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Abstract

Background: The worldwide prevalence range of chronic rhinosinusitis (CRS) is 5-12%; from this, 20 % have nasal polyps. Due to the little epide-
miological data about CRS in the Spanish population, this study analyses the prevalence and severity of CRS with (CRSWNP) or without (CRSsNP)
nasal polyps, and their connection with other coexisting type 2 inflammatory diseases in Spain. Methodology: This is a retrospective, large-scale,
nationwide, epidemiological study based on the electronic medical records from the BIG-PAC® database. Patients diagnosed of CRSsNP and
CRSWNP were identified using specific disease codes. The severe form of the disease was defined as patients who received at least a long course of
antibiotics in CRSsNP or =2 short courses of systemic corticosteroids in CRSWNP in <12 months during the last 2 years, and/or had previous sinus
surgery. Physician-diagnosed prevalence, sociodemographic and clinical characteristics, and disease severity were assessed. Results: Out of a co-
hort of 1,012,257 patients (=18 years old), 42,863 and 7,550 patients with diagnosed CRSsNP and CRSWNP, respectively, were analysed. The overall
prevalence of diagnosed CRS was 5.1%, being 4.3% and 0.8% for CRSsNP and CRSWNP, respectively. Patients with CRSWNP and severe forms of
the disease were older and had higher levels of type 2 inflammatory biomarkers than CRSsNP patients and non-severe disease. Conclusions:
Although CRSsNP was more prevalent than CRSWNP, the severe forms of CRS were more frequent in patients with CRSWNP. In addition, CRSWNP

patients had a higher incidence of coexisting type 2 inflammatory diseases.

Key words: chronic rhinosinusitis, nasal polyps, comorbidity, prevalence, type-2 inflammation

421



Mullol et al.

Introduction

Rhinosinusitis is an inflammatory disease of the nose and pa-
ranasal sinuses mucosa . It is defined as the presence of nasal
congestion/obstruction and/or anterior/posterior rhinorrhoea,
associated with facial pain/pressure and/or partial/total loss of
smell (LoS) 2. If symptoms last >12 weeks, it is considered chro-
nic rhinosinusitis (CRS) ¥, whose prevalence ranges between
5% and 12% in the general population worldwide .

CRS is a multifactorial inflammatory disease, with two main
distinguishable phenotypes, CRS without (CRSsNP) or with
(CRSwNP) nasal polyps (NP) 2. CRSsNP, characterised by fibro-
sis, basement membrane thickening and goblet cell hyperplasia,
affects around 80% of CRS cases ©9. CRSWNP patients have bila-
teral development of benign oedematous NP from the ethmoid
sinuses into the nasal cavity "*. Type 2 (T2) inflammation plays
a main underlying role in CRS, predominantly in patients with
CRSWNP 27 |n fact, CRS is frequently associated with other T2
inflammatory diseases in the upper and lower respiratory tract
(allergic rhinitis [AR], asthma, aspirin/non-steroidal anti-inflam-
matory drug [NSAID]-exacerbated respiratory disease [N-ERD],
atopic dermatitis [AD], or eosinophilic esophagitis) %, Up to
67%, and around 10-30%, of patients with CRSWNP have co-
morbid asthma or N-ERD, respectively ®9. Due to its symptoms
and comorbidities, CRS causes a significant impact on patients’
quality of life (QoL) "9, similar to that of chronic obstructive
pulmonary disease, asthma, or diabetes ",

The appropriate medical treatment for CRS is based on saline
nasal irrigations and intranasal corticosteroids (INCS) 12, CRS-
sNP patients may also be treated with short cycles of systemic
corticosteroids (SCS), and/or short-term course of antibiotics in
disease exacerbation (. Short-term SCS are advised in CRSWNP
(.1214 When medication fails to control CRS, endoscopic sinus
surgery (ESS) is recommended 2. Recurrence rates of ESS in
CRSwWNP patients range between 25-79% at long term (5 to

12 years) 17, A study conducted in a tertiary referral centre
reported that >40% of CRS patients who had previously had
ESS, remained uncontrolled 3-5 years after ESS, with sinonasal
symptoms (blocked nose, LoS, and sleep disturbance) "®, which
may worsen patients’ QoL 19,

There is a lack of epidemiological studies focused on CRSsNP,
and few extensive epidemiological studies on CRSWNP, perfor-
med in the Spanish population. This is the first study analysing
CRSsNP and CRSwNP prevalence and severity, and their associa-
tion with other coexisting T2 inflammatory diseases in Spain.

Materials and methods

Design

This retrospective, observational, cross-sectional study, based on
electronic medical records (EMRs) from the BIG-PAC® database,
collected information from 1.8 million individuals (representa-
tive of the Spanish population, according to an internal study

comparing the Spanish age pyramid in 2018 and the population
data from BIG-PAC®) %2V EMRs contained in BIG-PAC® come
from publicly-owned services (primary care and hospital) data of
integrated health areas from seven different Spanish regions and
includes hospital medication, and procedures. EMRs undergo a
rigorous anonymization process in the source centres in compli-
ance with data protection regulations @2,

This 8.5-year study started on 01/01/2012 and ended on the
index date (30/06/2020). The study covered two main periods: a
previous 6.5-year period (from 01/01/2012 to 30/06/2018) and

a 2-year retrospective period (from 01/07/2018 to 30/06/2020).
Prevalence was calculated on the 01/07/2018; medications were
collected in the retrospective period. Data on clinical outcomes,
on coexisting T2 inflammatory diseases of patients, and T2
biomarkers were taken on the index date. Lastly, surgery records
were gathered from 01/01/2012 to 30/06/2020.

Study population

Patients with diagnosis of CRS prior to 01/07/2018 were selected
from BIG-PAC® database and classified by physician diagnosis
into CRSsNP or CRSWNP cohorts. The CRSsNP cohort included
patients with a CRS diagnosis code who did not have a NP code.
Patients with a NP diagnosis code (with or without a CRS code)
were included in the CRSWNP cohort (Figure 1). Diagnoses were
defined according to the International Classification of Diseases,
9th edition, Clinical Modification . Inclusion and exclusion
criteria are detailed in Table S1.

In the index date (30/06/2020), patients were classified accor-
ding to severity as defined in the EPOS 2012 and confirmed by
EPOS 2020 guidelines 24, Similarly to Sdnchez Collado et al. ®,
a two-year retrospective period was considered for severity clas-
sification according to medication data; surgeries were regarded
for the last 8.5 years. Therefore, patients with CRSsNP were classi-
fied as severe when undergoing a) long course of antibiotics (>1
month) in <12 months during the 2-year retrospective period;
and/or b) sinonasal surgery during the total study period. Pa-
tients with CRSWNP were classified as severe when undergoing
a) =2 short courses of SCS (=5 days) in <12 months, during the
2-year retrospective period; and/or b) sinonasal surgery during
the total study period (8.5-year period) (details in Table S2). To
avoid selection bias, medication used for severity classification
were those prescribed linked to a CRS code.

Outcomes

Overall prevalence

Overall prevalence (the prevalence of a disease measured at

a particular time) ® was determined as the total number of
diagnosed CRS (CRSsNP or CRSWNP) cases in the database (=18
years) on 01/07/2018 divided by the total number of active
patients on the database on the 01/07/2018 (1,012,257 pa-
tients). It was expressed as the frequency of the prevalence per
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Total population
1,810,235

Patients attended in healthcare
centersin 01/07/2018 -

30/06/2020
1,357,987
|
Patients attended (age
| >18 years)
1,012,257
Patients with CRS codes Patients with NP codes
CRS (without NP): 44,293 NP (with CRS): 6,011
CRS (with NP): 6,011 NP (without CRS): 1,854
N = 50,304 N=7,865
| |
Exclusion of patients with
NP l
| N=6,011 | - Dx CRS - Dx NP |
N = 44,293 |
| |
Prevalence of CRSsNP Prevalence of CRS Prevalence of CRSWNP
N = 44,293 | | N =52,158 | N=7,865
4.3% (95% Cl: 4.1 - 4.5%) 5.1% (95% CI: 5.0 - 5.2%) 0.8% (95% Cl: 0.6 — 1.0%)
| |
| Excluded |
| N= 1,430 | = N=588 - Inconsistent data - N=137 .| N=315 |
N=485 — Inclusion/exclusion criteria —] N=85
N=131 [— Loss to follow-up — N=52
N=226 — Other reasons -] N= 41
| |
| Study population |
CRSsNP cohort CRSsNP cohort + CRSWNP cohort CRSWNP cohort
42,863 (85%) 50,413 (100%) 7,550 (15%)
| | | |
Non-severe Severe Non-severe Severe
39,894 (93.1%) 2,969 (6.9%) 3,731 (49.4%) 3,819 (50.6%)

Figure 1. Flowchart of the chronic rhinosinusitis study population. The study cohorts were obtained according to the diagnostic coding of patients:
the final count was N= 42,863 (CRSsNP) and N= 7,550 (CRSWNP) patients. Patients with CRSWNP were obtained directly from the database, without

any specific CRS code with the assumption that patients with CRSWNP also had CRS. 23.6% of patients (N=1,854) with NP codes had no previous diag-

nosis of CRS; whereas these patients in the CRS cohort were excluded (N=6,011; 11.9%). Abbreviations: Cl, confidence interval; CRS: chronic rhinosi-

nusitis; CRSsNP: CRS without nasal polyps; CRSWNP: CRS without nasal polyps; Dx: diagnosis; NP: nasal polyps.

one hundred patients. Due to the similarity between the study
population and the Spanish population in terms of age and sex,
no standardization of results was necessary .

Demographic outcomes and comorbidities

Demographic variables were measured on the index date and
included age, sex, body mass index (BMI) and time to diagnosis.
Comorbidities and T2 inflammatory diseases were also indicated
(Table S3). Severe asthma was defined according to the Spanish
Guidelines for the Management of Asthma (GEMA 5.3; steps 5-6)
@) and based on that, a group of experts defined patient severity
as patients treated with: a) high-dose inhaled corticosteroids-
LABA (>6 months during past year; or >12 months during past
two years); b) SCS (>6 months during the past year or >12

months during the past two years); and/or ¢) biologic therapy
during the past two years. Patients with severe AD were defined
as those treated with a) immunosuppressants; b) biologic thera-
py; and/or c) having a hospital admission for AD; during the last
two years. This definition was based on the European guidelines
of AD #®, Medications used to classify severity in patients with
asthma and DA were linked to the diagnosis codes.

Serum total immunoglobulin E (IgE) and blood eosinophils
counts (BEC) were determined on the index date. Sinonasal
symptoms, such as rhinorrhoea, nasal obstruction, LoS, and
sleep disorders were also recorded.

Pharmacological and surgical treatment
Medicines prescribed linked to a CRS code were identified with
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Figure 2. Prevalence of CRS, CRSsNP, and CRSWNP phenotypes according to severity and sex. Columns represent the estimated percentage of patients

with the corresponding diagnosis in the population of patients attended and registered in the database on 30/06/2020. Results are expressed as

mean values and 95% confidence intervals. Abbreviations: Cl: confidence interval; CRS: chronic rhinosinusitis; CRSsNP: chronic rhinosinusitis without

nasal polyps; CRSWNP: chronic rhinosinusitis with nasal polyps. Statistical analysis: *, p<0.05.

the ATC Classification System @°: systemic antibiotics, INCS, SCS,
leukotriene receptor antagonists (LTRA), and antihistamines.
The number and duration of SCS cycles were assessed. Phar-
macological therapies were analysed during the retrospective
period (2-year retrospective period), whereas sinonasal surgeries
were recorded during the total study period (8.5-year full study
period).

Statistical analysis

Search criteria were based on computer sentences (SQL script).
Data were carefully reviewed through exploratory analysis, loo-
king for recording or coding errors. Data validation was perfor-
med to ensure the quality of the results. Descriptive-univariate
statistical analysis was conducted. Data values were given as
mean (standard deviation, SD), median (interquartile range) or
percentage. For bivariate analysis (comparison between non-
severe vs. severe CRSsNP or CRSWNP and CRSsNP vs. CRSWNP),
Wilcoxon rank sum test and Pearson’s Chi-squared tests for inde-
pendent groups were performed. SPSSWIN statistical software
v.23 was used, establishing a statistical significance of p<0.05.

Results

Study population

Out of 1,012,257 patients =18 years old in the database, 50,304
patients diagnosed with CRS codes (with or without NP codes)
and 7,865 patients diagnosed with NP codes (with or without
CRS codes) were selected. Patients with NP codes (6,011) were
excluded from the CRSsNP group. Finally, 50,413 patients met
inclusion/exclusion criteria (42,863 in the CRSsNP cohort and
7,550 in the CRSWNP cohort) on the 01/07/2018-30/06/2020 and
were divided into severity subgroups: a) non-severe (N=39,894;
93.1%) vs. severe (N=2,969; 6.9%) CRSsNP; and b) non-severe
(N=3,731; 49.4%) vs. severe (N=3,819; 50.6%) CRSwWNP (Figure 1).

Prevalence

The overall prevalence of diagnosed CRS in adults was 5.1%
(95% confidence interval, 95% Cl; 5.0%-5.2%) diagnosed CRSsNP
and CRSWNP prevalence rates were 4.3% (95% Cl; 4.1%-4.5%)
and 0.8% (95% Cl; 0.6%-1.0%) (Figure 1), of which 0.3% and 0.4%
were severe, respectively (Figure 2A). Prevalence was signifi-
cantly higher for males than females in both groups (p=0.005)
(Figure 2B).

Demographic characteristics

CRS patients had a mean age of 43.9 years (61.7% men). CRSsNP
patients were younger than CRSwWNP, particularly those with
non-severe disease; mean (SD) time from diagnosis was 5.2

(1.8) and 10.0 (2.3) years, respectively. Their mean (SD) BMI was
27.3 (3.9) and 28.6 (3.9) kg/m% Demographic characteristics are
detailed in Table 1.

Patient-reported outcomes

Overall sinonasal symptoms. CRSWNP patients had more
symptoms (rhinorrhoea/nasal obstruction [p<0.001], sleep
disorders [p<0.001], and LoS [p<0.001]) than CRSsNP patients;
these were more frequent in severe than in non-severe patients
(p<0.001 for all comparisons) (Table 1).

Coexisting T2 inflammatory diseases. Half of the CRS population
had other coexisting T2 diseases (50.4%); frequency was higher
in CRSWNP than CRSsNP patients (65.2% vs. 47.8%) (Table 2).
This was more obvious in severe patients, who followed the
same trend between CRSWNP and CRSsNP (70.6% and 51.8%
patients, respectively, suffered from other T2 inflammatory
condition). Patients with CRSWNP, regardless of their severity
status, showed higher frequency of AR, AD, asthma, and N-ERD
compared to CRSsNP patients (p<0.001); this difference in
phenotypes was more striking in severe patients (AR 25.4% vs.
42.2%, asthma 21.3% vs. 35.5%, AD 17.0% vs. 25.0% and N-ERD
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Table 1. Baseline characteristics of patients with CRSsNP and CRSWNP according to severity.

Study outcomes

Number of patients, N (%)

Demographic characteristics

50,413 (100)

Total

42,863 (100)

CRSsNP

Non-severe

39,894 (93.1)

Severe

2,969 (6.9)

Age, years, mean (SD) 43.9(15.3) 42.8(15.0) 42.7 (15.1) 44.1(12.8)
Age ranges in years, N (%)
18-44 28,953 (57.4) 25,901 (60.4) 24,341 (61) 1,560 (52.5)
45 -64 16,073 (31.9) 12975(30.3) 11,729 (29.4) 1,246 (42)
65-74 3,711 (7.4) 2,841 (6.6) 2,706 (6.8) 135 (4.5)
>75 1,676 (3.3) 1,146 (2.7) 1,118 (2.8) 28(0.9)
Sex, male, N (%) 31,096 (61.7) 26,250 (61.2) 24,410 (61.2) 1,840 (62.0)
Active smoking, N (%) 7,602 (15.1) 6,606 (15.4) 6,134 (15.4) 472 (15.9)
Systemic comorbidities
Ne of comorbidities, mean (SD) 1.2(1.1) 1.2(1.0) 1.2(1.0) 1.2(1.0)
Arterial hypertension, N (%) 8,067 (16.0) 6,689 (15.6) 6,186 (15.5) 503 (16.9)
Diabetes mellitus, N (%) 3,062 (6.1) 2,351 (5.5) 2,178 (5.5) 173 (5.8)
Heart/renal failure, N (%) 873(1.7) 705 (1.6) 653 (1.6) 52(1.8)
Cardiovascular events, N (%) 2,915 (5.8) 2,416 (5.6) 2,227 (5.6) 189 (6.4)
Parkinson’s disease, N (%) 110(0.2) 35(0.1) 25(0.1) 10(0.3)
Dementia, N (%) 260 (0.3) 156 (0.2) 152(0.1) 4(0.2)
Specific symptoms, N (%)
Rhinorrhoea / nasal obstruction 41,603 (82.5) 35,075 (81.8) 32,539 (81.6) 2,536 (85.4)
Loss of smell 9,252 (18.4) 6,452 (15.1) 5,839 (14.6) 613 (20.6)
Sleep disorders 10,560 (20.9) 7,727 (18.0) 7,051(17.7) 676 (22.8)
Other outcomes
U i@ Gl Ess, (e 6(25) 52(18) 52(18) 6(18)
(SD) years
BMI, kg/m? mean (SD) 27.2(3.9) 27.3(3.9) 26.9(3.9) 27.7 (4.2)

p

(non-severe
Vs. severe)

Total

7,550 (100)

Prevalence of chronic rhinosinusitis in Spain

CRSwNP

Non-severe

3,731 (49.4)

Severe

3,819 (50.6)

p

(non-severe
vs. severe)

[
(CRSsNP
vs. CRSWNP)

<0.001 50.1 (15.5) 482(153) 519 (15.5) <0.001 <0.001

3,052(404)  1,703(456) 1,349 (353)

3,098(41.0)  1437(385) 1,661 (43.5)
<0.001 <0.001 <0.001

870 (11.5) 389(10.4) 481(12.6)

530(7.0) 202 (5.4) 328(8.6) %
4,846 (642)  2,383(639) 2,463 (64.5) 0572 <0.001
996 (13.2) 469 (12.6) 527 (13.8) 0.115 <0.001
<0.001 16(1.3) 15(1.2) 1.8(1.3) <0.001 <0.001
0.038 1378(183)  632(16.9) 746 (19.5) 0.004 <0.001
0.396 711 (9.4) 307 (8.2) 404(10.6) <0.001 <0.001
0.636 168 (2.2) 71(1.9) 97 (2.5) 0.061 <0.001
0.074 499 (6.6) 234(6.3) 265 (6.9) 0.243 0.001
<0.001 75(1.0) 38(1.0) 37(1.1) 0.828 <0.001
0.032 104 (1.4) 31(0.8) 73(1.9) <0.001 <0.001
<0.001 6,528 (86.5)  3,175(85.1) 3,353 (87.8) <0.001 <0.001
<0.001 2,800(37.1)  1,133(304) 1,667 (43.7) <0.001 <0.001
<0.001 2,833(37.5)  1,286(345) 1,547 (40.5) <0.001 <0.001
<0.001 10.0 (2.3) 9(22) 10.9(1.9) <0.001 <0.001
<0.001 28.6(3.9) 28.5(3.8) 28.6 (4) 0.001 <0.001

Values expressed as percentage (%) or mean (SD: standard deviation) or median (percentile 25 - percentile 75), p: statistical significance. Dementia

includes all types of dementia, like Alzheimer's disease. Abbreviations: BMI: body mass index, kg/m2. P: percentiles. CRSsNP: chronic rhinosinusitis

without nasal polyps; CRSWNP: chronic rhinosinusitis with nasal polyps.

3.6% vs. 8.0%) (Table 2).

T2 inflammation biomarkers

BEC. CRSWNP patients had higher BEC than CRSsNP (271.9 vs.
208.6 cells/pL, p<0.001). Severe patients had higher BEC than
non-severe for both CRSsNP (227.3 vs. 207.2 cells/uL; p<0.001)
and CRSWNP (292.6 vs. 250.2 cells/pL; p<0.001) (Table 2).

Total serum IgE. Levels were higher in CRSWNP than in CRSsNP
(116.7 vs. 93.4 kU/L, p<0.001), and in severe than in non-severe
CRS (both p<0.001) (Table 2).

Medications

Overall, 42.3% and 9.0% of patients used INCS and SCS, respec-
tively; their use was higher in CRSWNP than in CRSsNP patients
(p<0.001). Patients with severe CRS used more INCS and SCS
than those non-severe (p<0.003, all comparisons). In addition,
CRSwWNP patients needed twice as many SCS cycles compared
to CRSsNP patients (2.5 vs. 1.2, p<0.001), considering that 48.3%

of severe CRSWNP patients did not receive treatment with SCS
during the retrospective period (Table 3). CRSWNP patients were
prescribed more medications than CRSsNP (3 vs. 2, p<0.001),
particularly those with severe disease (p<0.001). Overall,
CRSwWNP patients (and especially severe patients) used more
antibiotics, LTRA, and antihistamines (p<0.001, all comparisons)
(Table 3).

Sinus surgery in severe patients

In the 8.5-years total study period, CRSsNP severe patients who
underwent surgery accounted for 4.5% of the overall CRS-

sNP population (40.4% in severe patients), while, in the case

of CRSWNP patients, 41.1% had sinus surgery (81.3% in severe
patients, 17.3% of which required revision surgery). ESS was the
most frequent surgical approach (Table 4).

Discussion
To our knowledge, this is the first study in Spain to gather
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Table 2. Coexisting Type 2 inflammatory diseases of patients and T2 biomarkers (eosinophils and immunoglobulin E levels in blood) with CRSsNP and

CRSWNP according to severity at index date.

Study outcomes CRSsNP
Total Non-severe Severe
Number of patients, N (%) 50,413 (100) 42,863 (100) 39,894(93.1) 2,969 (6.9)
Coexisting Type 2 inflammatory
TS, TTee (GD) 0.6 (0.8) 0.6 (0.7) 0.6 (0.7) 0.7 (0.8)
Coexisting Type 2 inflammatory
diseases, N (%) 25391(504) 20,472 (47.8) 18,934 (47.5) 1,538 (51.8)
Allergic rhinitis (total) 13,428 (26.6) 10,638 (24.8) 9,883 (24.8) 755 (25.4)
Asthma (total) 9,873 (19.6) 7,481 (17.5) 6,850 (17.2) 631(21.3)
Severe asthma 2,324 (4.6) 1,607 (3.7) 1,425 (3.6) 182 (6.1)
Atopic dermatitis (total) 8,351 (16.6) 6,591 (15.4) 6,087 (15.3) 504 (17.0)
Severe atopic dermatitis 3,155 (6.2) 2,448 (5.7) 2,234 (5.6) 214(7.2)
N-ERD 1,240 (2.5) 738(1.7) 630 (1.6) 108 (3.6)
Patients with available blood
eosinophil count, N (%) 50,413 (100) 42,863 (100) 39,894 (100) 2,969 (100)
Eosinophil counts, cells/pL,
mean (SD) 217(199.2) 208.6(196.2) 207.2(196.9) 227.3(187)
Patients with available serum
total IgE values, N (%) 28,763 (57.1) 21,984 (51.3) 19,825 (49.7) 2,159 (72.7)
Total IgE levels, kU/L, mean (SD) 96.9 (87.2) 93.4(77.8) 92.9 (78.0) 99.9 (74.2)

CRSwNP p
(CRSsNP
p (non- Total Non-severe Severe p (non- vs. CRSWNP)
severe severe
vs. severe) 7,550 (100)  3,731(49.4) 3,819(50.6)  Vs.severe)
<0.001 1.0 (0.9) 0.9 (0.9) 1.1 (0.9) <0.001 <0.001
<0.001 4,919(65.2)  2,224(59.6) 2,695 (70.6) <0.001 <0.001
0.424 2,790(37.0) 1,179 (31.6) 1,611 (42.2) <0.001 <0.001
<0.001 2392(31.7) 1,053 (28.2) 1,339 (35.1) <0.001 <0.001
<0.001 717 (9.5) 313 (8.4) 404 (10.6) 0.001 <0.001
0.012 1,760 (23.3) 807 (21.6) 953 (25.0) 0.001 <0.001
<0.001 707 (9.4) 304 (8.1) 403 (10.5) <0.001 <0.001
<0.001 502 (6.6) 195 (5.2) 307 (8.0) <0.001 <0.001
7,550 (100) 3,731 (100) 3,819 (100)
<0.001 271.9(207.1)  250.2(195.6)  292.6 (215.6) <0.001 <0.001
6,779(89.8) 3,267 (87.6)  3,512(92.0)
<0.001 116.7(82.5)  109.2(77.8)  124.2(86.3) <0.001 <0.001

Values expressed as percentage (%) or mean (SD: standard deviation) or median (percentile 25 — percentile 75), p: statistical significance. N-ERD

(NSAID-exacerbated respiratory disease) was defined as the presence of codes regarding CRS, asthma, and intolerance to NSAID (Non-Steroidal Anti-

Inflammatory Drug). Type 2 inflammatory diseases include asthma, atopic dermatitis, allergic rhinitis, NSAID intolerance and N-ERD; Abbreviations:

CRSsNP: chronic rhinosinusitis without nasal polyps; CRSWNP: chronic rhinosinusitis with nasal polyps, IgE: immunoglobulin E, N-ERD: non-steroidal

anti-inflammatory drug (NSAID)-exacerbated respiratory disease.

national data on CRS prevalence, and to analyse it according to
severity criteria. In our study, the prevalence of CRS was 5.1%,
CRSsNP was more prevalent than CRSWNP (4.3% vs. 0.8%). Se-
vere CRS was more frequent in CRSWNP than in CRSsNP patients
(50.6% vs. 6.9%). In comparison with CRSsNP, CRSWNP patients
were older and had higher levels of T2 inflammatory biomar-
kers and coexisting T2 inflammatory diseases. Not surprisingly,
CRSwWNP patients usually suffered from more specific respiratory
symptoms (obstruction/rhinorrhoea, LoS, sleep disorder) than
CRSsNP patients, particularly those with severe disease.

The epidemiology of CRS has been previously studied in several
countries worldwide. The overall prevalence of symptom-based
CRS varies between 5.5% and 28% 3. The prevalence of CRS
was reportedly 11%, 12%, and 10.8% in Europe ©%, the United
States ©" and Korea ©2, respectively, although, in line with our
data, a lower prevalence (4-7%) was estimated in Canada ©?,
Brazil ®¥, China ©%, and Denmark "', In addition, a study in

the Netherlands estimated that the prevalence of CRS ranged
between 3.0% and 6.4% depending on the Lund-Mackay sco-
ring system “. It needs to be considered the time when these
overall prevalences were calculated, and that the selection of
patients or their definition/diagnostic criteria of CRS may impact

the result of the study.

Regarding phenotypes, a study developed in the United States
recorded 4,535 patients with CRSsNP (82%) and 990 with
CRSwWNP (18%), leading to a 4:1 ratio, aligned with the propor-
tion showed in our study in the Spanish population (5.6:1) 9. A
systematic review reported that the prevalence rate of CRSWNP
in the general population ranged between 1% and 2.6% 7. The
overall prevalence of diagnosed CRSWNP in our study seemed
to be lower than that previously published in population-based
studies. However, our results are aligned with other Spanish
studies that reported a 0.16% and 0.49% prevalence @38,

The results of the Spanish studies are consistent with recent
published prevalence in other countries as Poland (0.52%) ©?
or Germany (5-year prevalence: 0.58%) “°. Disparities between
studies may be associated to differences in the study period,
the diagnosis criteria, the setting where patients were recorded
(primary care centres, hospitals and/or emergency care facilities)
and the scope of the study (regional vs. national level).

Severity was more frequent in CRSWNP than CRSsNP patients
(50.6% vs. 6.9%), similarly to what has been previously published
M. However, a Spanish regional analysis reported that 24% of
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Table 3. Medical treatments prescribed according to CRS severity in the retrospective period (2018-20).

Study outcomes CRSsNP

Total Non-severe Severe

Number of patients, N (%) 50,413 (100) 42,863 (100) 39,894(93.1) 2,969 (6.9)

Corticosteroids

Intranasal corticosteroids, N

patients (%) 21,325(42.3) 14,659 (34.2) 12,966 (32.5) 1,692 (57.0)
Daily dose in pg, mean (SD)  119.3 (164.1) 99.6 (142.7) 97.1 (146.5) 110.1 (125.7)
SCS N patients (%) 4,526 (9.0) 2,029 (4.7) 1,693 (4.2) 336(11.3)
T SRel RSt May 1900 12(05) 11(05) 13013)
Number of SCS cycles (=5days) within one year, N patients (%)
Ocycles 43,331(86.0) 40,834(95.3) 38,201 (95.8) 2,633 (88.7)
1 cycle 2,443 (4.9) 1,813 (4.2) 1,528 (3.8) 285 (9.6)
2 cycles 337(0.7) 137 (0.3) 114 (0.3) 23(0.8)
3cycles  1,612(3.2) 63(0.2) 40(0.1) 23(0.8)
>4 cycles 134(0.3) 16 (0.0) 11(0.0) 5(0.2)
Other medications, N patients (%)
Antibiotics 19,207 (38.1) 14,745 (34.4) 12,048 (30.2) 2,705 (91.1)
Antibiotics (long cycles) 6,683 (13.3) 2,654 (6.2) 0(0) 2,654 (89.4)
Antileukotrienes 3,327 (6.6) 2,486 (5.8) 2,234 (5.6) 255 (8.6)
Antihistamines 19,762 (39.2) 15,859 (37.0) 14,601 (36.6) 1,235 (41.6)
'::’:a‘:e(;g; Eedicationssedy 2(1.3) 2(13) 2(13) 3(13)
None 8,318(16.5) 7,973 (18.6) 7,221 (18.1) 644 (21.7)
1 12,150 (24.1) 10,844 (25.3) 10,612 (26.6) 240 (8.1)
22 29,945(59.4) 24,046 (56.1) 22,061 (55.3) 2,084 (70.2)

CRSwNP

p
(CRSsNP
P vs. CRSWNP)

p Total Non-severe Severe
(non-severe

vs. severe)

(non-severe

7,550(100)  3,731(49.4) 3,819 (50.6) Vvs. severe)

<0.001 6,667 (88.3) 3,112(83.4) 3,552 (93.0) <0.001 <0.001
0.002 186 (208.6) 142.8 (262.7) 205 (176.8) <0.001 <0.001
<0.001 2,497 (33.1) 523 (14.0) 1,974 (51.7) <0.001 <0.001
<0.001 2.5(0.9) 1(0.0) 2.9(2.9) <0.001 <0.001
5,053 (66.9) 3,208 (86.0) 1,845 (48.3)
630 (8.3) 523 (14.0) 107 (2.8)
<0.001 200(2.7) 0(0) 200(5.2) <0.001 <0.001
1,549 (20.5) 0(0) 1,549 (40.6)
118(1.6) 0(0) 118(3.1)
<0.001 4,462 (59.1) 1,955 (52.4) 2,504 (65.6) <0.001 <0.001
- 4,029 (53.4) 1,745 (46.8) 2,284 (59.8) <0.001 <0.001
<0.001 831(11.0) 336 (9.0 496 (13.0) <0.001 <0.001
<0.001 3,911 (51.8) 1,675 (44.9) 2,230 (58.4) <0.001 <0.001
<0.001 3(1.4) 2(1.3) 3(1.4) <0.001 <0.001
362 (4.8) 254 (6.8) 107 (2.8)
<0.001 1,306 (17.3) 798 (21.4) 504 (13.2) <0.001 <0.001
5,881 (77.9) 2,679 (71.8) 3,208 (84.0)

Values expressed as percentage or mean (SD: standard deviation), p: statistical significance. P: percentiles. Oral corticosteroid cycles followed a pat-

tern of 5-30 days in a row, with a minimum of 15 days between cycles. Abbreviations: CRSsNP: chronic rhinosinusitis without nasal polyps; CRSWNP:

chronic rhinosinusitis with nasal polyps; P: percentile; SCS: systemic corticosteroids (oral); SD: standard deviation.

patients with CRSWNP had a severe disease ?°. This difference
could be due among other to the fact that the total period

in which the surgeries were recorded was shorter than in our
study.

Gender prevalence in CRS is still on debate 734", Our study
showed that most CRSsNP and CRSWNP patients were male
(61.2% and 64.2%, respectively), in agreement with two previous
Spanish studies. The first found that 59.2% of CRSWNP patients
were male @9, the second established that 58.5%-61.4% of their

CRSWNP population were male in all severity levels .

CRS prevalence is associated with age, since CRSWNP patients
develop NP in more advanced disease stages "2, Our study
found differences in the mean age of both populations (42.8
and 50.1 years, p<0.001) respectively; CRSWNP developed in
>45- year-olds, a late disease onset similarly to other T2 diseases.
Studies differ in their CRS population mean age. Benjamin et al.
found no differences in the mean age of CRSsNP/CRSwNP (50.8
years vs. 50.3 years) ©¢, while another study reported a median

age of 38 vs. 45 years old, respectively ?. This may be related to
the smaller size of those study populations; our population was
almost 10 times bigger (50,413 vs. 5,780 patients)"-3¢),

A close connection between CRS and eosinophilia has been
widely reported, having eosinophilic CRS a worse prognosis 3
and a higher risk for NP recurrence 4. Our study showed that
CRSWNP patients, particularly those with severe disease, had hi-
gher BEC. Besides, we observed that CRSWNP patients, especial-
ly those with severe disease, had higher IgE levels than CRSsNP,
similar to what Castillo et al. reported in asthmatic patients with
CRSWNP / CRSsSNP ©9),

Patients with CRS, mostly with CRSWNP and severe disease,
suffer of frequent sinonasal symptoms, including reduction/

LoS “650), Sleep problems are 50-90% more common among CRS
patients ®V. Nevertheless, all these studies suggest that patients
with CRSWNP have a poorer health status than patients with
CRSsNP.
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Table 4. Sinonasal surgeries performed in patients with severe CRSWNP and severe CRSsNP.

Time period

Previous period

Retrospective period Total period

Severe CRSWNP (N=3,819)

Patients with sinus surgery, N (%) 1,894 (49.6)
Number of sinus surgeries, N (%)
1 surgery 1,671 (43.8)
> 2 surgeries 223 (5.8)
Types of sinus surgery  Total, N 2,123
ESS', N (%) 1,859 (87.8)
Other sinonasal surgeries, N (%) 264 (12.4)
Severe CRSsNP (N= 2,969)
Patients with surgery, N (%) 745 (25.1)

1,531 (40.1) 3,103 (81.3)
1,389 (36.4) 2,442 (63.9)
142 (3.7) 661 (17.3)
1,687 3,810
1,549 (91.8%) 3,408 (89.5)
101 (8.2%) 402 (10.5)
479 (16.1) 1,200 (40.4)

Previous period: 01/01/2012 - 30/06/2018 (6.5 years). Retrospective period: 01/07/2018 - 30/06/2020 (2 years). Total period: 01/01/2012 - 30/06/2020

(8.5 years). Abbreviations: CRSsNP: chronic rhinosinusitis without nasal polyps. CRSWNP: chronic rhinosinusitis with nasal polyps; ESS: endoscopic

sinus surgery. Surgeries were analysed in the overall population. Having a sinonasal surgery classified the patient into the severe group according to

the severity criteria.

Moreover, CRS patients commonly suffer from coexisting T2
inflammatory diseases, such as asthma, AR, N-ERD, and AD 937
5259 Qur study reported that 17.5% and 31.7% of patients with
CRSsNP and CRSwNP, respectively, had asthma, while 1.7% and
6.6% had N-ERD, respectively. Previous studies have shown that

40 - 67% of CRSWNP patients had asthma ©*" and 26% N-ERD ©,

while only 21.2% of CRSsNP patients registered asthma “7.
Although less common, patients with CRSsNP may present
N-ERD. This has been previously reported “? and it is explained
in clinical practice by the fact that the phenotype with NP could
appear later in CRS development. Although our study found a
lower prevalence of coexisting T2 inflammatory diseases (47.8%
in CRSsNP and 65.2% in CRSWNP), our results showed a close
association between CRSWNP and more severe coexisting T2
inflammatory diseases, particularly asthma, AD, and N-ERD.
Differences with other studies may be related to variations in
medical practice and patients’ selection process (e.g. Philpott et
al. recruited patients from secondary and tertiary care centres
[higher severity] whereas our study included patients from both
primary care and hospital centres) “". Patients with CRSWNP
and coexisting T2 inflammatory asthma (with or without N-ERD)
present a more severe phenotype, characterised by increased
number of NP, and higher NP recurrence after surgery, are more
dependent on SCS, have worse asthma control and higher heal-
thcare resource use and related costs 9.

Concerning systemic comorbidities, our study reported that
arterial hypertension, diabetes mellitus (only in CRSWNP),
Parkinson disease (only in CRSsNP), and dementia were more
frequent in severe than non-severe disease in CRSsNP and
mainly in CRSWNP patients.
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Additionally, we studied the use of pharmacological treatments
in CRSWNP and CRSsNP patients in Spain. Our results showed
that INCS (88.3%) and oral antihistamines (51.8%) were the most
prescribed drugs in CRSWNP patients. However, poor compli-
ance of INCS has been previously reported in these patients 7.
According to the current guidelines -2, INCS are recommended
for CRSWNP, while oral antihistamines are only recommended in
patients with comorbid AR, only present in 37% of our patients.
This finding suggests an overuse of antihistamines in CRSWNP in

Spain, as previously found in patients with acute rhinosinusitis
(8)

According to the EPOS 2020 guidelines, antibiotics are speci-
fically recommended only for CRSsNP  but our data showed
that 38.1% of CRS patients were treated with antibiotics in

the 2-year retrospective period (34.4% of CRSsNP vs. 59.1% of
CRSwWNP). This clearly differs from a German study where 12.4-
19.1% of CRS patients received antibiotics during the previous
year %9, The consumption of antibiotics in Spain is traditionally
higher compared to other European countries &%, which could
partially explain this, together with the fact that in our study we
included the medications prescribed in the last two years.

Regarding SCS indicated for severe CRSWNP treatment, our
study found that CRSWNP patients took an average of 2.9 cycles
of SCS within one year during the two-year retrospective period,
more than double of what was previously reported by Gray et
al. (1.1) ", Patients who require more intensive SCS treatments,
may be at higher risk of SCS-induced adverse events ?. The
EPOS 2020 suggested that 1-2 courses/year could be acceptable
if added to INCS in patients with uncontrolled disease . Additi-



onally, these guidelines indicate that novel biological treatments
could be administered to patients to avoid SCS overprescription
or surgery 7. Of note, biologicals were not commercialised in
Spain during the retrospective period.

Furthermore, our results showed that 48.3% patients with severe
CRSwWNP did not receive treatment with SCS during the retro-
spective period. This could point towards more than half of the
patients with severe CRSWNP showing an adequate control of
the disease after surgery.

It has been recently reported that patients with CRSsNP required
fewer surgeries than those with CRSWNP (22.7% vs. 45.9%) 9.
The proportion of patients with CRSWNP undergoing surgery va-
ries among countries: 43-52% in the US, 55% in the UK, 46% in
Europe, and 84% in Belgium ©7. Our results showed that 41.1%
of the CRSWNP patients underwent surgery, compared to 4.5%
of CRSsNP patients; 89.5% of the surgeries performed in severe
CRSwWNP patients were ESS.

In the total 8.5-year study period, 17.3% severe CRSWNP patients
had revision surgeries, similarly to the rates reported in a study
with a similar duration (16.2% after 7.5 years), suggesting that

a high percentage of our study population achieved adequate
disease control after the surgical procedure "7, In contrast,

Calus et al., who followed their study population for longer (12
years) reported that 36.8% of their CRSWNP needed revision
surgery (9. Variations in the number of revision surgeries could
be related to surgical practice, as sinonasal surgery techniques
with a more extensive initial intervention improve CRS surgical
management ¥ and may prevent patients from undergoing
revision surgeries.

Study limitations

First, as it is inherent to cross-sectional studies based on EMRs,
patient’s classification may be biased due to the incorrect cate-
gorization of the disease, disease under-diagnosis, or possible
inaccuracies in diagnostic coding systems, e.g. many healthcare
professionals still classify NP as a different disease distinct from
CRSWNP, which entails the use of different codes. We minimized
this to reduce possible bias, as described in methods, but small
over or underestimation may have occurred. Second, due to
the unavailability of a severity score (Analogical Visual Scale) for
patients with CRS and NP, EPOS 2020 recommendation criteria
for antibiotics, SCS, or/and ESS were used to identify patients
with severe CRSsNP or CRSWNP @, following Sanchez Collado

et al. criteria of two years ?°. This may overestimate the number
of severe patients. In contrast, patients with other T2 coexistent
inflammatory diseases may be receiving SCS unlinked to CRS
codes, therefore, it would not appear in our analysis, and thus,
patient severity could have been underestimated. Third, patients
who had at least one surgery over the 8.5-year previous period

Prevalence of chronic rhinosinusitis in Spain

were considered severe, even though the disease may have
remained under control after surgery, as it can be concluded
from our results on the consumption of SCS. As a result, our
study may suffer from selection bias towards severe patients.
Fourth, some unrecorded variables such as socioeconomic
level, dose changes, or treatment adherence could influence
the results. Fifth, the absence of diagnosis and prescription
information from private health centres may lead to an unde-
restimation of the number of patients with these disorders and
their treatments. Finally, the diagnosis and severity of coexisting
diseases in the study population was also retrospective and
based on codes.

Conclusions

This epidemiologic study performed in Spain shows that CRS-
sNP was more prevalent than CRSWNP, severe CRS being more
common in CRSWNP than in CRSsNP patients. CRSWNP patients
were also older and had higher levels of T2 inflammatory
biomarkers than CRSsNP patients. CRSWNP severe patients had
more specific sinonasal symptoms (including LoS) as well as
coexisting T2 inflammatory diseases (asthma, AD, and N-ERD).
CRSwWNP severe patients also required more surgical interventi-
ons than those with CRSsNP and a non-severe disease. Overall,
this may be considered the most extensive and comprehensive
study describing the prevalence, CRS characteristics and coexis-
ting T2 inflammatory diseases, in both CRSsNP and CRSwNP, in
the Spanish population.
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SUPPLEMENTARY MATERIAL

Table S1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria
a) age =18 years a) displaced or out-of-area patients
b) patients with diagnosis established by CRS and/or NP codes before b) patients permanently institutionalized (in nursing homes)

the index date

c) patients with >2 health records for a minimum of 24 months priorto  ¢) patients terminally ill and/or severely mentally ill
index date

d) patients with >2 prescriptions during the observation period

e) patients with =2 health records during the observation period.

f) patients with a CRS diagnosis record prior to 01/07/2018

Table S2. Definitions of severity according to chronic rhinosinusitis phenotypes.

Severe CRSsNP Patients who received treatment with:
a) long courses of antibiotics (=1 month; Anatomical Therapeutic Chemical [ATC] Classification System code JO1, antibacteri-
als for systemic use) during the last 2 years; and/or
b) Sinonasal surgery during the study period (ICD-9-CM codes 21.31, 22.4, 22.5, 22.6 [excluded: 22.61], 22.9).

Severe CRSWNP Patients who received treatment with:
a) =2 short courses of oral or systemic corticosteroids (> 5 days) during the last 2 years (ATC code: H02AB; courses: 5-30-day
pattern in a row, with at least 15 days between courses); and/or
b) Sinonasal surgery during the study period (ICD-9-CM codes 21.31, 22.4, 22.5, 22.6 [excluded: 22.61], 22.9).

Abbreviations: CRSsNP: chronic rhinosinusitis without nasal polyps; CRSWNP: chronic rhinosinusitis with nasal polyps.

Table S3. Diagnostic codes for the different chronic rhinosinusitis characteristics.

Disorders ICD-09-CM codes
Chronic rhinosinusitis (CRSsNP) 473.0,473.2,473.8,473.9
Nasal polyposis (CRSWNP) 471.0,471.9
Sinonasal symptoms
Rhinorrhea/nasal obstruction 478.19
Loss of smell 781.1
Sleep disorders 780.5, 307
Type 2 inflammatory diseases
Allergic rhinitis 477
Asthma 493
Atopic dermatitis 691.8,692.9
N-ERD 473.0,473.2,473.8,473.9 [CRS] + 493 [asthma] + (995.27 + E935.3 [salicylates], E935.5
[pyrazole derivatives], E935.6 [antirheumatics]; or V14.6 [intolerance to NSAID])
Sinonasal surgeries 21.31,22.4,22.5,22.6 [excluded: 22.61], 22.9

Abbreviations: CRSsNP: chronic rhinosinusitis without nasal polyps; CRSWNP: chronic rhinosinusitis with nasal polyps; N-ERD: aspirin/non-steroidal

anti-inflammatory drugs exacerbated respiratory disease. Source: Spanish Ministry of Health, 2021 @3,



