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Methods
This study is a post hoc analysis of our previous study that evaluated the pathophysiological link between upper and lower airways in CRS patients[E1]. We prospectively recruited 56 CRS patients who were subjected to undergo ESS between October 2015 and December 2017 and followed them for 1 year after ESS. Patients were diagnosed as having asthma when they complained of asthma-related symptoms such as cough, dyspnea, chest tightness and wheezing with the presence of clinical reversible airway obstruction or airway hyperresponsiveness to inhaled methacholine[E2]. The diagnosis of CRS was made according to radiological and endoscopic findings with two or more physical symptoms (mucopurulent drainage, nasal obstruction, facial pain, impaired sense of smell) lasting for 12 weeks or longer[E3]. 
[bookmark: _Hlk17579581]All patients underwent measurements of blood eosinophils, serum IgE, periostin, osteopontin, and YKL-40, and FeNO at enrollment, along with sinus CT scan, olfactory function testing assessed by Open Essence method (ranging from 0 to 12, lower scores indicate worse olfaction), CRS-related QoL questionnaire, the Sino-nasal Outcome Test-22[E4], and pulmonary function testing. Patients were excluded if they were current smokers or had ceased smoking within the previous six months; had other pulmonary diseases including chronic obstructive pulmonary disease; took oral corticosteroids; or experienced an acute respiratory infection within four weeks prior to enrollment. We previously described this methodology in detail[E1], except for the serum biomarkers measures. 
This study was approved by the Ethics Committee of Nagoya City University (Number 1165) and was registered on the UMIN Clinical Trials Registry (Registry ID UMIN000018672). Written informed consent was obtained from all participants.
Measurements of biomarkers
Serum periostin levels were measured with the use of an enzyme-linked immunosorbent assay developed by Shino-Test (Kanagawa, Japan) as described previously[E5, E6]. Serum osteopontin (R&D systems, Tokyo, Japan) and YKL-40 levels (Quidel, San Diego, Calif., USA) were measured according to the manufacturer instructions. These biomarkers were measured in a blinded manner following the completion of clinical data collection. Detailed methods for the measurements of FeNO have been described previously[E1]. Briefly, we measured FeNO levels with an oral expiratory flow rate of 50 ml/s using a Sievers NOA 280i chemiluminescence analyser (GE Analytical Instruments, Boulder, USA) according to the manufacturers guidelines[E7]. One patient with asthma failed to to undergo the NO measurement at enrollment due to an apparatus failure.
Histological evaluation of sinus tissues and/or nasal polyps
[bookmark: _Hlk17577223]One otorhinolaryngology specialist performed all ESS and obtained inflamed sinus tissue and/ or nasal polyps (NPs) samples under general anesthesia. After staining with Hematoxylin-Eosin, one pathologist, blinded to the clinical data, counted the number of eosinophils in NPs and sinus tissue per HPF. Patients were considered to have ECRS if eosinophils were seen ≥70 /HPF in either sinus tissues or NPs[E8]. Otherwise, a diagnosis of non-ECRS was made.
Definition of asthma exacerbations
Asthma exacerbations were defined as patients requiring oral corticosteroids for 3 or more days and/or intravenous corticosteroids for one or more days, or experiencing hospitalization due to asthma worsening according to the ERS/ATS severe asthma guidelines[E9]. The change in exacerbations number (Δexacerbations) with ESS intervention was calculated as follows: Δexacerbations = numbers of exacerbations for 1 years before ESS – those for 1 year after ESS.
Evaluation of asthma-related QoL
We assessed asthma-related QoL using the Asthma Quality of Life Questionnaire (AQLQ), which consists of 32 items covering four domains; symptoms, environmental stimuli, emotional function, and activity limitation[E10]. Higher scores represent improved asthma-related QoL. We obtained the permission to use the questionnaire for this study from Professor Elizabeth Juniper, McMaster University, Canada.
Statistics
[bookmark: _Hlk17404423][bookmark: _Hlk40960152][bookmark: _Hlk22418748]Data were analysed using JMP 14.2 Start Statics (SAS Institute Inc., Cary, NC, USA), and are presented as medians (5th percentile, 95th percentile) or n (%). Comparisons of upper/lower airways indices and biomarkers between the two groups [asthma vs without asthma, and non-exacerbators after ESS (Ex- group) vs exacerbators after ESS (Ex+ group)] were made using Wilcoxon rank sum test. Wilcoxon single rank test was adapted when biomarkers were compared between before and after ESS. For categorical variables, Fisher’s exact tests were applied. We investigated the accuracy of biomarkers for the detection of comorbid asthma among CRS patients and the prediction of exacerbation following ESS using receiver operating characteristic (ROC) analysis. A p value ≤0.05 was considered significant when α error was set at 5 %.
Spearman rank correlations were used to assess associations of preoperative upper/lower airways indices and biomarkers with exacerbations numbers for one year post ESS and Δexacerbations. When a ρ value showed ≥ |0.40|, we considered this a meaningful correlation.

Figure legends:
Figure E1: Receiver operating characteristic curves for discriminating comorbid asthma among ECRS (A-C) and non-ECRS patients (D-F). 
[bookmark: _Hlk40954895]The sensitivity and specificity of blood eosinophils (A, D), serum periostin (B, E) and FeNO (C, F) are shown. Patients were considered as ECRS if eosinophils were seen ≥70 /HPF in sinus tissue and/or NPs. Otherwise, non-ECRS. One non-ECRS patient with asthma failed to conduct the FeNO measurement because of apparatus failure. Receiver Operating Characteristic analysis was applied to determine the accuracy of biomarkers for the diagnosis of comorbid asthma.
Figure E2: Receiver operating characteristic curves for predicting the absence of exacerbations for a year after ESS (A, B) or reduction of exacerbations (C, D) by endoscopic sinus surgery (ESS)
The sensitivity and specificity of serum periostin (A, C) and eosinophils in NPs (B, D) are shown.
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