33(1.22-4.58)
ACT 20.71 £ 3.6 20.57 + 3.76 0.99 (0.94-1.04) .68
FVC 99.9 + 18.11 100.49 + 18.07 1(0.99-1.01) 73
FEV, 84.36 + 21.09 83.21 + 2144 1(0.99-1.01) .56
FEV,/FVC 82.47 + 12.98 80.49 + 14.39 0.99 (0.97-1) 15
Blood neutrophils (cells/uL) 4308 + 2059 4377 + 1795 .83
Blood neutrophils (cells/uL) > 4000° 77 (43.02%) 56 (52.34%) 1.45 (0.90-2.36) 13
Type 2 inflammation?® 234 (75.97%) 161 (90.96%) 3.18 (1.83-5.84) <.001
Blood eosinophils (cells/uL) 280.6 +221.3 410.1 £ 299.3 <.001
Blood eosinophils (cells/uL) > 300" 81 (30.22%) 88 (55.7%) 2.90 (1.93-4.38) <.001
FeNO ppb* 33.88 &+ 31.16 45.91 + 30.07 1.01 (1.01-1.02) <.001
FeNO ppb >30 92 (37.70%) 97 (61.01%) 2.58 (1.72-3.87) <.001
Total IgE (IU/mL) 307.0 + 501.4 363.0 + 701.5 .57
Total IgE (IU/mL) > 100 84 (48.55%) 67 (55.83%) 1.34 (0.84-2.14) 22
OSAS 7 (5.31%) 9 (5.03%) 0.94 (0.39-2.12) .89
Arterial hypertension 107 (33.44%) 52 (29.05%) 0.82 (0.55-1.21) 31
Bronchiectasis 3 (7.19%) 13 (7.26%) 1.01 (0.49-2.02) .97
Allergy 179 (55.94%) 89 (49.72%) 0. 81 (0.56-1.17) .26
Polyallergy 156 (48.75%) 70 (39.11%) 7 (0.48-1.01) .06
Allergy to perennial allergens 129 (40.31%) 64 (35.75%) 0. 85 (0.58-1.24) .40
Diabetes mellitus type 2 7 (5.31%) 16 (8.94%) 1.78 (0.87-3.64) 11
Osteoporosis 27 (8.44%) 12 (6.7%) 0.8 (0.38-1.58) .52

Abbreviations: ACT, Asthma Control Test; BMI, body mass index; CRS, chronic rhinosinusitis; FeNO, fractional exhaled nitric oxide; FEV;, forced expiratory volume in 1 second;
FVC, forced vital capacity; IgE, immunoglobulin E; OR, odds ratio; OSAS, obstructive sleep apnea syndrome.
NOTE. Characteristic: variable taken into account; P value, likelihood ratio P value. The characteristics reported in the table concern the data available in the database.

P values <.05 are represented in bold.

?Variables entering the multivariate analysis (see the text for abbreviations and further details).

the optimal asthma control and less than 20 was poor asthma
control.

Allergy

Allergy was considered if there was a documented sensitization,
assessed by skin prick test and/or measurement on serum allergen-

Table 3
Multivariate Analysis, the Predictor Effects on Chronic Rhinosinusitis
Characteristic OR (95% CI) P value
Type 2 <.01
inflammation
No 1
Yes 2.54 (1.32-5.17)
Blood eosinophils <.001
(cells/uL)
<300 1
>300 2.26 (1.46-3.54)
Smoking <.01
Never smokers 1

Past smokers
Current smoker

1.59 (1.03-2.47)
0.42 (0.16-0.97)

NOTE. Results are expressed as odds ratio (OR) with 95% CI; P value, likelihood ratio
P value.
P values <.05 are represented in bold.

specific IgE, and demonstration of a cause/effect relationship be-
tween exposure to sensitizing allergen and symptom occurrence.
Patients with allergy to more than or equal to 2 allergens have been
considered as polyallergic.'

Type 2 Inflammation

Type 2 inflammation was defined when at least 1 type 2 high
factor was positive, including blood eosinophil count greater than
300 cells/uL, FeNO greater than 30 ppb, total IgE greater than 100
IU/mL, and allergy.?%*!

Chronic Rhinosinusitis

CRS was diagnosed on the basis of the validated guidelines.?

Statistical Analysis

Continuous variables were given as means with SDs and cate-
gorical variables as the number of subjects and percentage values.
Both dichotomy CRS (absence or presence) and 3-class CRS
(absence, CRSWNP, and CRSsNP) were considered as the primary
outcome.

The univariate logistic regression and the multinomial logistic
regression model (where appropriate) were performed to screen
the effect of clinical and demographic variables on CRS. The odds
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Contingency Tables and Output of the Univariate Analysis (N = 499)

Characteristic

Descriptive statistic

Univariate analysis

CRS CRS without nasal CRS with nasal polyps P value
None (320 (64.13%)) CRS without nasal CRS with nasal polyps polyps vs none Vs none
polyps (93 (18.64%)) (86 (17.23%))
BMI 27.15 £ 5.78 26.69 + 5.52 25.82 + 4.02 0.99 (0.94-1.03) 0.96 (0.91-1.01) .16
Age 58.1 £ 15.59 59.24 + 15.22 57.76 + 12.89 1.01 (0.99-1.02) 1(0.98-1.01) 77
Age at asthma onset 36.94 + 19.66 37.53 £ 18.26 36.78 £ 17.19 1(0.99-1.01) 1(0.99-1.01) .96
Sex .63
Men 125 (39.06%) 35 (37.63%) 38 (44.19%) 0.95 (0.59-1.51) 1.24 (0.76-1.99)
Smoking® <.01
Never smoker 178 (55.62%) 43 (46.24%) 53 (61.63%) 1 1
Past smoker 103 (32.19%) 41 (44.09%) 31 (36.05%) 1.65 (1.01-2.69) 1.02 (0.61-1.67)
Current smoker 39 (12.19%) 9 (9.68%) 2(2.33%) 0.99 (0.43-2.09) 0.21 (0.04-0.66)
Treatment step 11
1 45 (14.06%) 12 (12.9%) 6 (6.98%) 1 1
2 31 (9.69%) 6 (6.45%) 10 (11.63%) 0.75 (0.25-2.1) 233 (0.81-7.2)
3 108 (33.75%) 29 (31.18%) 25 (29.07%) 0.99 (0.48-2.15) 1.65 (0.68-4.5)
4 78 (24.38%) 18 (19.35%) 19 (22.09%) 0.86 (0.39-1.95) 1.74 (0.7-4.87)
5 58 (18.12%) 28 (30.11%) 26 (30.23%) 1.77 (0.83-3.93) 3.17 (1.3-8.77)
ACT 20.71 £ 3.6 20.34 +3.77 20.82 + 3.76 0.97 (0.92-1.04) 1.01 (0.94-1.08) .64
FvC 99.9 + 18.11 98.35 + 18.18 102.8 + 17.77 1 (0.98-1.01) 1.01 (0.99-1.02) 24
FEV, 84.36 + 21.09 81.86 + 21.58 84.68 + 21.32 0.99 (0.98-1.01) 1 (0.99-1.01) .57
FEV,/FVC 82.47 + 12.98 80.59 + 13.7 80.36 + 15.29 0.99 (0.97-1.01) 0.99 (0.97-1.01) 35
Blood neutrophils 4308 + 2059 4404 + 2064 4346 + 1434 .96
(cells/uL)
> 4000 77 (43.02%) 29 (50%) 27 (55.1%) 1.32 (0.73-2.39) 1.62 (0.86-3.06) 27
Type 2 234 (75.97%) 81 (87.1%) 80 (95.24%) 2.07 (1.12-4.13) 5.68 (2.36-17.68) <.001
inflammation™"<
Blood eosinophils 280.6 + 221.3 3524 + 2614 4789 + 327.8 <.001
(cells/uL)
>300*>d 81 (30.22%) 41 (47.67%) 47 (65.28%) 2.1(1.28-3.45) 429 (2.5-7.49) <.001
FeNO ppb* 33.88 + 31.16 39.83 £ 29.03 52.56 + 29.95 1.01 (0.99-1.02) 1.02 (1.01-1.03) <.001
>30"¢ 92 (37.70%) 46 (55.42%) 51 (67.10%) 2.05 (1.26-3.42) 3.37 (1.94-5.75) <.001
>50 49 (20.1%) 23 (27.7%) 38 (50%) 1.53 (0.85-2.71) 3.98 (2.30-6.94) <.001
Total IgE (IU/mL) 307.0 £ 501.4 403.1 + 8494 313.3 £ 459.6 .64
>100 84 (48.55%) 35 (53.03%) 32 (59.26%) 1.19 (0.68-2.11) 1.53 (0.83-2.85) 37
Allergy 179 (55.94%) 42 (45.16%) 47 (54.65%) 0.68 (0.43-1.07) 0.99 (0.62-1.59) 24
Polyallergy 156 (48.75%) 32 (34.41%) 38 (44.19%) 0.58 (0.35-1.01) 0.86 (0.54-1.39) 07
Allergy to perennial 129 (40.31%) 34 (36.56%) 30 (34.88%) 0.88 (0.55-1.41) 0.82 (0.5-1.34) 68
allergens
0SAS 17 (5.31%) 2 (2.15%) 7 (8.14%) 0.47 (0.09-1.54) 1.64 (0.63-3.86) 17
Arterial hypertension 107 (33.44%) 28 (30.11%) 24 (27.91%) 0.86 (0.52-1.41) 0.78 (0.46-1.3) 57
Bronchiectasis 23 (7.19%) 5 (5.38%) 8(9.3%) 0.79 (0.27-1.92) 1.37 (0.57-3.02) .60
Diabetes mellitus 17 (5.31%) 7 (7.53%) 9 (10.47%) 1.53 (0.59-3.61) 2.17 (0.91-4.87) 22
type 2
Osteoporosis 27 (8.44%) 7 (7.53%) 5 (5.81%) 0.94 (0.38-2.09) 0.73 (0.26-1.77) 73

Abbreviations: ACT, Asthma Control Test; BMI, body mass index; CRS, chronic rhinosinusitis; FeNO, fractional exhaled nitric oxide; FEV;, forced expiratory volume in 1 second;

FVC, forced vital capacity; IgE, immunoglobulin E.

NOTE. Characteristic: variable taken into account; P value, likelihood ratio P value. The characteristics reported in the table concern the data available in the database.

P values <.05 are represented in bold.

#Variables entering the multivariate analysis (see the text for abbreviations and further details).

PNone vs CRSsNP.
“None vs CRSWNP.
4CRSSNP vs. CRSWNP.

ratios (ORs) associated with CRS were calculated with their 95% CI
for each factor from the logistic and penalized multinomial logistic
model. The Likelihood Ratio Test was used as a test of statistical
significance.

Those covariates with a P value lesser than .05 were then
selected for the multivariate analysis, in which CRS was the
dependent variable. Multivariate analysis was performed using
both logistic regression and multinomial logistic regression models
again. Model selection was made by the Akaike Information
Criterion.

The multivariate model performance was assayed using k-fold
cross-validation. In particular, the dataset was split into a training
set (95% of the data) and a test set (5% of the data) randomly for k
different times, and then the percentage of total items was classi-
fied correctly, and false-positive and false-negative rates were
estimated using confusion matrix.

Owing to the exploratory design of this study, no adjustment for
multiple testing was performed. Differences, with a P value less
than .05, were selected as significant, and data were acquired and
analyzed in R version 3.6.1 software environment.

Results

This study included 499 (198 men) patients. The demographic
and clinical characteristics of the patients are summarized in
Table 1. Briefly, the mean age was 58.25 years. Although most pa-
tients were never smokers, 175 (35.07%) and 50 (10.02%) patients
were past or current smokers, respectively. Regarding the primary
outcome, 179 (35.87%) patients had CRS, of whom 86 (17.23%) had
CRSWNP, whereas 93 (18.64%) had CRSsNP. Grade 5 treatment step
accounted for 112 (22.44%) patients. Concerning asthma pheno-
typing, type 2 inflammation was present in most of the patients
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Table 5

Multivariate Analysis, the Predictor Effects on Chronic Rhinosinusitis

Characteristic CRS without nasal CRS with nasal P value

polyps vs none polyps vs none

Type 2 inflammation <.01
No 1 1
Yes 243 (1.12-5.83) 3.41(1.18-13.21)

Blood eosinophils (cells/uL) <.01
<300 1 1
>300 1.7 (0.99-2.94) 3.05(1.71-5.6)

Smoking <.01

Never smokers
Past smokers
Current smokers

1.89 (1.1-3.24)
0.9 (0.33-2.18)

1.31 (0.73-2.34)
0.07 (0-0.55)

Abbreviation: CRS, chronic rhinosinusitis.

NOTE. Results are expressed as odds ratio with 95% CI; P value, likelihood ratio P
value.

P values <.05 are represented in bold.

(395 subjects; 81.44%): 169 (39.67%) had blood eosinophil count of
greater than 300 cells/uL, 189 (46.90%) had FeNO greater than 30
ppb, 151 (51.54%) had serum total IgE greater than 100 IU/mL, and
268 (53.71%) had allergy. Among these, 226 (45.29%) had poly-
allergy, and 193 (38.68%) had allergy to perennial allergens. Lung
function mean values were in the normal reference ranges. The
mean ACT score was 20.66. Regarding blood neutrophils, 133
(46.5%) patients had high levels.

Concerning other asthma comorbidities, arterial hypertension
and bronchiectasis were detected in 31.86% of patients, whereas
7.82% had osteoporosis, 6.61% had diabetes mellitus type 2, and
5.21% had obstructive sleep apnea syndrome.

Regarding dichotomy CRS, the descriptive statistics of de-
mographic and clinical factors in the levels of CRS are reported in
Table 2. The mean age in patients without CRS was 58.1 years,
whereas those with CRS had an average age of 58.53 years. Type 2
inflammation was present in 75.97% of patients without CRS and in
90.96% of those with CRS. Blood eosinophil count was more than
300 cells/uL in 30.22% of patients without CRS and in 55.70% of
those with CRS; FeNO was more than 30 ppb in 37.70% and 61.01%
of patients without and with CRS, respectively; serum total IgE was
more than 100 IU/mL in 48.55% of patients without CRS and in
55.83% of those with CRS; allergy was detected in 55.94% of patients
without CRS and in 49.72 of the affected ones. The univariate lo-
gistic regression analysis (Table 2), using the complete set of data,
demonstrated a significant association among smoking status,
asthma treatment step, type 2 inflammation, FeNO, blood eosino-
phils, and CRS (P values < .05). The multivariate analysis (Table 3)
confirmed a statistically significant effect of current smoking, type
2 inflammation, and blood eosinophil count of more than 300 cells/
uL on CRS (P values: .003, .005, and <.001, respectively). In
particular, the ORs were 2.54 for type 2 inflammation, 2.26 for
blood eosinophil count more than 300 cells/uL, 1.59 for past
smoking, and 0.42 for current smoking. The multivariate model
performance showed a good model average accuracy (95% CI =
0.63). Moreover, low false-positive and false-negative rates were
0.1 and 0.26, respectively.

Regarding the comparison between CRSWNP and CRSsNP, the
descriptive statistics of demographic and clinical factors in the
levels of CRS are reported in Table 4. The univariate multinomial
logistic regression analysis (Table 4), using the complete set of data,
demonstrated a significant difference between the two asthma-CRS
phenotypes, individually compared with asthma without CRS
phenotype, concerning smoking status (<.01), type 2 inflammation
(<.001), blood eosinophil count of more than 300 cells/uL (<.001),
FeNO (<.001), and CRS.

The multivariate analysis (Table 5) confirmed a statistically
significant effect of smoking, type 2 inflammation, and blood

eosinophils on CRS (P values: <.01, <.01, and <.01, respectively).
Comparing patients with asthma-CRSsNP vs those with asthma
alone and those with asthma-CRSwWNP vs those with asthma alone,
the ORs for type 2 inflammation were 2.43 and 3.41 respectively;
the ORs for blood eosinophil count of more than 300 cells/uL were
1.7 and 3.05, respectively; the ORs for past smoking were 1.89 and
1.31, respectively, and the ORs for current smoking were 0.9 and
0.07, respectively. Finally, the multivariate model performance
showed a good model average accuracy (95% CI = 0.62), and the low
false-positive and false-negative rates were 0.01 and 0.03,
respectively.

Discussion

Asthma, a heterogeneous chronic inflammatory airway disease,
has a high prevalence, ranging between 5% and 10% of the general
population.’> Asthma frequently is associated with several
comorbidities, including upper airway diseases, such as rhinitis and
rhinosinusitis.”>*# In particular, the CRSWNP-asthma phenotype is
particularly severe and needs careful management.” Therefore,
pheno/endotyping-based guidelines are indispensable in clinical
practice to tailor the best treatment for every patient. However, the
bulk of the evidence on this topic derives from studies recruiting
selected people with asthma whose results have limited applica-
bility as these do not reflect what is commonly observed in clinical
practice.”” Indeed, high-level evidence derived from selected sub-
jects could not concern all patients. There is consequently the need
to recruit an asthma population in a real-world setting. This real-
life study provided findings that may faithfully mimic the daily
medical activity on outpatients with asthma.

The primary outcome showed that 35.9% of the patients with
asthma had CRS, in particular, 18.6% had CRSsNP and 17.2% CRSwNP.
These findings are consistent with the literature that reports an NP
prevalence ranging from 10% to 30% in mild asthma to 70% to 90% in
severe asthma, even though the reported ranges were particularly
large.”?%

Moreover, additional information concerned the high preva-
lence of grade 5 of asthma treatment step (>22%) and of past/
current smoking (>45%). Type 2 inflammation (evidence of at least
1 type 2 high factor) concerned more than 80% of the patients. More
than half of the patients were allergic (interestingly polyallergy and
allergy to perennial allergens were common), 51.5% had high total
IgE levels, approximately 40% had more than 300 blood eosino-
phils, and 47% had a mean FeNO value of more than 30 ppb. These
data confirm the frequent involvement of type 2 immune response
in patients with asthma as widely reported.”’" Arterial hyper-
tension and bronchiectasis affected approximately one-third of our
patients, osteoporosis approximately 8%, and diabetes mellitus type
2 approximately 6%. These comorbidities have been reported clin-
ically relevant because they are associated with increased systemic
corticosteroid bursts in frequent exacerbators,>! namely patients
with 2 or more asthma exacerbations per year.*?

This study provided other interesting results concerning the
identification of factors associated with CRS comorbidity in asthma.
In this regard, we performed 2 separate analyses: the first sub-
divided the population into 2 subgroups, such as patients with CRS
or without CRS, and the second considered separately patients with
CRSwWNP and CRSsNP, comparing these patients with asthma alone.

The first step demonstrated that smoking, asthma treatment step,
type 2 inflammation, blood eosinophil count of more than 300 cells/
uL, and high FeNO ppb were significantly associated with CRS in
people with asthma at the univariate analysis. The multivariate model
restricted the significant factors to type 2 inflammation, blood eo-
sinophils, and smoking. Type 2 inflammation, including eosinophilia,
marks the predominant asthma-CRS phenotype, even though
different subphenotypes have been identified.*> This finding
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underlines the relevance of type 2 inflammation in the definition of
the asthma-CRS phenotype. The presence of type 2 inflammation, in
particular of blood eosinophilia, more than doubled the probability of
observing the asthma-CRS phenotype in this population. However,
the findings of smoking are conflicting because past smoking seems
to be a risk factor, whereas current smoking is protective. However,
these data should be prudently interpreted considering the limited
number of smokers with CRS in this sample.

The second step initially confirmed the relevance of the same
variables. The multivariate analysis identified 4 factors, such as type 2
inflammation and blood eosinophils, past and current smoking,
associated with CRS comorbidity, considering separately both CRS
phenotypes. However, CRSsNP was significantly associated with
asthma in the presence of type 2 inflammation (OR 2.43) and past
smoking (OR 1.89). The other variables displayed wide confidence
intervals, such as including the 1 value, which dampened
the relevance of findings. In contrast, the CRSwNP-asthma phenotype
was significantly associated with type 2 inflammation (OR 3.41),
blood eosinophil count of more than 300 cells/uL (OR 3.05), and FeNO
more than 50 ppb (OR 3.98). Notably, current smoking was also
significantly associated, but only 2 patients belonged to this pheno-
type, so this outcome could not be considered trustworthy.

Therefore, this study outlined the relevance of type 2 inflam-
mation in pointing out the asthma-CRS phenotype. The practical
consequence of this evidence is the possibility of choosing well-
defined biologics for treating people with asthma with CRS.>* Of
course, the choice of the more appropriate biologic should be based
on carefully endotyping as different CRSWNP endotypes exist.>”

In this regard, blood eosinophils are very important in clinical
practice because as has been reported blood eosinophil count may be
used to predict frequent asthma exacerbations.>® Consistently, this
study confirmed that type 2 inflammation, mainly concerning blood
eosinophilia, was the leading predictor of CRSWNP comorbidity in
outpatients with asthma. This finding highlights the clinical relevance
of CRSWNP comorbidity as a reliable biomarker of asthma severity.
Moreover, this study confirms the relevant role of type 2 inflamma-
tion, mainly concerning the eosinophilic component, in character-
izing the asthma-CRS phenotype. Eosinophilic inflammation is in fact
a shared pathogenic mechanism by both asthma and CRSwWNP.

This study has some limitations, including the cross-sectional
design, lack of mediators’ assessment, evaluation of peripheral
eosinophils alone, and missing data for some patients. Another
selection bias was the recruitment of patients based on asthma
visits at the tertiary level (subspecialist clinic), thus mostly
including patients with persistent asthma. Nonetheless, this study
was performed in a real-world setting. Increasing attention must be
paid to the real-world studies because they may provide informa-
tion more adherent to the daily practice, whereas randomized
controlled trials involving selected patient populations may rarely
mirror the real situation.”*8

In conclusion, this study confirmed that CRS is a frequent asthma
comorbidity because it affects more than one-third of outpatients
with asthma. CRSWNP is associated with type 2 inflammation,
mainly concerning blood eosinophil count of more than 300 cells/uL.
These outcomes underline that the CRSwNP-asthma phenotype
deserves adequate attention to careful management and optimal
identification of the best-tailored therapy. In this regard, an appro-
priate therapy could, at present, include the potential beneficial
treatment with a biologic that will benefit these 2 associated con-
ditions, such as dupilumab, as very recently pointed out.>%*°
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