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ackground: Asthma is a heterogeneous airway disease, so it is crucial to clearly identify clinical phenotypes
achieve better asthma management.

bjective: To identify and prospectively validate asthma clusters in a Chinese population.
ethods: Two hundred eighty-four patients were consecutively recruited and 18 sociodemographic and

clinical variables were collected. Hierarchical cluster analysis was performed by the Ward method followed
by k-means cluster analysis. Then, a prospective 12-month cohort study was used to validate the identified
clusters.
Results: Five clusters were successfully identified. Clusters 1 (n ¼ 71) and 3 (n ¼ 81) were mild asthma
phenotypes with slight airway obstruction and low exacerbation risk, but with a sex differential. Cluster 2
(n ¼ 65) described an “allergic” phenotype, cluster 4 (n ¼ 33) featured a “fixed airflow limitation” phenotype
with smoking, and cluster 5 (n ¼ 34) was a “low socioeconomic status” phenotype. Patients in clusters 2, 4,
and 5 had distinctly lower socioeconomic status and more psychological symptoms. Cluster 2 had a
significantly increased risk of exacerbations (risk ratio [RR] 1.13, 95% confidence interval [CI] 1.03e1.25),
unplanned visits for asthma (RR 1.98, 95% CI 1.07e3.66), and emergency visits for asthma (RR 7.17, 95% CI
1.26e40.80). Cluster 4 had an increased risk of unplanned visits (RR 2.22, 95% CI 1.02e4.81), and cluster 5
had increased emergency visits (RR 12.72, 95% CI 1.95e69.78). Kaplan-Meier analysis confirmed that cluster
grouping was predictive of time to the first asthma exacerbation, unplanned visit, emergency visit, and
hospital admission (P < .0001 for all comparisons).
Conclusion: We identified 3 clinical clusters as “allergic asthma,” “fixed airflow limitation,” and “low
socioeconomic status” phenotypes that are at high risk of severe asthma exacerbations and that have
management implications for clinical practice in developing countries.
� 2017 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

Asthma is a common, chronic respiratory disease affecting 1% to
18% of the population in different countries.1 Uncontrolled and
severe asthma results in not only poor health outcomes but also
increased economic burden.2 Effective clinical care is complicated
by heterogeneity in clinical manifestations, physiologic responses,
and pathologic and molecular abnormalities that are associated
with uncontrolled and severe asthma. The identification of asthma
phenotypes might improve our understanding of the disease
pathogenesis and could facilitate the use of targeted therapies.

Recently, the use of statistical approaches has been of great
benefit to identify phenotypes using an unbiased approach. One
sevier Inc. All rights reserved.
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approach is cluster analysis, which categorizes data objects based
on their features and their relationships.3 This method explores
how objects within one group are similar or related to one another.
These groupings or clusters are described as a “phenotype” when
clinical relevance is demonstrated. Several recently published
studies have described an asthma phenotype with early onset of
diseases and atopy and a phenotype showing more severe disease
with late onset and persistent symptoms regardless of therapy.
Most of these cluster analyses are cross-sectional analyses of a
group of patients as they look today without an analysis of how
they will look in the future. Furthermore, most participants are
derived from clinical trials rather than a real-world population, and
studies based on cluster analysis involving the Chinese population
have not been published to date.

A phenotype is defined as the “observable properties of an or-
ganism that are produced by the interactions of the genotype and
the environment.”4 Thus, the phenotype of an individual with
asthma is identified by clinical presentation rather than a single
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Follow-up visit for 12 months 
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Figure 1. Flowchart of study recruitment and the number of individuals at baseline in stu
validation.
blood test result. Currently, the goal of asthma treatment is to
achieve optimal asthma control including symptom control and
future risk of asthma exacerbations.1 In this study, we hypothesized
there would be several clusters based on clinical expression in a
real-world Chinese population with asthma. We used a 2-step
cluster analysis to identify clusters and then a longitudinal cohort
study to assess whether the clusters determined at baseline would
predict asthma exacerbations and to determine which clusters
were likelier than others to experience more asthma exacerbations
during 1 year of follow-up.

Methods

Design Overview

This study was a post hoc analysis of our previously published
cohort study5 (ChiCTR-CH-10000819), which consisted of 2 parts
(Fig 1). Study 1 was a cross-sectional survey to consecutively collect
the demographic and clinical features of patients with asthma to
Illegal subjects (n=216)
• Other diseases rather than asthma (n=73)
• ≤15 years old (n=31) 
• Unstable period in asthma (n=112)

Subjects excluded (n=68)
• Pregnancy or breast-feeding  (n=17)
• Alcohol or drugs abuse (n=2)
• Cognitive impairment (n=3)
• Malignancy (n=4)
• Inability to fully understand or attend 
study visits (n=17)
• Other severe comorbid diseases (n=21)
• Refusal (n=4)

Follow-up visit monthly or initiative 
report
• Lost to follow-up (n=6)

dy 1 for cluster analysis and in the observational longitudinal research in study 2 for



L. Wang et al. / Ann Allergy Asthma Immunol xxx (2017) 1e9 3
identify asthma clusters using a 2-step cluster analysis. Study 2 was
a prospective noninterventional cohort study with a 12-month
follow-up period that was designed to validate these clusters in
relation to future risk of asthma exacerbations in a real-world
setting of patients with asthma from the previous cross-sectional
survey. Treatments received by patients during the study were
determined by their treating physicians’ standard practices and
discretion. The institutional review board at West China Hospital,
Sichuan University (Chengdu, China) reviewed and approved this
study (ChiECRCT-2010004).

Subjects

Subjects with suspected asthma and at least 15 years old were
consecutively recruited at the asthma clinic of the West China
Hospital from September 2007 to October 2009. Asthma was
diagnosed according to American Thoracic Society (ATS) and Global
Initiative for Asthma (GINA) guidelines based on current (within
the previous 12 months) episodic symptoms, physician’s diagnosis,
and confirmed evidence of airway hyperresponsiveness or at least
12% improvement in forced expiratory volume in 1 second (FEV1)
after bronchodilator. To be eligible, all patients were required to be
clinically stable (no lower respiratory tract infection, recent asthma
exacerbation, or change in maintenance therapy in the previous 4
weeks).6 Subjects were excluded if they were pregnant or breast-
feeding, had cognitive impairment, had current solid organ ma-
lignancy, or could not fully understand the questionnaires and/or
attend study visits. All participants gavewritten informed consents.

Data Collection and Assessments

Data at baseline were collected during a period of stable
asthma and included demographics, medications, asthma history,
the Asthma Control Test (ACT)7e9 questionnaire, and the Asthma
Quality of Life Questionnaire (AQLQ),10,11 which were translated
into and validated in Chinese. Anxiety and depression symptoms
were assessed using the 14-item Hospital Anxiety and Depression
Scale,12 which reflects how subjects have felt during the past week
and has been validated as screening tool for anxiety and depres-
sive disorders in hospitalized and primary care patients with
chronic diseases including asthma. The scores were totaled to
produce an anxiety score and a depression score (range 0e21),
and a score of at least 8 was used as a cutoff point for identifying
anxiety and depression symptoms, with 100% sensitivity and 80%
specificity for anxiety and 100% sensitivity and 90% specificity for
depression.13 Spirometry (SensorMedics 6200, Yorba Linda, Cali-
fornia) was performed according to ATS and European Respiratory
Society (ERS) standards.14 Predicted FEV1 and force vital capacity
(FVC) were calculated using data from the Chinese population.15

Atopy was assessed by skin prick testing with allergen extracts
for house dust mites (Dermatophagoides pteronyssinus, Dermato-
phagoides farinae), mold (Alternaria tenuis, Aspergillus species), dog
hair, cat hair, pollen (ragweed, birch, London plane), and cock-
roach, in addition to positive (histamine) and negative (saline)
controls.16

To assess the prognostic value (asthma exacerbations) of these
asthma phenotypes based on cluster analysis for predicting asthma
exacerbation risk, all included participants entered a cohort study
with follow-up visits at the outpatient or asthma clinic or by phone
once a month during the following 12 months. During the
following 12-month period, based on the ATS and ERS statement of
asthma control and exacerbations,17 asthma exacerbation was
identified as the primary outcome, and the secondary outcomes
included unplanned visits, emergency visits, hospital admissions,
and intensive care unit (ICU) admissions. All research assistants in
this study were trained to administer the questionnaires in the
same manner.
Cluster and Statistical Analyses

This study collected 18 distinct variables, which are readily
assessed in clinical practice. The variables were sex, age, body mass
index (BMI), atopy, history of smoking, socioeconomic status (SES;
including educational level, health insurance, monthly income
status, and employment status), asthma duration, age at asthma
onset, asthma severity, FEV1 (liters), FEV1/FVC ratio, FEV1 percent-
age predicted (FEV1%predicted), ACT score, AQLQ score, and psy-
chological symptoms. Variables that were clinically redundant
were reduced using multicollinearity analysis18,19 and reflected
certain physiologic parameters of asthma. Subsequently, variables
for cluster modeling were selected based on their contribution to
characterizations of the asthma phenotype. As a result, 5 contin-
uous variables (age, BMI, ACT, age at asthma onset, and FEV1%
predicted) and 5 categorical variables (sex, psychological symp-
toms, monthly income status as SES, smoking, and atopy) were
selected for cluster analysis.

Continuous and categorical variables were included in the
analysis using a 2-step cluster analysis. In the first step, hierarchical
cluster analysis using the Ward method generated a cluster feature
tree. We used the log-likelihood method to measure the distance
between clusters for an estimation of the number of likely clusters
among the studied subjects. This estimate was prespecified in a k-
means cluster analysis that was used as the principal clustering
technique. Selected variables to construct the cluster model were
standardized using z scores for continuous variables and 0 or 1 for
categorical variables. Then, the statistical system classified the leaf
node of the dendrogram using the agglomerative method and then
identified each cluster by the Bayesian information criterion. We
also used the noise handling method to avoid missing data caused
by a branch of the cluster feature tree that was too large, if present,
in step 1.18,20,21 In recognition that clustering is dependent on user-
defined inputs, we used an iterative approach over a range of
clusters (3 clusters up to a maximum of 6 clusters) to define the
optimal number of clusters to characterize the data.

All continuous variables were expressed as mean � SD, and
differences among clusters were analyzed with analysis of variance
or with nonparametric statistics if continuous variables were not
normally distributed. Categorical data were compared using the c2

test or Fisher test. The estimation of future risk across clusters used
survival curves, and results are presented as the time to first asthma
end-point events. In addition, we used logistic regressionmodels to
evaluate the prospective impact of these asthma phenotypes based
on cluster analysis on future risk of asthma exacerbations during
longitudinal follow-up, followed by calculation of the adjusted
relative risk (RR) with 95% confidence intervals (CIs). Cluster and
statistical analysis was performed with SPSS 21.0 for IBM Profes-
sional (SPSS, Inc, Chicago, Illinois) and STATA 13.0 (Stata Corp LP,
College Station, Texas). A 2-sided P value less than .05 was
considered statistically significant.
Results

Subject Characteristics

The initial dataset included 574 patients who were diagnosed
with asthma and suspected asthma at an asthma clinic. After
screening using the inclusion and exclusion criteria, 290 eligible
subjects were included in the cross-sectional study. After they
completed the questionnaire survey and clinical assessment, they
entered the 12-month follow-up, and 284 subjects completed the
12-month cohort study (Fig 1). The demographics and clinical
characteristics of included subjects are listed in Table 1. Sixty-two
percent of participants were women, had a mean age of 39.1
years (SD 12.1), and a BMI of 22.2 kg/m2 (SD 3.7), and 25% were
current or ex-smokers. Most (55.6%) had atopy, with asthma



Table 1
Sociodemographic and Clinical Characteristics of Subjects With Stable Asthma

Variables Total cohort (N ¼ 284)

Age (y), mean � SD 39.1 � 12.1
Women/men 176/108
Atopy, n (%) 156 (55.6)
BMI (kg/m2), mean � SD 22.2 � 3.7
Smoking, n (%) 71 (25.0)
Age of asthma onset (y), mean � SD 32.9 � 13.8
Asthma duration (y), mean � SD 6.2 � 9.2
Spirometry, mean � SD
FEV1 (L) 2.60 � 0.84
FEV1 (% predicted) 85.48 � 21.74
FEV1/FVC (%) 79.79 � 15.64

ACT score, mean � SD 17.6 � 3.1
AQLQ score, mean � SD 3.7 � 1.2

Abbreviations: ACT, Asthma Control Test; AQLQ, Asthma Quality of Life Question-
naire; BMI, body mass index; FEV1, forced expiratory volume in 1 second; FVC,
forced vital capacity.

Figure 2. Relative importance of 10 selected variable predictors in (A) clustering and
(B) heat map of phenotypic characteristics in 5 clusters that showed statistical dif-
ferences in normalized variables. Low (green) to high (red) expression of presented
variables. Abbreviations: ACT, Asthma Control Test; BMI, body mass index; FEV1,
forced expiratory volume in 1 second.
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duration of 6.2 years (SD 9.1), and mild impairment of lung func-
tion, with 85.5% (SD 21.7%) of FEV1%predicted. Most patients had
poorly controlled asthma with ACT scores of 17.6 (SD 3.1) and poor
AQLQ scores of 3.7 (SD 1.2), and 70.3% of subjects had psychological
states presenting as anxiety and/or depression symptoms. Twenty-
eight of these subjects (9.9%) met the GINA criteria for severe
asthma.1

Cluster Profile

A total of 284 consecutive patients with stable asthma entered
the 2-step cluster approach outlined in the Methods section. The
study showed 5 distinct phenotypic clusters. The silhouette coef-
ficient of clustering quality was 0.2 (range �1 to 1, with the higher
score indicating better clustering quality), indicating a satisfactory
and better performance than using 3, 4, or 6 clusters. The relative
importance of variable predictors in clustering indicated psycho-
logical symptoms, sex, smoking, atopy, age, ACT score, monthly
income status, FEV1%predicted, and age at asthma onset were
crucial, but obesity was not crucial (Fig 2A). As a result, these 5
clusters and their phenotypic characteristics differed significantly
by age, sex, atopy, smoking, onset at asthma onset, FEV1%predicted,
ACT score, monthly income status, psychological symptoms, occu-
pation, and education status but by not by BMI and health insur-
ance (Tables 2 and 3, Fig 2B). Clusters 1 and 3 had a sex differential
but had less airway obstruction, which would be “mild asthma
phenotypes.” Cluster 2 had a high prevalence of atopy, signifying an
“allergic” phenotype. Cluster 4 featured a “fixed airflow limitation”
phenotype with smoking, and cluster 5 was a “low SES” phenotype.
It was evident that patients in clusters 2, 4, and 5 had a distinctly
low SES and more psychological symptoms than clusters 1 and 3.

Cluster 1
Twenty-five percent of subjects (n ¼ 71) were grouped into

cluster 1, which was composed entirely of men (100%) and more
than half of which were current or ex-smokers (50.7%), had anxiety
or depression symptoms (42.3%), and most had a higher SES in
monthly income status and employment status. Patients in the
cluster 1 had well-controlled asthma with the highest ACT score
and the best lung function. This group was composed of the
youngest subjects and their age at asthma onset was generally
young.

Cluster 2
Cluster 2 consisted of 65 subjects, most of whom were

women. All had atopy, were nonsmokers, had anxiety and
depression symptoms, and a larger proportion (18.5%) had severe
asthma. In addition, low-income earners accounted for a larger
proportion (72.3%).

Cluster 3
Cluster 3 was the largest group (n ¼ 81, 28% of subjects). It

consisted of slightly younger patients, all of whom were women,
most were nonsmokers, and most had slight airway obstruction.
Nearly 50% had an atopic history and psychological symptoms.

Cluster 4
Cluster 4 was the smallest group (n ¼ 33, 12% of subjects). In

contrast to cluster 2, all subjects in this group were smokers and
men were predominant (75.8%). In this cluster, almost all subjects
(97%) had anxiety and depression and they had the worst ACT
scores and evident airway obstruction in FEV1%predicted and FEV1/
FVC%.

Cluster 5
Thirty-four subjects were grouped into cluster 5. This group was

composed of women without atopy who were nonsmokers. Low
monthly income status accounted for a larger proportion (73.5%) in
this cluster. All had anxiety and depression symptoms, the worst
ACT scores, and slight airflow obstruction.

Prognostic Value of Identified Asthma Phenotypes Based on Cluster
Analysis

During the 12-month follow-up period, the number of asthma
exacerbations as the primary outcome and the secondary outcomes
such as unplanned visits, emergency visits, and hospital admissions
differed statistically among the 5 phenotypes based on cluster
analysis (Table 4). Rank conversion of all data in asthma outcomes
was conducted because of non-normal distribution, and then 1-
way analysis of variance was used. It further indicated that the



Table 2
Sociodemographic Characteristics of 5 Phenotypes Based on Cluster Analysis

Variables Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P value

Patients, n (%) 71 (25.0) 65 (22.9) 81 (28.5) 33 (11.6) 34 (12.0)
Age (y), mean � SD 34.5 � 10.5 42.4 � 11.7a 36.5 � 11.9b 47.1 � 11.3 40.7 � 11.9a,b <.0001
Women/men 0/71 53/12 81/0 8/25 34/0 <.0001
Atopy, % 43.7 100.0 48.1 69.7 0.0 <.0001
Body mass index (kg/m2), mean � SD 22.5 � 4.2 22.3 � 4.1 22.0 � 3.4 23.1 � 2.4 21.3 � 3.3 .346
Smoking, % 50.7 0.0 2.4 100.0 0.0 <.0001
Monthly income status, n (%) <.0001
Low 23 (32.4) 47 (72.3) 43 (53.1) 22 (66.7) 25 (73.5)
Moderate 35 (49.3) 18 (27.7) 33 (40.7) 7 (21.2) 8 (3.5)
High 13 (18.3) 0 (0.0) 5 (6.2) 4 (12.1) 1 (2.9)

Education levels, n (%) <.0001
Primary school or less 4 (5.6) 20 (30.8) 9 (11.1) 8 (24.2) 7 (20.6)
High school 27 (38.0) 37 (56.9) 47 (58.0) 19 (57.6) 22 (64.7)
at least university degree 40 (56.3) 8 (12.3) 25 (30.9) 6 (18.2) 5 (14.7)

Employment status, n (%) <.0001
Unemployed 9 (12.7) 23 (35.4) 17 (21.0) 12 (36.4) 10 (29.4)
Retired/student/home duties 2 (2.8) 13 (16.0) 10 (12.3) 7 (21.2) 4 (11.8)
Part time 29 (40.8) 7 (10.8) 16 (19.8) 5 (15.2) 7 (20.6)
Full time 31 (43.7) 22 (33.8) 38 (46.9) 9 (27.3) 13 (38.2)

Health insurance, n (%) 41 (57.7) 24 (36.9) 36 (44.4) 16 (48.5) 13 (38.2) .138

aP < .05 vs cluster 1.
bP < .05 vs cluster 2.
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number of outcomes such as asthma exacerbation, unplanned
visits, emergency visits, and hospital admissions in clusters 2, 4,
and 5 was significantly larger than those in cluster 2 or 3 (P< .0001
for all comparisons; Table 4), which suggested that clusters 2, 4, and
5 would be at high risk of asthma exacerbations. However, we did
not find any difference in primary and secondary exacerbations
among clusters 3, 4, and 5. Furthermore, survival analyses in time to
first asthma outcome such as exacerbation, unplanned visits,
emergency visits, hospital admission, and ICU admission were
undertaken among these prespecified clusters. Kaplan-Meier sur-
vival curves demonstrated statistical differences in asthma exac-
erbation, unplanned visits, emergency visits, and hospital
admissions (P < .0001 for all comparisons; Fig 3) except ICU ad-
missions (P ¼ .359). Based on these data, we analyzed the future
risks of asthma exacerbations, unplanned visits, emergency visits,
hospital admissions, and ICU admissions using logistic regression
models (Fig 4). The models indicated that, if cluster 1 was taken as
the reference, then cluster 2 had a statistically increased risk of
asthma exacerbations (RR 1.13, 95% CI 1.03e1.25), unplanned visits
(RR 1.98, 95% CI 1.07e3.66), and emergency visits (RR 7.17, 95%
Table 3
Clinical Characteristics of 5 Phenotypes Based on Cluster Analysis

Variables Cluster 1 Cluster 2

Patients, n (%) 71 (25.0) 65 (22.9)
Age at asthma onset (y), mean � SD 30.1 � 12.8 33.7 � 15.2
Spirometry, mean � SD
FEV1 (% predicted) 90.84 � 19.77 81.24 � 22.27
FEV1/FVC (%) 84.83 � 13.98 76.20 � 14.66

ACT score 19.3 � 2.9 16.5 � 2.8
AQLQ score 4.5 � 1.2 3.0 � 1.2
Severity in GINA patterns, n (%)
Intermittent 24 (33.8) 11 (16.9)
Mild 38 (53.5) 30 (46.2)
Moderate 8 (11.3) 12 (18.5)
Severe 1 (1.4) 12 (18.5)

Psychological status, n (%)
Neither 41 (57.8) 0
Either 25 (35.2) 0
Both 5 (7.0) 65 (100.0)

Abbreviations: ACT, Asthma Control Test; AQLQ, Asthma Quality of Life Questionnaire; F
Initiative for Asthma.
aP < .05 vs cluster 1.
bP < .05 vs cluster 2.
CI 1.26e40.80), cluster 4 was at higher risk of unplanned visits (RR
2.22, 95% CI 1.02e4.81), and cluster 5 had a higher risk for emer-
gency visits (RR 12.72, 95% CI 1.95e69.78).
Discussion

Identifying asthma phenotypes can facilitate an increased un-
derstanding of its pathogenesis and facilitate a more personalized
approach to management. To our knowledge, this is the first study
to identify asthma phenotypes based on cluster analysis in a real-
world setting based on clinical expression in a Chinese popula-
tion and to further validate the clinical relevance of these clusters
using a prospective longitudinal cohort study. We used cluster
analysis to show that clinical phenotypes can be defined in patients
with asthma based on clinically accessible measurements including
sex, age, BMI, monthly income status, atopy, smoking, age at
asthma onset, FEV1%predicted, and asthma control level at baseline.
We identified 3 clinical clusters that correspond to recognizable
phenotypes of “allergic asthma,” “fixed airflow limitation,” and
“low SES.” Each of these phenotypes was at increased future risk of
Cluster 3 Cluster 4 Cluster 5 P value

81 (28.5) 33 (11.6) 34 (12.0)
31.9 � 11.7 38.5 � 15.1 34.7 � 15.4b .049

88.62 � 16.63b 74.99 � 29.16 85.11 � 23.11b <.0001
83.69 � 13.15 68.15 � 19.83 78.09 � 14.50 .0120
18.0 � 2.7 15.7 � 3.4 16.9 � 3.0a,b <.0001
4.0 � 1.0 3.0 � 1.0 3.4 � 1.0 <.0001

<.0001
28 (34.6) 2 (6.1) 5 (14.7)
34 (42.0) 14 (42.4) 21 (61.8)
12 (14.8) 11 (33.3) 6 (17.6)
7 (8.6) 6 (18.2) 2 (5.9)

<.0001
43 (53.1) 1 (3.0) 0
38 (46.9) 0 (0.0) 0
0 (0.0) 32 (97.0) 34 (100.0)

EV1, forced expiratory volume in 1 second; FVC, forced vital capacity; GINA, Global



Table 4
Difference in Asthma Exacerbations Within 12-Month Follow-up in 5 Phenotypes Based on Cluster Analysis

Variables Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 P value

Patients, n (%) 71 (25.0) 65 (22.9) 81 (28.5) 33 (11.6) 34 (12.0)
Exacerbations <.0001
Median (Q1, Q3) 1 (0, 2) 6 (5, 10) 1 (0, 3) 6 (3, 8) 5 (0, 8.25)
Mean � SD 2.0 � 3.8 11.6 � 28.6a 4.5 � 13.6b 6.9 � 7.9a 4.9 � 4.4a

Unplanned visits <.0001
Median (Q1, Q3) 0 (0, 0) 2 (0, 3) 0 (0, 0) 2 (0, 3) 1.5 (0, 3)
Mean � SD 0.2 � 0.5 2.3 � 2.6a 0.3 � 0.6b 1.7 � 1.6a 2.2 � 2.6a

Emergency visits <.0001
Median (Q1, Q3) 0 (0, 0) 1 (0, 1) 0 (0, 0) 1 (0, 1) 0.5 (0, 1)
Mean � SD 0.03 � 0.2 0.9 � 1.2a 0.04 � 0.2b 0.6 � 0.7a 0.9 � 1.2a

Hospital admission <.0001
Median (Q1, Q3) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)
Mean � SD 0.0 � 0.0 0.3 � 0.8a 0.01 � 0.1b 0.2 � 0.5 0.3 � 0.7a

Abbreviations: Q1, quartile 1; Q3, quartile 3.
aP < .05 vs cluster 1.
bP < .05 vs cluster 2.
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severe asthma exacerbations, which has important implications for
clinical practice.

Cluster analysis is a collection of methods for defining groups of
individuals based on clinical characteristics, so that the individuals
are grouped based on their differences (or similarities) into clus-
ters.22 The groupings are constructed such that the degree of as-
sociation is strong between members of the same cluster and weak
between members of different clusters. To design a cluster analysis,
we needed to consider at least 3 major issues.23 The first relates to
the selection of individuals. We recruited consecutive patients from
a tertiary hospital, and their diagnosis of asthma was confirmed by
evidence of airway hyperresponsiveness or bronchodilator revers-
ibility. They represented different severities of asthma, which was
different from other studies.24e28 For example, in the study by
Boudier et al,24 participants with asthma were identified by self-
report based on answers to questionnaires, and there would be
inherent issues with misdiagnosis of diseases, especially in cohorts
that include smokers who could have other etiologies for respira-
tory symptoms. The studies by Ning et al26 and Weatherall et al25
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were not restricted to asthma and included disparate individuals
with respiratory symptoms or obstructive spirometric results,
which are relevant to obstructive airway disease generally rather
than specifically. In 2 other studies,27,28 although the cluster anal-
ysis algorithm discriminated the clusters at entry, these clusters did
not behave differently concerning asthma control-related out-
comes. This could be because they included individuals with severe
or refractory asthma who were too similar and within a relatively
homogenous group.

The second key issue is the selection of variables; if the variables
represent epiphenomena, then clusters might present these rather
than underlying pathogenic features. Because our aimwas to define
clinical asthma phenotypes based on clinical characteristics, all
selected variables in our study had social demographic or clinical
relevance. Sex, age at asthma onset, atopy, psychological symptoms,
and BMI are clearly inherent characteristics. Although smoking
exposure is an environmental factor, there is evidence to suggest
that tobacco smoking can have epigenetic effects in promoting
disease development.29,30 Asthma phenotypes identified in
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up period, with cluster 1 as the reference. CI, confidence interval; RR, relative ratio.
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previous studies resulted from developed rather than developing
countries; monthly income status as a selected variable is included
in our cluster analysis because SES is a strong predictor of poor
asthma control.31 Obviously, treatments (eg, inhaled corticosteroids
affect those related to variable airflow obstruction) would modify
the values of variables such as ACT score and FEV1%predicted, which
can lead to cluster instability or transitions.24,32 Although the choice
of clustering parameters was broad, we cannot exclude the possi-
bility that other variables might be of greater significance in
developing clinically meaningful phenotypes.

Third, a consideration is the number of variables to choose to
enter into a cluster analysis. In previously published studies, the
number of variables varied from 5 to at least 25.21,33e35 Weatherall
et al23 suggested approximately 10 variables would be a useful
number because it is difficult for too many variables to describe the
clusters in a meaningful way. As a result, our study demonstrated a
satisfying performance in cluster identification and had signifi-
cantly differential characteristics except for BMI across clusters. It is
likely explained by geography and ethnicity,32,36 which is sup-
ported by a study by Sakagami et al.36 Another plausible issue is
that the prevalence of overweight or obesity is relatively low in
China.21,37e39 Although the global prevalence of overweight and
obesity in developing countries such as China is increasing,40,41

obesity was not an important contributor to these clusters, which
was supported by analysis of the relative variable importance in
clustering shown in Figure 2A.

The long-term goals of asthmamanagement are to achieve good
symptom control and to minimize future risk of exacerbations.42

Although cross-sectional cluster analysis identified different phe-
notypes, they need to be validated for clinical relevance in a lon-
gitudinal study. In this study, we identified 3 clusters at increased
risk of asthma exacerbations in a Chinese population. It is evident
that the patients in clusters 2, 4, and 5 rather than clusters 1 and 3
had distinctly lower SES. Further, clusters 2, 4, and 5 had more
psychological symptoms and were at high risk of severe or re-
fractory asthma.43 Studies from Korea41 and Japan40 also reported
clusters with increased exacerbation risk. Our clusters 1 and 3 are
similar to cluster D and our cluster 4 is similar to cluster B in the
study by Kim et al.21
In this study, we identified for the first time a “low SES”
phenotype in cluster 5 with no health insurance in two thirds of
subjects, which increased exacerbation risk. This is not surprising
but not demonstrated by previously published cluster analyses from
developed countries. The relation between asthma and SES has
been confirmed previously. Recent studies by Uphoff et al44 and
Thakur et al45 indicated that SES played an important role in pre-
dicting asthma but also correlated with worse asthma control and
poor prognosis of asthma,31,46 which could be explained by a lower
SES exacerbating the perceived effect on asthma. Intriguingly, some
recently published studies indicated that low SES is related to low-
grade systemic inflammation such as C-reactive protein and inter-
leukin-6,47e49 which would modify the clinical characteristics or
worsen symptoms of asthma.50 Cluster 4 is the “fixed airflow limi-
tation” phenotype identified in this study that is similar to the
“persistent airflow obstruction” phenotype51 or the “accelerated
lung function decline”36 phenotype, which could be explained by a
larger proportion of patients with severe asthma, smokers and pa-
tients with more psychological symptoms. Our recent studies52e54

indicated that psychological symptoms predisposed to greater
perceived dyspnea intensity and was associated with significantly
increased risk of asthma exacerbations presenting as hospitaliza-
tions, unscheduled doctor visits, and emergency department visits
because of asthma. This could be explained by a weaker broncho-
dilator response and altered pattern of inflammation that could be
refractory to standard therapies that would constitute a possibly
distinct “neuropsychological” phenotype.5,52,54e56

The strength of this study is represented by the prospective
longitudinal design, recruitment of participants from a real-world
setting in which interventions are instigated according to clinical
guidelines, confirmed evidence of bronchial reversibility for
asthma diagnosis, rigorous statistical methodology, and the ability
to control for potentially important confounders. This study also
has some potential limitations. First, because the cluster analysis
was not prespecified, potential cluster variables could be identified
only post hoc based on availability in our prospectively registered
cohort study.5 Second, no biologic markers other than pulmonary
function and skin testing were included, because our aim was to
define clinical phenotypes based on clinical characteristics.
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Although subjective symptoms are difficult to assess for accuracy in
airway inflammation of asthma, the clinical phenotypes based on
cluster analysis in this study might provide potential insight into
pathobiologic mechanisms that are related to future risk of exac-
erbations. Third, detailed information on asthma treatments and
their adherence was not available; therefore, we cannot provide
information on the evolution of the treatment requirements and
how treatment modified these clinical phenotypes or led to cluster
instability.

Fourth, these asthma phenotypes based on cluster analysis
resulted from data objects from a tertiary hospital, which need to
be further validated in a primary-care population dataset.38 Fifth,
although 5 clusters were distinctly identified and would provide
potential implications for clinical practice in developing countries,
it was inevitable that some subjects with asthma on the “edge”
would be incorrectly assigned to the identified clusters because of
asthma heterogeneity, instability of clinical phenotypes, and few
selected variables involved in the pathophysiology of airway
inflammation in this study.24,32,57,58

In conclusion, our study in a Chinese population with asthma
conducted in a real-world setting identified several recognizable
clinical phenotypes such as “allergic asthma,” “fixed airflow limi-
tation,” and “low SES” phenotypes that were associated with high
risk of future asthma exacerbations. This study adds new evidence
to support the interest in cluster-derived asthma phenotypes for a
better understanding of this complex disease and for asthma
management in developing countries. Further, it will provide
health policy makers in developing countries with evidence to
improve health insurance because asthma is not usually covered by
health care insurance in outpatient clinics. The concept of the
phenotype has been suggested to be the prelude to that of the
endotype, which would force us to further explore these pheno-
types and their underlying pathobiology with identifiable bio-
markers in the ongoing Australasian Severe Asthma Network
involving Australia, New Zealand, and China.59
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