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Abstract

Background: There have been few studies assessing long-tetcoraas of asthma based on regular

follow-up data.

Objective: We aimed to demonstrate clinical outcomes of aathynmultidimensional analyses of a

long-term real-world database and a prediction rhoflgevere asthma using machine learning.

Methods: The database included 567 severe and 1,337 naasadelt asthmatics, who had been
monitored during a follow-up of up to 10 years. ¥aluated longitudinal changes in eosinophilic
inflammation, lung function, and the annual humtfeasthma exacerbation (AE) using linear mixed
effects model. Least absolute shrinkage and sefeoferator logistic regression was used to develop

a prediction model for severe asthma. Model peréorre was evaluated and validated.

Results: Severe asthmatics had higher blood eosinoph# §.020) and neutrophiP(< 0.001) counts
at baseline than nonsevere asthmatics; blood q@sirmunts showed significantly slower declines
in severe asthmatics than nonsevere asthmatiasgioat the follow-upR = 0.009). Severe
asthmatics had a lower level of forced expiratariumne in 1 second< 0.001), which declined
faster than nonsevere asthmaties(0.033). Severe asthmatics showed a higher amouaber of
severe AE than nonsevere asthmatics. The predictamel for severe asthma consisted of 17

variables, including novel biomarkers.

Conclusions:Severe asthma is a distinct phenotype of asthrapersistent eosinophilia,
progressive lung function decline, and frequenesgAEs even on regular asthma medication. We

suggest a useful prediction model of severe astbma&search and clinical purposes.

Key words: severe asthma, clinical outcome; asthma exacerhaasinophil; inflammation; real-

world evidence



Abbreviations

AE: asthma exacerbation

FEV1: forced expiratory volume in 1 second (%)

OMOP CDM: the Observational Medical Outcome Partnership CombBata Model

ICD-10: the 10th revision of the International StatistiC#ssification of Diseases and Related

Health

ICS: inhaled corticosteroid

LABA: long-actingB,-agonist

CS: corticosteroid

SAE: severe asthma exacerbation

HIEP: highly exacerbation-prone

EP: exacerbation-prone

LMM: linear mixed effects model

Lasso:least absolute shrinkage and selection operator



Highlights box

1. What is already known about this topic?

Severe asthmatics are suffering from frequent ragply symptoms and acute asthma
exacerbations and are at risk of rapid lung fumctiecline, which is attributed to a higher

level of eosinophilic airway inflammation.

2. What does this article add to our knowledge?

This study presents real-world longitudinal dataxfrsevere asthmatics concerning
eosinophilic inflammation, asthma exacerbation, land function, which have hardly been
addressed. Based on the observation, a novel fioedinodel for severe asthma using a

machine learning technique was established.

3. How does this study impact current management guidimes?

The study results emphasized that earlier and axtiee treatment strategies are needed for
severe asthmatics. The prediction model of seva@frera in our study may help identify and

better manage severe asthmatics.
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INTRODUCTION

Asthma is a chronic inflammatory disease of thevays affecting more than 300 million people
worldwide [1]. Remarkable advances in asthma treatnover the last decade enabled many
asthmatics to maintain well-controlled status Rawever, some asthmatics are still suffering from
persistent symptoms and asthma exacerbations (@¢spite the treatment. They are referred to as
severe asthmatics, who are a minority of the olvasthmatics but are responsible for more than half
of the economic burdens of asthma [3]. There amafor components (airway eosinophilia and
bronchoconstriction) in the pathogenesis of astlija Patients with severe asthma have higher
blood/sputum eosinophil counts and lower leveldoofed expiratory volume in 1 second (FEV1),

both of which are closely related with frequent Ad¥en treated by multiple asthma medications [5].

Variable unmet needs exist in severe asthma duethé& heterogeneity in epidemiology,
pathophysiology, diagnosis, treatment, and progn@dthough several large cohort studies of severe
asthma have been performed, there is still muchentorbe disclosed {8]. Many efforts have
recently been made to develop a prediction modebfober acute or chronic diseases by applying
machine learning techniques using clinical labosatoeasurements of patients. However, there have
hardly been real-world studies applying these teglas to detect severe adult asthmatics and the

potential risk factors of severe asthma [9, 10].

We aimed to determine the differences in the dihharacteristics between severe and nonsevere
asthmatics treated in a single tertiary hospitalKiorea, using cross-sectional and longitudinal
analyses with the linear mixed effects model (LMb&sed on a large-scale database. In addition, the

predictive model for severe asthma was implemebyeabplying a machine learning technique.

METHODS

Data source

It is a prospective study of adult asthmatics whd been treated by asthma specialists for 8.5@2 5.
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years in the Department of Allergy and Clinical lommology in Ajou University Medical Center
(Suwon, South Korea). The study patients were méat that their medical information would be
collected after signing the consent form at thst fiisit to our clinicOur Institutional Review Board

approved this study (AJIRBAED—MDB-19-100).

We established a database named ICARUS (Immurefinfatory Disease Common Data Model
Augmentation for Research Union System) for thdepth analyses of refractory immune diseases. It
contains real-world clinical data on biomarkers dndg functions from the medical records of
patients with immune/inflammatory diseases, implet@e with the Observational Medical Outcome
Partnership Common Data Model (OMOP CDM) [11, II}je OMOP CDM incorporates data from
heterogeneous healthcare databases in terminotmhyp\aerall structure, which promotes research to

improve human health.

Complete blood cell count with differentials (indlng absolute eosinophil counts), renal and liver
function test, electrolytes, uric acid, albuminyterocyte sedimentation rate, and urinalysis weneed
at baseline. The serum levels of total IgE, spedifE to house dust mite and environmental pollens,
and eosinophil cationic protein were measured ugimgunoCAF (ThermoFisher, Waltham MA,
USA). The results of allergic skin prick tests tavamon inhalant allergens were also included. Atopy
was defined according to the 10th revision of thiernational Statistical Classification of Diseases
and Related Health (IGELO) codes containing “allergic” or “atopic” or semspecific IgE level to a
common inhalant allergen of over 0.35 kU/L [13]l| pdtients enrolled in the present study underwent

pulmonary function and methacholine challenge tastgreviously described [14, 15].

Definitions

The time point when asthma medications were firesgribed to each patient was designated as the
baseline of this study. Asthmatics were definedadlsws: (1) the presence of IGR0 codes for

asthma (J4546) at baseline (2) the prescription of asthma paitins for longer than 3 months from
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baseline to index date (a year after baselinehici information for up to 10 years after baselivees
collected from the asthmatics. The asthma meditativere as follows: short-actirfiy-agonists,
inhaled corticosteroids (ICS) alone, ICS with lamging p.-agonists (ICSLABA), leukotriene
receptor antagonists, long-acting muscarinic amtisg® xanthine derivatives, and systemic
corticosteroids (CS). Severe asthmatics were défase(1) asthmatics being treated by medium- to
high-dose ICSLABA within 2 years after baseline date and (2)ihguynore than 4 events of severe
AEs (SAEs) within 2 years after baseline. Asthnsatidio did not fulfill the criteria were defined as
nonsevere asthmatics. Asthmatics who had beenetreafith any type 2-targeting biologics
(omalizumab, mepolizumab, reslizumab, and dupilymf@o > 6 months before baseline were
excluded. SAE was defined as being prescribed mysteorticosteroids (oral prednisolorel5 mg

per day or its equivalent for 3 consecutive daysyisiting the emergency or outpatient department
due to worsened asthma symptoms. In addition, acacierize patients who had more frequent SAEs,
we classified severe asthmatics as 2 groups bas#tecannual number of SAE within the first year
after baseline: the highly exacerbation-prone grtigP group, annual number of SAE4) and the
exacerbation-prone group (EP groups 2annual number of SAE < 4). Severe asthmatics aks@
classified as severe eosinophilic asthma (baselimed eosinophil court 300/uL) and severe non-
eosinophilic asthma (baseline blood eosinophil teuB00/uL). Late-onset asthma was defined by

the age of asthma onset0 years [16].

Comorbidities were defined as the presence ofaat lene ICB10 code of the following during the
study period: rhinitis/chronic rhinosinusitis (JAM2, J38J33), allergic conjunctivitis (H10), atopic
dermatitis (L20, L23, L25), urticaria/angioedema&@) D84, L27, L29, L50, T78), hypertension (110),
diabetes (E1€E14), osteoporosis (M882), depression (F32, F33), arthritis (MOA9, M13),

gastroesophageal reflux disease (GERD) (K21), sefteimic heart disease (1205, except 120.1).

Multidimensional analysis

Cross-sectional analyses compared baseline chasticte inflammatory profiles, comorbidities, and
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the frequency of asthma medication of severe am$ew@re asthmatics. Continuous variables were
assessed using studerttest or Wilcoxon-signed rank test after normalityidation by Shapiro-Wilk
test. Categorical variables were compared usingythest. AP value of < 0.05 was considered

statistically significant.

Longitudinal analyses were conducted to assessdifierences in long-term changes in the
measurement values, medication use, and SAE betsmamne and nonsevere asthmatics. The LMM
was used to assess the differences in long-terampders (FEV1, blood eosinophil and neutrophil
counts, and sputum inflammatory cell counts). Isugtable for real-world studies as it accounts for
irregularly dispersed longitudinal data with diffet time points. In the LMM, we included each
measurement, group, time, and time by group intera@s fixed effects and random intercept and
slope as random effects, with the variasmrariance structures of autoregression (1). Thefitdng
model was chosen with the smallest Bayesian InfoameCriterion. If normality was not assumed,
data were log-transformed. To compare the annuabeu of SAE, we calculated the average number
of SAEs in each year. The long-term pattern offtequency of asthma medications in severe and

nonsevere asthmatics for up to 10 years was deratext

The prediction model utilizing a machine learning technique

Lasso (least absolute shrinkage and selection mpgragistic regression was used to develop a
prediction model for severe asthma and to determvinieh baseline measurements and demographic
data could differentiate severe and nonsevere asitsn It is a type of regression analysis for
predictor selection in order of predictive strengthd regularization. It shrinks coefficients of
parameters to zero and minimizes overfitting dafd.[After reviewing the literature, predictors of
severe asthma were chosen from clinically availataén, including demographic characteristics,
parameters of baseline blood/sputum/urine, and fungtions [18-22]. All continuous variables were
normalized by MirMax method. The data were randomly split into tlaéning set (75% of the data)

and the test set (25%) for internal validationtwf thodel. The prediction model was built using bass
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logistic regression at 3-fold cross-validation ba training set. The discriminability of the moeels
assessed by the receiver operating characteristi@s of the training and test sets. The effect of
variables was confirmed by the covariate coeffitieAll analyses were performed using R (version

3.5.1, R Project for Statistical Computing, VienAastria).

RESULTS

Study subjects

The ICARUS database included 2,228 asthmatics, vaabbeen followed up for longer than 2 years
from 1994 to 2017 (Figure 1). Among them, 276 withasthma medications and 48 who had been
treated with any type 2-targeting biologics forden than 6 months were excluded from the study. A
total of 1,904 asthmatics were enrolled; 567 ar@B7,patients were classified as severe and
nonsevere asthmatics, respectively. Among sevéhenatics, the HIEP and EP groups consisted of
189 and 378 severe asthmatics, respectively. Wiehetxclusion of 88 patients whose initial blood

eosinophil counts were not available, the numberse¥ere eosinophilic and non-eosinophilic

asthmatics were 221 and 258, respectively.

Comparison of demographic and baseline clinical characteristics between severe and nonsevere

asthmatics

The demographic and baseline clinical charactesistiere compared between severe and nonsevere
asthmatics and between the HIEP and EP groupsg(TabEevere asthmatics were older, had a longer
duration of asthma, and showed a higher propoxiofemales (allP < 0.001). Baseline body mass
index was higher in severe asthmati¢s £ 0.023). Baseline FEV1(%) and FEV1/FVC were
significantly lower in severe asthmatics @k 0.001). The onset age of asthma and the propoofio
late-onset asthma were higher in severe asthn{@&ic€0.001 and® = 0.055, respectively). The HIEP

group demonstrated a shorter asthma duration dodex baseline FEV1/FVCHA = 0.033 andP <
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0.001, respectively).

Baseline blood and sputum eosinophil counts tertdette higher in severe asthmatics than in
nonsevere asthmatics, which was not statisticadjgificant. Baseline blood neutrophil counts (not
sputum neutrophilsP = 0.473) were higher in severe asthmatics tharoimsevere asthmatic® &
0.001) (Table 2). Severe asthmatics had lower rafesllergic comorbidities than nonsevere
asthmatics (Table 3): atopy, rhinitis/chronic rreimusitis, allergic conjunctivitis, atopic dermasjt
and urticaria/angioedema (&< 0.001). HypertensionP(= 0.006), diabetes mellitu® (= 0.012),

osteoporosisi = 0.001) and GERDR = 0.005) were more prevalent in severe asthmatics.

Longitudinal changesin inflammatory profiles and lung function

The LMM analyses showed that blood eosinophil ceuaputum eosinophils (%), and neutrophil
counts decreased during the follow-up, with negativefficients of time effect. Severe asthmatics
showed higher blood eosinophil and neutrophil cetindn nonsevere asthmati€s= 0.020 and <
0.001, respectively), but not for sputum eosinaplife) @ = 0.079). Blood eosinophil counts of
severe and nonsevere asthmatics diverBeel @.009), but the changes in sputum eosinophil 4#6)
blood neutrophil counts between severe and nonseasgthmatics throughout the follow-up did not

exhibit statistical significancd®(= 0.556 and® = 0.113, respectively) (Figure 2 and Table E1).

Figure 3 shows comparisons of longitudinal changegsEV1(%) for up to 10 years between severe
and nonsevere asthmatics as analyzed by the LMMelBa FEV1(%) was lower in severe
asthmatics than in nonsevere asthmatits (0.001), although there were significant differesién
FEV1(%) decrease throughout the follow-Uup % 0.033) (Table E1 and Table E2). No significant
differences were noted in FEV1(%) decreases betwleerHiIEP and EP group® & 0.738) and
between severe eosinophilic and non-eosinophilicnzetics throughout the follow-ug? (= 0.256)

(Table E1 and Figure E1).
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Comparison of medication use and the annual number of SAE between severe and nonsevere

asthmatics

The changes in the annual number of SAE for upOgdars were compared between severe and
nonsevere asthmatics and between the HIEP and &mpgr(Figure 4 and Table E3). Severe
asthmatics had a higher annual number of SAE thamsevere asthmatics. They persistently
experienced SAEs more than once a year despitmastiedications, whereas nonsevere asthmatics
experienced less than once a year during the giedgd. In addition, the annual nhumber of SAE
remained higher in the HIEP group (higher than angear) than in the EP group (once a year) during
the follow-up of the last few years. The changeth@émannual number of SAE for severe eosinophilic

and non-eosinophilic asthmatics and nonsevere asitsrare presented in Figure E2.

All the asthma medications, including medium- tghdose ICSLABA and systemic CS, were
prescribed more frequently in severe asthmatias ithaonsevere asthmatics (Blk 0.001) (Figure 5
and Table E4). The cumulative dose of systemic @2 fyears after baseliveas also significantly
higher in severe asthmatics than in nonsevere asitsrand in the HIEP group than in the EP group
(all P < 0.001). The frequency of asthma medications ireige eosinophilic and non-eosinophilic

asthmatics are shown in Figure E3.

The prediction model of severe asthma

Predictive factors for severe asthma were ideutifig using the Lasso logistic regression model
(Figure 6 and Table E5). They included baselin@tl@ukocyte count, age, blood eosinophil count,
urine leukocyte count, platelet count, blood urigiagen, serum uric acid, blood basophil percentage
and female sex. The lower levels of FEV1(%), lowerum specific IgE levels to American and

European house dust mites, and lower urine eryytecaand blood lymphocyte counts were suggested
to contribute to severe asthma. The area undesuttve of the training and test sets were comparable

(0.703 for the training set, 0.704 for the tes}.set
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179  DISCUSSION

180  The present study demonstrated long-term clinicét@mes of 567 severe asthmatics for up to 10
181 years about bronchoconstriction, airway inflammatiand the annual number of SAE, as compared
182 to 1,337 nonsevere asthmatics. Severe asthmatiesolger and had a longer duration of asthma, a
183  higher proportion of females, and a greater bodgsradex. They were more likely to suffer from
184  comorbid disorders. They had lower FEV1(%) at baselwhich declined more steeply despite higher
185  doses of ICS and systemic CS and the higher amumaber of SAE. Taken together, this is the first
186  real-world evidence for the long-term clinical awees of severe and nonsevere asthmatics by
187  multidimensional analyses, suggesting that newathertic interventions are critical for improving
188  the clinical outcomes of severe asthma. The priediachodel of severe asthma implemented in this

189  study may help provide new insights into the manage of severe asthma.

190  Our study showed the differences in long-term oues between severe and nonsevere asthmatics:
191 reductions in FEV1(%), blood and sputum eosinomualnts, and the annual number of SAE.
192  FEV1(%) declined more steeply despite asthma mgditain severe asthmatics, while it decreased
193 by the ordinary rate in nonsevere asthmatics (qmeately 22.4 mL/year) [23]. The increased
194  numbers of blood and sputum eosinophils did ndttéatero by medium- to high-dose ICS/systemic
195 CS in severe asthmatics, while they fell to zercnamsevere asthmatics [24, 25]. Although both
196  severe and nonsevere asthmatics experienced SAHsgdine first year of treatment, severe
197  asthmatics experienced more frequent SAEs thanenens asthmatics throughout the follow-up. It
198  suggests that airway inflammation may not be seffity suppressed within a year and provides the
199 rationale for the optimal use of long-term maint&e of asthma medications. Since severe
200  asthmatics with uncontrolled eosinophilic airwaylammation suffered from frequent SAEs that
201  accelerated lung function declines, more activerigntions, such as biologics targeting type 2

202  inflammation, are required to prevent SAEs and lumgtion declines in severe asthmatics [26, 27].

203  Eosinophilic airway inflammation is major pathopioysgy of severe asthma [28, 29]. Blood
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eosinophil count has been widely used as a us@uldsker for eosinophilic airway inflammation,
and its clinical implications have been reportedhia clinical studies [3€82]. In these studies, IL-5-
targeting biologics effectively reduced AEs andirewghilia, implying that blood eosinophils may
play an important role in the clinical severity grathogenesis of airway inflammation. However, the
cutoff values of blood eosinophil count definingresiee eosinophilic asthma were variable by each
clinical trial [33, 34]. Although sputum eosinoplaibunt is expected to reflect airway inflammation
and has been considered a biomarker for severanastheveral studies suggested that blood
eosinophil counts were more suitable to define mee®sinophilic asthma [35, 36]. In our study,
blood eosinophil counts remained higher and shoavetbwer decline in severe asthmatics than in
nonsevere asthmatics. Sputum eosinophil (%) wassignificantly different between severe and
nonsevere asthmatics. It suggests that blood amirspeosinophil count may partly reflect airway
inflammation and clinical severity in asthma. Wesetved that no difference was found in FEV1(%)
decline, the annual number of SAE, or the frequentyasthma medication between severe
eosinophilic and non-eosinophilic asthmatics (TaébBeand Table E4). Nevertheless, we found that
blood neutrophil counts decreased in severe andavene asthmatics but remained higher in severe
asthmatics than in nonsevere asthmatics througheubllow-up. The role of neutrophils in asthma
has not been completely elucidated, even thougheva $tudies have reported neutrophilic
inflammation and eosinophiheutrophil interactions could play a role in sevaséhma [37, 38]. Our
findings suggest that activated eosinophils arécatifor developing severe asthma, but further
studies are needed to determine the importancthef effector cells in asthma, including neutraphil

or structural components.

The remarkably higher annual number of SAE in seasthmatics is also noteworthy. The annual
number of SAE in severe asthmatics decreased ifirdteseveral years of treatment but remained
higher than once a year afterward. In the HIEP grdhe annual number of SAE was persistently
higher and more variable throughout the study perithe HIEP group had lower FEV1(%) and
FEV1/FVC levels, and higher basophil and plateteints than the EP group. There have been a few

studies suggesting that activated mast cells may pl role in severe asthmatics refractory to
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treatment and that platelgukocytes aggregates are involved in type 2 aimwlgmmation [39, 40].
The present study also showed that patients witiala comorbidities and related poly-medications
had poor clinical outcomes, especially in the dydpopulation, indicating that comorbidities should
be considered in the management of severe asththalgken togetherAE leads to persistent airway
inflammation/structural changes in the airways,hbof which are very heterogeneous in severe
asthma. The exact mechanisms of AE according terdiit inflammatory phenotypes (neutrophilic or
pauci-granulocytic phenotypes) and the exact rblmast cells, basophils, and platelets remain to be

determined.

Our prediction model of severe asthma proposedrthdtiple components would be related to the
pathogenesis of severe asthma. Previous studiegedhihat severe asthmatics were older and more
likely to be female, which is in line with our rdésu[20]. Our prediction model further suggested
several potential biomarkers and new targets aéreeasthma, which have not been detected in some
previous studies: increased platelets and basoptiits and higher blood urea nitrogen and uric acid
levels. Plateleteosinophil aggregates were reported to participagosinophil activation in patients
with aspirin-exacerbated respiratory disease [82, Basophil is considered as a key effector ckll o
type 2 airway inflammation [44]. Uric acid was segted to induce type 2 inflammation in a mouse
asthma model [45]. Although further studies in otlkehorts are required, we suggest that our

prediction model may help identify new diagnostic éherapeutic targets of severe asthma.

There are some limitations to our study. Firstcsimsthmatic patients were enrolled at a single

tertiary hospitaltheir clinical characteristics may not represet general population of asthmatics.

However, our asthma center is the largest one incountry to which many severe asthmatics are
being referred, and the prevalence of severe asttesaestimated at 43.4% in our cohort, which is
higher than that of a previous study [46]. In thisdy, patients had been treated by the same team o
asthma specialists during a period of up to 10s/edith the same treatment guidelines; therefore, ou
prediction model of severe asthma could be apmtpfor assessing the longitudinal outcomes of

severe asthmatics with close monitoring of SAE, adiidities, and laboratory/spirometry findings in
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real-world clinical practice. Secondly, the fractiof exhaled nitric oxide was not included in our
study because it has been approved since 2018 rieaK@lthough considered a surrogate for the
measurement of eosinophilic inflammation, it istinei specific for asthma nor reflective of non-
eosinophilic airway inflammation [47, 48]. Thirdlghis is an observational study, and some patients
lost their follow-up, or some clinical data weressing. However, this limitation is inevitable due t
the nature of real-world data. Notwithstanding ghémitations, we successfully established a real-
world database of severe asthma with the largebtangest scale and reported significant difference
in clinical outcomes between severe and nonsewv&tenatics. Additional translational research is
needed to validate these findings, thereby resgltlre unmet needs for new therapeutic targets of

severe asthma.

In conclusion, severe asthma can be regarded dstiact phenotype of asthma with persistent
eosinophilia and progressive lung function decémen on regular asthma medications. We suggest a

useful prediction model of severe asthma for reteand clinical purposes.
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FIGURE LEGENDS

Figure 1. Study populations.

HIEP, highly exacerbation-prone; EP, exacerbaticmne.

Figure 2. Longitudinal changes in inflammatory parametersrdua follow-up of up to 10 years as
estimated by the linear mixed effects model in se\@golid line with closed circle) and nonsevere
(dashed line with open circle) asthmatics. (A) blood eosinophil counts, (B) sputeosinophil (%),

and (C) blood neutrophil counts.

Error bars indicate 95% confidence interval.

Figure 3. Longitudinal changes in FEV1(%) during a follow-ofoup to 10 years as estimated by the
linear mixed effects model. (A) sevewelid line with closed circle) and nonsever@ashed line with
open circle) asthmatics, (B) the highly exacerbation-prdHeéEP, bold black line with closed triangle)

and exacerbation-pror{&P, grey line with open triangle) groups.

Error bars indicate 95% confidence interval. Tlopslof severe asthmatics (the sum of the
parameters corresponding to the time and time ®rtpls —0.365 (-0.072 to —0.293), and the
slope for nonsevere asthmatics (the parameterspmmneling to the time) is-0.072. The slope of the
HIEP group (the sum of the parameters corresportditige time and time x cohort) is0.402

0.320 to +0.082), and the slope for the EP group larameter corresponding to the time)-i8.320.

FEV1, forced expiratory volume in 1 second (%).

Figure 4. Annual number of severe asthma exacerbation glariiollow-up of up to 10 years. (A)
Severe asthmatiggrey bar with closed circle), (B) nonsevere asthmati@shite bar with white circle).
The highly exacerbation-prorigrey bar with closed triangle) and exacerbation-prorfehite bar with

open triangle) groups. Error bars indicate 95% confidence intelSAE, severe asthma exacerbation.

Figure 5. Frequency of asthma medications during a followstipp to 10 years. (A) severe
asthmatics, (B) nonsevere asthmatics, (C) the igkdicerbation-prone group, (D) the exacerbation-

prone group.
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Systemic steroidéoold line), high-dose ICSLABA (closed square), medium-dose ICS.ABA (open

circle), SABA (dotted line).
ICS, inhaled corticosteroids; LABA, long-actifigragonists; SABA, short-acting-agonists.

Figure 6. The prediction model of severe asthma. (A) Eightesmiables included in the prediction

model, (B) receiver operating curves of the tragn@olid line) and testdotted line) sets.

Der p, dermatophgoides pteronyssinus; der f, dermatophagoides farinae; AUC, area under the curve.



TABLES

Severe asthmatics _
Nonsevere asthmatics

Variable Total (n=567) Hi(lizlggg)up E(Ef:];r?g)p (n=1337) P value* P value'
Female, % 62.6 66.7 60.6 52.5 <0.001 0.187
Age, years 43.94 +£14.16 43.94 + 14.60 43.94 £ 13.95 36.29 +14.21 <0.001 0.991
Asthma onset age, years 36.44 +13.17 37.42 £14.23 35.85+12.51 32.07 £14.92 <0.001 0.405
Years of follow-up 10.32 £5.51 9.61 +5.65 10.67 £5.41 6.68 +4.72 <0.001 0.033
Late onset asthma®, % 40.4 45.2 374 31.5 0.055 0.311
Smoking history 241 95 146 327

Current or ex-smoker, % 108 (44.8) 47 (49.5) 61 (41.8) 188 (57.5) 0.004 0.298
Baseline BMI, kg/m2 24.30 + 4.05 23.91 +4.08 24.50 + 4.05 23.71 +3.55 0.023 0.075
Baseline FEV1, % 85.65 + 19.67 81.57 +24.74 86.95 +17.63 94.29 £ 18.62 <0.001 0.152
Baseline FEV1/FVC 80.97 +10.06 74.68 +12.70 82.45 +8.74 85.05+9.13 <0.001 <0.001
Baseline PC,y, mg/mL 8.30+£13.44 5.41+£9.42 9.84 +14.95 9.68 £16.51 0.163 0.004

Table 1. Baseline clinical characteristics of severe anmkseoere asthmatics and the highly exacerbationepaod exacerbation-prone groups

Data are presented as mean = SD or n (%).

HIEP, highly exacerbation-prone; EP, exacerbatiame; BMI, body mass index; FEV1, forced expirateojume in 1 second (%); FVC, forced vital
capacity (%); P&, provocative concentration of methacholine indgarfall of 20% decline in FEV1(%).

*Comparison between severe and nonsevere asthmatics

"Comparison between the HIEP and EP groups.



Table 2. Baseline laboratory profiles of severe and nonseasthmatics and the highly exacerbation-pronesaaderbation-prone groups

Severe asthmatics

Variable Total HIEP group EP group Nonse\(/r(]az;gs;r;matics Pvalue* P value'
(N=567) (n=189) (n=378)

Total IgE, kU/L 431.16 £ 696.93 383.42 +636.48 449.54 + 719.03 439.78 +673.28 0.047 0.429
Der p-specific IgE, kU/L 8.50 +£19.13 8.10 +£18.45 8.63 +19.38 17.99 + 25.95 <0.001 0.497
Der f-specific IgE, kU/L 10.27 £21.28 10.54 £ 22.41 10.18 + 20.92 23.20 +30.54 <0.001 0.381
Skin prick test

Positive to der p 92 (28.6) 22 (27.8) 70 (28.8) 477 (53.4) <0.001 0.984

Positive to der f 101 (31.3) 24 (28.9) 77 (32.1) 509 (58.0) <0.001 0.690
Blood eosinophil count, /uL 413.37 £565.00 429.45 £ 439.18 404.30 + 610.88 382.06 +387.44 0.901 0.710
Blood neutrophil count, /uL 4742.07 + 2562.62 5159.48 + 3272.21 4566.13 +2177.34 4200.14 +1995.03 <0.001 0.092
Blood basophil, % 0.61+£0.36 0.57 £0.36 0.62+£0.36 0.59+0.31 0.848 0.053
Platelet count, 10°/uL 266.07 £ 63.60 274.74 £ 65.56 262.30 £ 62.41 261.78 +63.01 0.151 0.059
Sputum eosinophils, % 43.74 + 35.20 46.68 + 38.11 42.83+34.33 38.09 £34.31 0.068 0.397
Sputum neutrophils,% 58.59 + 32.65 57.56 +34.70 58.94 + 32.00 60.55 +31.93 0.473 0.794

Data are presented as mean = SD or n (%).

HIEP, highly exacerbation-prone; EP, exacerbatiame;Der p, der matophagoides pteronyssinus; Der f, dermatophagoides farinae.
*Comparison between severe and nonsevere asthmatics

"Comparison between the HIEP and EP groups.



Table 3. Baseline comorbidities of severe and nonseveharadics and the highly exacerbation-prone and elaten-prone groups

Severe asthmatics _
Nonsevere asthmatics

Comorbidity Total HIEP group EP group (n=1337) P value* P value'
(n=567) (n=189) (n=378)

Atopy 420 (74.1) 139 (73.5) 281 (74.3) 1108 (82.9) <0.001 0.919
Allergic rhinitis/chronic rhinosinusitis 378 (66.7) 125 (66.1) 253 (66.9) 1038 (77.6) <0.001 0.850
Allergic conjunctivitis 94 (16.6) 27 (14.3) 67 (17.7) 342 (25.6) <0.001 0.299
Atopic dermatitis 67 (11.8) 17 (9.0) 50 (13.2) 277 (20.7) <0.001 0.141
Urticaria/angioedema 32 (5.6) 14 (7.4) 18 (4.8) 158 (11.8) <0.001 0.198
Hypertension 65 (11.5) 26 (13.8) 41 (10.8) 100 (7.5) 0.006 0.382
Diabetes mellitus 20 (3.5) 6 (3.2) 14 (3.7) 21 (1.6) 0.012 0.936
Osteoporosis 20 (3.5) 7 (3.7) 13 (3.4) 17 (1.3) 0.001 0.872
Depression 3(0.5) 1(0.5) 2 (0.5) 3(0.2) 0.157

Arthritis 12 (2.1) 3(1.6) 9(2.4) 16 (1.2) 0.122 0.536
GERD 34 (6.0) 11 (5.8) 23 (6.1) 43 (3.2) 0.005 0.901
Ischemic heart disease 8 (1.4) 2(1.1) 6 (1.6) 12 (0.9) 0.371 0.615

Data are presented as n (%).

HIEP, highly exacerbation-prone; EP, exacerbatiame; GERD, gastroesophageal reflux disease.
*Comparison between severe and nonsevere asthmatics

"Comparison between the HiEP and EP groups.
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