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|dentification of asthma clusters in two
independent Korean adult asthma cohorts
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ABSTRACT: Asthma is a heterogeneous airway disease with various clinical phenotypes. It is
crucial to clearly identify clinical phenotypes to achieve better asthma management.

We used cluster analysis to classify the clinical groups of 724 asthmatic patients from the
Cohort for Reality and Evolution of Adult Asthma in Korea (COREA), and in 1843 subjects from
another independent Korean asthma cohort of Soonchunhyang University Asthma Genome
Research Centre (SCH) (Bucheon, Republic of Korea). Hierarchical cluster analysis was

performed by Ward’s method, followed by k-means cluster analysis.

Cluster analysis of the COREA cohort indicated four asthma subtypes: 1) smoking asthma; 2)
severe obstructive asthma; 3) early-onset atopic asthma; and 4) late-onset mild asthma. An
independent cluster analysis of the SCH cohort also indicated four clusters that were similar to

the COREA clusters.

Our results indicate that adult Korean asthma patients can be classified into four distinct

clusters.
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sthma is a heterogeneous airway disease
A with various clinical phenotypes of differ-

ing severity [1]. Recent studies have
identified different asthma subtypes based on
clinical features and pathophysiological mechan-
isms [2-6]. Given the heterogeneous nature of
asthma, it is crucial to clearly define certain
subtypes of asthma with homogeneous clinical
characteristics in order to search for better
asthma management and to develop novel
therapeutic strategies. Clinically well-defined
asthma phenotypes will be a solid foundation
not only for elucidating the precise pathogenesis
of asthma but also for developing new drugs.

Despite the urgent need for an improved classi-
fication of asthma subtypes, methods needed to
classify subtypes of asthma have not yet been
clearly established. Cluster analysis is one
method that can be used to classify asthma
subtypes, although some limitations exist with
this method. Cluster analysis uses a set of
observations to create subsets, in which members
of the same subset are similar to one another in

some critical characteristics and different from
other subsets in the same critical characteristics.

Several previous studies have defined clinical
phenotypes of asthma by use of cluster analysis.
HALDAR et al. [7] identified three distinct clinical
phenotypes in asthmatics from primary care
clinics, four phenotypes of refractory asthma
patients and two phenotypes that were common
in both asthma populations. Subsequently, the US
National Heart, Lung and Blood Institute (spon-
sors of the Severe Asthma Research Program
(SARP)) characterised five distinct clinical pheno-
types of asthma based on cluster analysis of 726
asthma subjects [4]. Moreover, they suggested a
functional “tree analysis”” using three common
variables, such as baseline forced expiratory
volume in 1 s (FEV1), maximal FEV1 after albu-
terol and age at asthma onset [4]. Another
population-based study of 175 subjects with
obstructive airway patterns, including asthma
and chronic obstructive pulmonary disease, iden-
tified five distinct clinical phenotypes of airflow
obstruction by use of cluster analysis [8].
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Asthma is a multifactorial disorder with clinical features that
are affected by genetic and environmental factors. Thus, the
clinical phenotypes of asthmatic patients from Korea may
differ from those of other populations. To date, the clinical
characteristics of different subtypes of asthmatic patients in
Korea have not been reported. In the present study, we used
cluster analysis to identify the clinical groups of asthma in two
large independent cohorts of Korean adult asthma patients.
The aim of this study was to identify novel phenotypes of
Korean asthma patients that may finally lead to better
understanding of asthma heterogeneity and provide a worthy
foundation for further elucidation of the pathogenetic mechan-
isms of each phenotype of asthma.

METHODS

Study populations

The first cohort, patients from the Cohort for Reality and
Evolution of Adult Asthma in Korea (COREA), were recruited
by allergists or pulmonologists from 11 referral centres in
diverse areas of the Republic of Korea [1]. These patients had
dyspnoea, cough, sputum production or wheezing for
>3 months. All subjects had significant airway hyperrespon-
siveness (AHR), as indicated by provocative concentration
causing a 20% fall in FEV1 (PC20) <16 mg~mL'1 in a methacho-
line bronchial provocation test or positive bronchodilator
responsiveness (>12% improvement in FEV1 after administra-
tion of 180 pg of albuterol by a metered-dose inhaler). At
enrolment, the patients were in stable state with regular
medications. Subjects with destroyed lungs, bronchiectasis or
lung resection were excluded [1].

Another independent cohort of patients (Soonchunhyang
University Asthma Genome Research Centre (SCH),
Bucheon, Republic of Korea), were adult asthma patients
registered at the Korea Genome Research Centre for Allergy
and Respiratory Diseases (Bucheon, Republic of Korea).
Asthma diagnosis was based on the Global Initiative for
Asthma (GINA) guidelines, as described previously [9]. All
patients were ethnic Koreans aged >18 years and were
regularly followed and treated with appropriate medications
based on the 2002 GINA guidelines [9]. Like the COREA
cohort, the patients were in stable state with regular medica-
tions at enrolment.

The design and protocol for this cohort study were approved
by the institutional review board of each centre.

Assessments and measurements

Demographic parameters, body mass index (BMI), complete
blood cell count and total serum IgE levels were recorded.
Pulmonary function tests were used to determine FEV1, forced
vital capacity (FVC) and the FEV1/FVC ratio [10]. AHR was
measured using the methacholine bronchial provocation test
[11] and skin prick tests with 12 common allergens
(Allergopharma, Reinbek, Germany) were used to detect atopy
[12]. Smoking status and history of hospital visits due to
asthma exacerbation during the previous year were recorded.
All data were collected when patients were medically stable.

Statistical analysis

Uniform cluster analysis methodology with a two-step
approach was used to classify patients from COREA and the
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SCH cohort. In brief, hierarchical cluster analysis using Ward’s
method followed by k-means cluster analysis was performed.
In the first step, hierarchical cluster analysis using Ward'’s
method generated a dendrogram for estimation of the number
of likely clusters within each population. This estimate was
pre-specified in a k-means cluster analysis that was used as the
principal clustering technique [7]. Variables for cluster model-
ling were selected based on their contribution to characterisa-
tion of the asthma phenotype. All measurements were
standardised using z-scores for continuous variables and as 0
or 1 for categorical variables. Six variables, including FEV1,
BMI, age at onset, atopic status, smoking history and history of
hospital use due to exacerbation, were used to characterise the
asthma clusters for the COREA and SCH cohorts.

The initial dataset included 1369 subjects in the COREA cohort
and 2192 in the SCH cohort. Both cohorts did not completely
exclude smoking asthma patients if their asthma was soundly
confirmed when the asthma patients were enrolled. Thus, to
select pure asthma patients among the cohort, only the patients
who had completely normal chest radiography and whose
data included no missing values in essential variables such as
FEV1, BMI, age at onset, skin test, smoking history and history
of hospital use due to exacerbation were selected for cluster
analysis. The final analysis was performed with 724 subjects
from the COREA cohort and 1843 subjects from the SCH cohort
(fig. 1 and table 1). We compared the main clinical character-
istics of excluded subjects with included subjects (online
supplementary tables S1 and S2). Our data showed that there
were no differences among most variables between two
groups, except one or two variables. In the COREA cohort
there was a difference in age at onset and minimal difference in
smoking history. In the SCH cohort, only smoking history
showed difference.

Asthma patients:
COREA n=1369

SCH n=2192
y Patients with complete data of
COREAN=724 FEV1, BMI, onset age, skin test,
SCH n=1843 smoking history and history of

hospital use due to exacerbation

A4
Estimation of the number
of likely clusters

Using dendrogram from
hierarchial cluster analysis
(Ward’s method)

v

Characterisation of four clusters | By k-means cluster analysis

v

Comparison analysis among
four phenotypes

By one-way ANOVA
and Chi-squared test

FIGURE 1. Summary of statistical methods. COREA: Cohort for Reality and
Evolution of Adult Asthma in Korea; SCH: Soonchunhyang University Asthma Genome
Research Centre; FEV1: forced expiratory volume in 1 s; BMI: body mass index.
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ay-\:{BS5 B Comparison of the two cohorts of adult Korean
adult asthma patients

COREA SCH cohort
Hospitals n 10 3
Subjects n 724 1843
Purpose Prospective cohort Genome research
Age years >18 >18
Ethnicity Korean Korean
Province Seoul Gyeonggi-do
Starting year 2005 2000

COREA: Cohort for Reality and Evolution of Adult Asthma in Korea; SCH:
Soonchunhyang University Asthma Genome Research Centre.

A between-cluster comparison was performed using ANOVA
or a Chi-squared test using the SPSS statistical package
(version 12.0; SPSS Inc., Chicago, IL, USA). A p-value <0.05
was considered statistically significant.

RESULTS

Cluster analysis of the COREA cohort

We used Ward’s method to obtain dendrograms that estimate
the number of likely clusters, and then used x-means analysis
to determine that a four-cluster model best fit the COREA
cohort (fig. 2 and table 2).

Cluster A (81 subjects) was the smallest group and mainly
consisted of male patients (97%) with a mean onset age of
46 years. Approximately 34% had positive skin prick tests and
22% had a history of healthcare usage due to asthma
exacerbation. They had relatively well-preserved FEV1 of
82.474+16.45% predicted. This cluster had the greatest number
of smoking pack-years, 34.4 +14.1 pack-years, thus we named
it the “’smoking asthma” group.

Severe obstructive

asthma e

Smoking asthma

J

Smoking (P-Y)

Severity
(Poor lung function)

Late-onset mild
Early-onset » asthma

atopic asthma

FIGURE 2. Four clusters in the Cohort for Reality and Evolution of Adult
Asthma in Korea (COREA). They indicated four asthma subtypes: smoking asthma
(A), severe obstructive asthma (B), early-onset atopic asthma (C) and late-onset
mild asthma (D). Sphere size represents the size of the population distributed to
each cluster.
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Cluster B (151 subjects) was the second-smallest cluster and
about half of the subjects had atopy. The mean age at onset was
39 years and 46% of the subjects used healthcare services
because of asthma exacerbations. The mean FEV1 was the
lowest of all clusters, 56.5+13.7% pred, and the increase in
FEV1 after bronchodilator use was the greatest of all clusters, at
12.0+12.1% pred. Based on the methacholine provocation test,
the PC20 was the lowest of all clusters (3.1 +5.4 mmol-L™). This
group had a lower rate of smoking than cluster A
(8.24 6.5 pack-years). We named this cluster the “’severe and
obstructive asthma’ group.

Cluster C (253 subjects) was the largest cluster. This group had
the youngest mean age at onset, 21 years, and about two-thirds
of the patients had atopy. The FEV1 was 88.6 +11.2% pred and
the rate of smoking was 2.0+3.7 pack-years, the lowest of
all clusters. We named this cluster the “early-onset atopic
asthma” group.

Cluster D (239 subjects) had the highest FEV1 of all clusters,
97.9+11.5% pred and the mean age at onset was 48 years, the
oldest of all the clusters. Other clinical characteristics, such as
the prevalence of rhinitis and eosinophil counts in blood
samples, were not significantly different from the other
clusters. We named this cluster the ““late-onset mild asthma””

group.

Because FEV1 is a highly variable factor, we analysed
longitudinally the variability of FEV1 % pred over 12 months
after the time of the first cluster analysis using the linear
mixed-effect model. The consistent differences between the
four clusters throughout the 12-month follow-up period was
statistically significant (p<<0.001), showing the stability of the
four groups created by the cluster analysis despite of asthma
treatment (fig. 3).

Cluster analysis of the SCH cohort

We used the same methodology to classify the SCH cohort to
determine whether the results of the COREA cohort could be
replicated. This analysis also led to the identification of four

clusters, each with characteristics similar to those of the
COREA cohort (table 3).

Cluster A’ was the smallest group (217 subjects), was
predominantly male (88%), had the greatest mean age at
onset (52 years) and the highest rate of cigarette smoking
(37.2+16.0 pack-years). The mean FEV1 was slightly lower
than the COREA Cluster A, but was also well-preserved, as in
the COREA Cluster A.

Cluster B’ consisted of 479 subjects, most of whom had atopy.
The mean age at onset was 42 years and the FEV1 was the
lowest of all clusters (54.3 +13.3% pred), similar to Cluster B in
the COREA cohort. This cluster also had a low rate of cigarette
smoking (4.52+7.23 pack-years).

Cluster C’ consisted of 585 subjects, and was the largest cluster.
Consistent with our analysis of the COREA cohort, the mean
age at onset was 21 years, the lowest of all clusters, and the rate
of atopy was the highest of all clusters (74.2%). The mean FEV1
value was relatively well preserved (88.56+12.71% pred) and
the smoking rate was also the lowest of all clusters
(2.7+6.0 pack-years).
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1y:\:{B 508 Characteristics of the four clusters of the Cohort for Reality and Evolution of Adult Asthma in Korea (COREA) patients

Cluster A Cluster B Cluster C Cluster D p-value
Subjects n 81 151 253 239
Male 97.4 41.3 47.2 25.8 <0.001
Age at onset years 46.2+12.6 38.8+15.1 21.8+9.4 47.84+9.7 <0.001
Body mass index kg-m? 24.71+2.43 23.50+3.09 23.09+3.45 24.35+3.07 <0.001
Smoking pack-years 34.4+141 3.2+6.5 2.0+3.7 2.0+£5.3 <0.001
Atopy 34.6 49.7 66.0 53.6 <0.001
History of healthcare usage 22.2 46.4 36.8 23.4 <0.001
Rhinitis 58.3 65.3 73.4 65.0 0.056
Post-BD FEV1 % pred 82.47+16.45 56.48+13.7 88.62+11.24 97.94+11.5 <0.001
Post-BD increase in FEV1 % pred 5.90+7.75 12.00+12.07 6.24+7.52 4.34+6.56 <0.001
Post-BD FEV1/FVC % pred 71.44+11.76 67.84+12.40 84.76 +8.69 80.25+7.40 <0.001
PC20 mg-mL"™’ 4.95+6.14 3.11+5.35 5.49+6.04 5.64+6.47 0.03
Blood eosinophils % 4.80+4.33 5.6045.48 5.50+6.43 5.024+4.70 0.612
Blood eosinophil count cells-mm™ 388.4+376.6 409.6 +454.2 377.9+354.3 331.0+301.1 0.247
Log blood eosinophil count 2.42+0.44 2.40+0.47 2.41+0.41 2.34+0.42 0.445
Blood neutrophil count cells:mm™ 4397 + 1971 4672+ 3168 4107 +£1775 3631 + 1606 <0.001
Serum CRP mg-dL™ 0.78+2.43 0.6140.90 0.21+0.35 0.37+0.96 0.02
Serum uric acid levels mg-dL™ 5.85+1.35 513+1.51 510+1.39 4.85+1.60 <0.001
Serum total IgE log IU-L™" 2.41+0.62 2.2640.59 2.35+0.60 2.14+0.61 0.008

Data are presented as % or mean+sD, unless otherwise stated. Comparison between study groups is based on one-way ANOVA for continuous variables and a Chi-
squared test for proportions. BD: bronchodilator; FEV1: forced expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity; PC20: provocative concentration

causing a 20% fall in FEV1; CRP: C-reactive protein.

Cluster D' comprised 562 subjects. This group had the greatest
FEV1 (97.70+13.92% pred) and the mean age at onset was
50 years. This cluster closely resembled Cluster D from the
COREA cohort (table 3).

100?}777777 D
95+
—————— fe)
0VH_------0-~-~"7"777 o-----" o
- 851
S )/_/Q—,—<>—/40’/‘o
% 80+
9 .-0O
Q754
R o
u>: 704 O
[ i
. e —— Cluster A
6o Cluster B
- - - Cluster C
* — = Cluster D
50 : . . |
’ ’ 6 9 12

Follow-up months

FIGURE 3. Longitudinal assessment of forced expiratory volume in 1 s (FEV1)
over 12 months according to each cluster in the Cohort for Reality and Evolution of
Adult Asthma in Korea (COREA). Cluster A: smoking asthma; cluster B: severe
obstructive asthma; cluster C: early-onset atopic asthma; cluster D: late-onset mild
asthma. The consistent differences between the four clusters throughout the 12-
month follow-up period was statistically significant (p<<0.001) when the linear
mixed-effect model was used.
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DISCUSSION

In the current study, we used cluster analysis to identify four
distinct clinical groups of asthma in two independent cohorts of
Korean adult asthma patients. We assigned the following names
to these four clusters based on their distinguishing character-
istics: smoking asthma, severe obstructive asthma, early-onset
atopic asthma and late-onset mild asthma. Although we have
not determined the clinical implications of our classification, it
seems likely that each cluster has a different underlying
pathophysiology and clinical course, and that different ther-
apeutic approaches should be used for the different clusters.

Many previous studies have also classified asthma subtypes.
However, many of these studies used methods that are
susceptible to bias due to historical factors or preconceived
ideas for classification of asthma [2, 13-15]. The clinical
features of asthma are heterogeneous, so there is a need for a
reliable classification system that incorporates multiple clinical
features and provides accurate and easily identified subtypes.
Recently, researchers from the UK [7] and USA [4] conducted
cluster analyses of asthma patients, an objective method with
no preconceived hypothesis. In the UK study, HALDAR et al. [7]
classified asthma phenotypes from primary care clinics as:
early onset, atopic asthma, obese, noneosinophilic asthma and
benign asthma. They also classified refractory asthma patients
as early symptom-predominant asthma and inflammation-
predominant asthma [7]. An analysis of the SARP cohort in the
USA [4] identified five distinct asthma clusters, ranging from
mild to severe asthma: mild atopic asthma, mild-to-moderate
atopic asthma, late-onset nonatopic asthma, severe atopic
asthma and severe asthma with fixed airflow.
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ay:\:{B <8 Characteristics of the four clusters of the Soonchunhyang University Asthma Genome Research Centre (SCH) patients

Cluster A’ Cluster B’ Cluster C’ Cluster D’ p-value
Subjects n 217 479 585 562
Male 88.0 41.8 45.6 27.4 <0.001
Age at onset years 1l ae 112 40.0+15.6 21.0+£99 49.4+10.6 <0.001
Time between symptom onset and start of treatment years 6.19+8.28 8.62+11.11 10.54 +13.02 4.00+4.57 <0.001
Body mass index kg~m'2 24.88+3.19 24.05+3.52 23.27+3.71 25.11+£3.17 <0.001
Smoking pack-years 37.2+16.0 45+72 2.7+6.0 32+7.2 <0.001
Atopy 57.6 55.5 74.2 47.9 <0.001
Post-BD FEV1 % pred 66.75+17.18 54.25+13.34 88.56+12.71 97.70+13.92 <0.001
Post-BD FEV1/FVC % pred 64.81+11.51 61.97+13.33 80.05+10.07 77.83+8.10 <0.001
PC20 mg-mL"™’ 4.53+6.83 5.06+8.23 5.42+47.87 7.21+8.71 <0.001
Blood eosinophils % 5.41+4.58 5.87+5.50 4.91+4.41 5.30+5.36 0.024
Blood eosinophil count cells-mm™ 411.4+367.4 459.3 +465.6 355.2+387.0 369.9 +545.6 0.002
Log blood eosinophil count 2.47+0.433 2.49+0.48 2.39+0.41 2.39+0.42 <0.001
Serum total IgE log IU-L™ 2.45+0.63 2.16+0.69 2.18+0.67 2.03+0.62 <0.001

Data are presented as % or mean +sp, unless otherwise stated. Comparison between study groups is based on one-way ANOVA for continuous variables and a Chi-
squared test for proportions. BD: bronchodilator; FEV1: forced expiratory volume in 1 s; % pred: % predicted; FVC: forced vital capacity; PC20: provocative concentration

causing a 20% fall in FEV1.

Asthma is a multifactorial disease in which genetic factors,
environmental factors and social background affect the clinical
features [13, 16]. To the best of our knowledge, the present
study is the first to classify Asian asthma patients by cluster
analysis. In contrast to the studies from the UK [7] and USA
[4], we identified four distinct phenotypes of asthma among
Korean asthma patients. Cluster B/B’ in our study was more
likely to include patients with severe asthma, in terms of
airway obstruction in particular. The cluster analysis per-
formed in SARP [4] also indicated a cluster with severe
obstruction and very poor lung function, similar to our cluster
B/B’. These results suggest that our cluster B/B’ may be
closely associated with severe refractory asthma, a disease
subtype that has attracted significant research into new
therapies. The clinical implications of cluster B/B’, however,
are not yet clear and future long-term studies are needed to
better characterise this cluster.

Our cluster C/C’ appears to be very similar to the ““early onset,
atopic asthma” group in the UK study and “cluster 1 and 2” in
the USA study, in terms of clinical features (early age at onset,
high prevalence of atopy and well-preserved FEV1). Our
cluster D/D’ also resembles the ““benign asthma’ group in the
UK study (relatively late age at onset, similar rates of atopy
and the greatest FEV1 values). These results indicate that the
subtypes of asthma appear to be similar for subjects from the
USA, UK and Korea.

The present study included asthma patients with a history of
cigarette smoking, regardless of the number of pack-years and
current smoking status. In contrast, the UK study only enrolled
current nonsmokers or ex-smokers who had a history of
<10 pack-years [7]. In addition, many previous studies of
asthma have only analysed nonsmokers to exclude the effect
of smoking and smoking-related airway diseases. Cigarette
smoking, however, is considered an important environmental
risk factor for the development of asthma, and is known to
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negatively influence the clinical course of asthma. In particular,
smoking is associated with severe asthma, aggravation of
asthma symptoms, accelerated decline of lung function [17]
and limited responses to corticosteroids [18, 19]. Furthermore, a
previous study indicated that more than half of the asthma
patients in Korea were current or ex-smokers [1]. Thus,
excluding asthmatic patients with a history of substantial
smoking would lead to an unrepresentative sample.
Interestingly, we identified a cluster that we called ““smoking
asthma’ (cluster A/A’). We suggest further analysis of other
ethnic groups to evaluate the clinical significance of this cluster.

One remarkable observation of our study is that BMI was close
to normal in Korean refractory asthmatics, in contrast to
European and US asthmatics [16, 20, 21]. In addition, the
proportion of atopy is lower in Korean asthmatics (<50%) than
in European and US patients. These results are consistent with
our previous study of an adult asthma cohort in Korea, which
showed that BMI was not associated with asthma severity, and
that there was no relationship between atopy status and
asthma severity [1].

The present study has several limitations. First, cluster analysis
may not be a perfectly appropriate method for the objective
classification of a heterogeneous disease such as asthma. We
think that the clusters identified in this study cannot be
immediately applied to clinical practice and further studies
are definitely needed to elucidate precise characterisation of
each cluster scientifically. Nevertheless, trying hard to identify
well-defined phenotypes of asthma is quite worthy, since
proper classification of asthma is a crucial and fundamental
pre-requisite for not only better management of asthma patients,
but also elucidating the precise pathogenic mechanisms under-
lying the development of each phenotype of asthma, which is
largely unclear so far. For example, the potential value of this
cluster analysis would be found in the observation of the
limitation of the current classification of asthma in genome-wide
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association studies (GWAS), because imprecise phenotyping is
considered to be one of the reasons that GWAS have only
revealed small genetic effects of genetic variants. In our study,
patients were divided into several clusters based on overall
similarity of multiple variables selected by researchers. We
selected FEV1, BMI, age at onset, atopic status, smoking history
and healthcare use due to exacerbation of asthma for our
analysis. All of these can be considered important influences on
asthma. These variables were chosen because they were
measurable in clinical practice, contribute to clinical evaluation
and are important in defining disease subtypes. However, these
variables differ among studies. For example, HALDAR et al. [7]
included variables such as atopy, airway inflammation, peak
expiratory flow variability, Juniper Asthma Control Score, sex,
age at onset and BMI in their cluster analysis, and 34 variables
were included in the SARP cluster analysis of asthma [4].
However, the appropriateness of the variables that we used
needs to be verified.

A second limitation of this study is that we did not use patterns
of airway inflammatory cells as a key variable for cluster
analysis. However, precise data on airway inflammatory cells
via induced sputum analysis is not always obtainable in clinical
practice, and the results are not always definitive. In fact,
sputum samples of quality acceptable for analysis could only
be obtained from some of our subjects. Moreover, many of our
patients were treated with an inhaled corticosteroid, and this
can affect the results of induced sputum analysis. Thus, an
attempt to identify phenotypes of asthma without sputum
analysis might be rather more clinically feasible. We suggest
that further studies examine airway inflammatory patterns as
a critical variable to confirm the clinical implications of
our study.

Finally, we did not consider quality of life as a variable, in
contrast to the study by HALDAR et al. [7]. Although we expect
that exclusion of this variable would not seriously affect our
results, further studies should consider this issue.

In conclusion, the results of this study demonstrate that cluster
analysis can be used to identify discrete groups of Korean
asthma patients. This cluster analysis has a potential to stratify
the heterogeneous groups of asthma into more homogenous
ones and significantly advance our understanding of asthma
phenotypes. A long-term longitudinal study of each cluster
would be able to determine whether the different clusters have
different underlying pathophysiology, responses to treatment
and prognosis.
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