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ABSTRACT
Objective: Asthma is a heterogeneous disease with varying clinical presentations, severity
and ability to achieve asthma control. The present study aimed to characterize clinical phe-
notypes of asthma in an Indian cohort of subjects using a cluster analysis approach.
Methods: Patients with confirmed asthma (N¼ 100) and at least 6-months of follow-up data,
identified by retrospective chart review, were included in this study. Demographics, age at
disease onset, disease duration, body mass index, serial spirometry and allergen sensitization
were assessed. Asthma control was assessed prospectively using Global Initiative for Asthma
and Asthma Control Test. R version 3.4.3 was used for statistical analysis. Ward’s minimum-
variance hierarchical clustering method was performed using an agglomerative (bottom-up)
approach. To compare differences between clusters, analysis of variance using Kruskal-Wallis
test (continuous variables) and chi-square test (categorical variables) was used.
Results: Cluster analysis of 100 treatment-naive patients with asthma identified four clusters.
Cluster 1, (N¼ 40), childhood onset of disease, normal body weight, equal gender distribu-
tion and achieved normal lung function. Cluster 2 (N¼ 16) included adolescent disease-
onset, obese, majority males and had poor attainment of maximum lung functions. Cluster
3 (N¼ 20) were older, late-onset of disease, obese, majority male and had poor attainment
of maximum lung function. Cluster 4 (N¼ 24) had adult-onset of disease, obese, predomin-
antly female and achieved normal lung function.
Conclusions: In an Indian cohort of well-characterized patients with asthma, cluster analysis
identified four distinct clinical phenotypes of asthma, two of which had poor attainment of
maximum lung functions.
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Introduction

The prevalence of asthma has increased by 12.6%
since 1990 making it the most common chronic
respiratory disease worldwide (1). In 2015, 400,000
people died from asthma globally. There were 37.9
million cases of asthma in India in 2016 (2). The con-
tribution of chronic respiratory diseases to the total
DALYs (Disability-Adjusted Life Year) in India
increased from 4.5% in 1990 to 6.4% in 2016. Of
these, asthma was responsible for 20% of the chronic
respiratory disease DALYs (2). The Global Initiative
for Asthma (GINA) provides a stepwise approach for
adjusting treatment based on disease severity, control

and response to therapy (3). Despite availability of evi-
dence-based updated guidelines, studies show that
asthma control remains poor across multiple healthcare
settings. A study conducted by Kearney et al. on resi-
dents of North Carolina found that a total of 2,066 dece-
dents had an underlying cause of death as asthma for
an overall death rate of 12.5 per 1,000,000 persons (4).

In a substantial number of patients, asthma is
uncontrolled due to poor treatment-responsiveness
independent of baseline disease severity (5). In a study
conducted by Gonzalez-Barcala et al. of the 1316
patients analyzed, 36 (2.7%) had one early readmis-
sion (within 15 days of discharge) and 313 (23.8%)
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one late readmission. The only factor independently
associated with a higher probability of an early
readmission was poor lung function. A higher probabil-
ity of late readmission was associated with a greater
severity of the asthma and the use of a combination of
inhaled corticosteroid (ICS) and long acting beta agon-
ist (LABA) as maintenance treatment (6). Current
guidelines from GINA (3), British Thoracic Society (7),
National Institute for Clinical Excellence (8) and
National Asthma Education and Prevention Program
(9) provide excellent population-based protocols on
asthma management that are effective for majority of
patients. However, there is a paucity of guidance on
how to define, diagnose and manage patients who do
not achieve normal lung function.

The clinical presentation, pathophysiology and treat-
ment-responsiveness are all important variables in
asthma. Studies have categorized asthma patients into
subgroups using both pre-defined variables and unbiased
cluster analysis (10–13). The objective of cluster analysis
is to identify, without bias, groups of patients that are
similar with respect to variables or attributes of interest,
and the groups themselves stand apart from one-another
(14). Majority of the cluster analyses have been based on
cross-sectional data on patients with mixed duration of
asthma (10–12).However, asthma is a disease with a
high degree of variability, making one time point a fra-
gile basis for cluster analysis. Reliability of the results
and confidence in consistency of a phenotype would be
increased by including clinical data from several time
points (13). Recognition of specific sub-phenotypes may
further our understanding of the pathophysiology, treat-
ment response, prognosis and underlying genetic basis
for the disease, and also pave the way for targeted ther-
apy. In this study, we aimed to identify distinct clusters
in patients with asthma and evaluate if they differed
based on maximum lung function attained after guide-
lines-based management over 6-months. Some of the
results of this study have been previously reported in
the form of an abstract (15).

Materials and methods

This is a retrospective study of treatment naïve asth-
matics evaluated at a tertiary care center between
January 2015 and February 2016. Judgmental non-prob-
abilistic sampling technique was applied. Confidentiality
of the data was maintained according to the clinical
research guidelines. The institution’s ethics committee
approved the study (JSSMC/IEC/02/0603/2017–18).
Subjects were identified by review of institution’s med-
ical database. These patients had chest symptoms

suggestive of airway disease and did not have previous
spirometries to confirm their asthma. Therefore, during
the first visit to the tertiary care center, these subjects
were referred for spirometry to confirm the diagnosis of
asthma. The inclusion criteria were asthmatics who had
been treated at primary and secondary care levels only
with intermittent oral bronchodilators, oral steroids and
nebulization during the acute attacks. None of these
patients were on daily ICS therapy as per the GINA
guidelines at the time of presentation. The age of onset
of clinical symptoms suggestive of asthma as elicited in
history is taken as the age of onset of asthma. Patients
who had at least 6months of follow up and a minimum
of four spirometry tests during this time, were included.
The exclusion criteria was defined by patients with
respiratory diseases other than asthma, <6months of
follow-up, non-adherent with treatment, or <4 serial
spirometry. Patients, which were referred back to family
physician, were also excluded from the study.

The patients were treated according to GINA
guidelines (3). Maximal lung function was defined
according to the maximum value obtained during the
period of study. When the lung functions did not
reach 80%, subjects received a short course of oral ste-
roids. Adherence to pharmacotherapy was assessed
from pharmacy refills.

Subjects were assessed using a standardized proto-
col that included the recording of demographics and
performance of pulmonary function tests that satisfied
American Thoracic Society (ATS) quality criteria.
Spirometry was performed with Easy-One spirometer
(NDD Medizintechnik; Zurich, Switzerland), and
post-bronchodilator testing was performed 15min
after administration of 400 lg of salbutamol. Asthma
was diagnosed according to GINA guidelines with
patients having a post-bronchodilator FEV1 reversibil-
ity of >12% and 200ml. The reference values used
were Asian (16). Serial lung functions were recorded
to identify the time taken to achieve maximum lung
function. The ‘Revised Consensus of Body Mass
Indices for Asian Indians’ criteria was used (17).
Patients with body mass index (BMI) between 18 and
23 kg/m2 were categorized as normal, 23 and 24 kg/m2

as overweight and �25 kg/m2 as obese. Patients were
categorized as atopic if they had a skin prick test to
one or more allergen measuring �3mm of the saline
control. The skin prick test was performed using
Hollister Stier (Spokane, USA) allergens with a 1mm
prick lancet (Hollister Stier) for different allergens
(pollens, grasses, trees/shrubs, pets, fungi/molds and
dust mite). Total serum IgE levels were measured
using Genesis Diagnostics ELISA Kit (Cambridgeshire,
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England). Total and differential white cell counts
including absolute eosinophil count were performed
with Sysmex automated cell counter.

Allergic rhinitis and conjuctivitis were diagnosed
according to the Allergic Rhinitis and its Impact on
Asthma guidelines and ‘American Optometric
Association’ (18,19). Subjects with symptoms of rhin-
itis were classified as allergic rhinitis if they were
atopic and were classified as non-allergic rhinitis if
they were non-atopic. Patients were asked about
exposure to biomass fuels for cooking and heating,
mosquito repellents and incense sticks all of which are
known to cause indoor pollution similar to that of
smoking indoors that can lead to poor treatment
responsiveness (20). The number of exacerbations
during the follow-up period was noted. Asthma exac-
erbations were defined according to ATS/ERS state-
ment on standardization of outcomes. Patients having
either (a) use of systemic corticosteroids or an
increase from a stable maintenance dose, for at least
3 days, or (b) a hospitalization or ER visit because of
asthma requiring systemic corticosteroids, were classi-
fied as having an asthma exacerbation (21).

CDC defines a ‘former smoker’ as an adult who has
smoked at least 100 cigarettes in his or her lifetime but
who had quit smoking at the time of interview and a
‘never smoker’ if smoked <100 cigarettes in their lifetime
(22). Follow up was prospective, using GINA and
Asthma control test (ACT) questionnaire to determine
asthma control (23,24). This was assessed at 6months,
during the last visit of the patients. Patients were classi-
fied as well controlled, partially controlled and uncon-
trolled according to GINA. Using the ACT questionnaire
for patients >12 years of age, asthma control was catego-
rized as uncontrolled (score < 20) or controlled (score
� 20). An ACT score of 19 or lower is useful for identi-
fying patients with poorly controlled asthma (GINA) (25).
Data on the treatment levels of patients according to
GINA guidelines at the beginning of the study versus at
the end of 6 months were also collected (3). All the sub-
jects underwent a detailed educational program about
asthma, risk factors, triggers, various medications, need
for regularity of medications, device options and training
on the use of the device lasting 30–35min at the initi-
ation of treatment. During each follow-up visit, the sub-
ject was requested to demonstrate the use of their device.

Figure 1. Cluster dendrogram identified four distinct asthma clusters.
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Statistical analysis

Data were standardized using method of medians, as
the variables were measured on different scales. The
median was subtracted from each observation and the
difference was divided by the median absolute devi-
ation. R version 3.4.3 was used to perform statis-
tical analysis.

This was followed by application of cluster analysis
methodology in which unsupervised machine-learning
method is used to identify similar characteristics in
patients and to group them together on that basis.
The essential aim is to minimize intra-group variance
while simultaneously maximizing inter-group vari-
ance. The methodology was applied to each popula-
tion using a two-step approach. In the first step,
Ward’s minimum-variance hierarchical clustering
method (14) was performed using an agglomerative
(bottom-up) approach. Hierarchical clustering did not
require the number of clusters to be specified a priori
and cluster assignment was based on similarity of
measured characteristics. The agglomerative method
then applied started with each data point assigned
to its own cluster, and iteratively merges the two
closest clusters until all the data belong to a single
cluster (26).

The dendrogram (Figure 1) then generated was
used to estimate the number of likely clusters within
the studied population and four distinct clusters were
identified. Once clusters were formed, there was no
inter-cluster switching. The choice of which clusters to
combine is determined by measuring distances, simi-
larities/dissimilarities, and/or using linkage criteria
(27). Cluster stability is an important aspect of validity,
because cluster methods can generate groups in fairly
homogenous data sets hence, trial of 5 clusters was
also considered, but little difference was appreciated
between the fourth cluster and fifth cluster, thus we

retained only four clusters. This estimate was pre
specified in k-means cluster analysis that was used as
the principal clustering technique. K-means clustering
method was used by taking the centroids as seeds of
the clusters obtained. Variables chosen for cluster
modeling were selected on the basis of their consid-
ered contribution to characterizing the asthma pheno-
type. Analysis of variance using Kruskal-Wallis test for
continuous variables and chi-square test for categorical
variables were used to compare these clusters.

Results

Out of the 1040 patients screened, 741 patients did
not meet inclusion criteria (Figure 2). Confirmed
asthmatics according to GINA guidelines were 299

Figure 2. Flow chart of patient recruitment with reasons
for exclusion.
OPD: out patient department; COPD: chronic obstructive pul-
monary disease; ILD: interstitial lung diseases; Post TB: post
tuberculosis

Table 1. Demographic and clinical variables of the
study population.
Parameter Female Male Total

No. of subjects 55 45 100
Baseline FEV1 before

treatment (% predicted)
59.05 58.5 58.81
(21.22) (22.85) (21.96)

Max. post treatment FEV1
achieved (% predicted)

76.31 74.3 75.39
(17.13) (19.9) (18.46)

BMI (kg/m2) 25.28 20.94 23.33
(7.20) (4.865) (6.62)

Age at baseline (years) 33.85 33.0 33.45
(18.2) (21.42) (19.72)

Age at onset of disease (years) 25.65 21.0 23.54
(17.6) (19.23) (18.5)

Duration of disease (Years) 9.04 12.72 10.7
(8.73) (14.05) (11.6)

Non-smokers (%) 92.73 86.7 90.0
(0.26) (0.34) (0.3)

Presence of Indoor air pollution (%) 15.5 11.1 13.0
(0.352) (0.314) (0.336)

Presence of Atopy (%) 83.64 80.0 81.82
(0.34) (0.4) (0.39)

Serum IgE levels (IU/ml) 534.3 668.6 581.7
(559.3) (605.82) (583.9)

Absolute eosinophil count (Cells/ll) 386.9 315.4 356.2
(174.8) (188.1) (183.45)

WBC count (Cells/mm3) 8265.8 8000 8139.1
(1192.8) (1198.67) (1204.6)

Allergic Rhinitis (%) 83.64 80.0 81.8
(0.34) (0.4) (0.31)

Non-Allergic Rhinitis (%) 9.16 6.7 7.18
(0.74) (0.66) (0.687)

Perennial symptoms (%) 74.55 66.66 72.0
(0.4356) (0.4714) (0.449)

Sensitive to House dust mite (%) 94.45 88.9 93.0
(0.2271) (0.3143) (0.2551)

Asthma Control according to GINA (%)
(1) Controlled (1) 30.9 (1) 33.33 (1) 32.0
(2) Partially controlled (2) 10.9 (2) 28.9 (2) 19.0
(3) Uncontrolled (3) 58.2 (3) 37.77 (3) 49.0
Asthma Control according to ACT 35.42 38.24 40.24
(ACT) (% of controlled patients) (0.478) (0.486) (0.56)

Notes. The continuous variables are calculated as average while the others
have percentage calculations. The values in the bracket are stand-
ard deviations.

For Asthma control according to GINA.
(1) Well controlled.
(2) Partially controlled.
(3) Uncontrolled.
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with spirometry-confirmed reversible airflow obstruc-
tion. Of these, 144 patients were referred back to the
family physician, 42 patients had <6months follow
up and/or <4 spirometry studies. Thirteen patients
were excluded based on non-adherence to treatment.
One hundred subjects met all the inclusion criteria
(55 female; 45 male). Average age was 33.4 (19.72)
years and age of asthma onset 23.54 (18.5) years. The
detailed demographic features are presented in
Table 1. Cluster dendrogram identified four distinct
clusters (Figure 1) and their characteristics are
detailed in Table 2. Additional information of cluster
characteristics is available as a Supplementary Table.
As per GINA treatment protocol, step wise escalation
was done at each visit if asthma was uncontrolled or
partially controlled. If subjects did not tolerate the
dose escalation due to adverse events, which in many
cases, were more troublesome than their asthma
symptoms (muscle cramps, tremors, palpitations due
to LABA, oral candidiasis and loss of taste in-spite of
use of a spacer and immediate mouth gargling due to
ICS), de-escalation was done and patients were main-
tained with the highest tolerated dose. None of the
patients received biologics due to cost and poor access
in a low resource setting. Most of the subjects had
achieved their maximum lung function (personal best)
after 3 months of treatment. According to Asthma
control by GINA, 32% were well controlled, 19% were
partially controlled and 49% were uncontrolled.

Cluster 1, the largest cluster (N¼ 40), was charac-
terized by early onset of disease, normal weight, equal
gender distribution and achievement of normal lung
function after treatment. This cluster had the highest
pretreatment baseline FEV1 (68.9% predicted). The

maximum post treatment FEV1 achieved (% pre-
dicted) was 87.57 and % FEV1 improvement with
bronchodilator on first visit was 16.5%. Twenty per-
cent of subjects in cluster 1 were exposed to indoor
air pollution and 10% were current smokers. Ninety-
two percent of patients had comorbid rhinitis out of
which 80% had perennial symptoms of rhinitis.

Cluster 2 (N¼ 16), the smallest cluster, included sub-
jects with higher BMI and longer duration of disease.
There were more males (56.3%) in this group. Subjects
had the lowest baseline pre-BD FEV1(43.4% predicted).
The maximum post treatment FEV1 achieved (% pre-
dicted) was 58.12% and % FEV1 improvement with
bronchodilator on first visit was 24.2%.

They had the lowest FEV1 after 6months of treat-
ment. On average, patients achieved their maximum
FEV1 at 2months of treatment.

Subjects in cluster 3 (N¼ 20) had late onset asthma
(average age: 51.9 years) and were older (average age:
61.2 years); majority were obese. This cluster had the
pretreatment baseline FEV1 as 45.7 (% predicted).
The maximum post treatment FEV1 achieved (% pre-
dicted) was 61.6 and % FEV1 improvement with
bronchodilator on first visit was 14.6%.

Ten percent were exposed to indoor air pollution
and 10% were smokers. Subjects had poor baseline
FEV1. This cluster had the lowest percentage (65%) of
patients with atopy with 85% patients having co-mor-
bid rhinitis.

Subjects in cluster 4 (N¼ 24) were predominantly
female (75%), obese, middle-aged, and with late onset
of disease. This cluster had pretreatment baseline
FEV1 of 63.3 (% predicted). The maximum post
treatment FEV1 achieved (% predicted) was 78.1

Table 2. Comparison of demographic and clinical variables of the four distinct asthma clusters.
Variable Cluster 1 Cluster 2 Cluster 3 Cluster 4 p Value

Size 40 16 20 24 –
Baseline Pre-bronchodilator FEV1 before treatment % predicted 68.9 43.4 45.7 63.3 <0.00001
Max. post treatment FEV1 achieved % predicted 87.57 58.12 61.6 78.1 <0.00001
% FEV1 improvement with bronchodilator on first visit (%) 16.5 24.2 14.6 12.25 <0.00001
Age at onset of disease (average) (Years) 7.6 16.1 51.9 31.8 <0.00001
Age at baseline (average) (Years) 13.2 41.7 61.2 38.5 <0.00001
BMI (average) (kg/m2) 18.72 23.9 26.8 27.8 <0.00001
Duration of disease (average) (Years) 6.9 27.1 9.9 6.7 0.00014
House dust mite sensitivity (%) 85.0 62.5 50.0 79.1 0.0218
Percentage of subjects with at least one moderate or

severe Asthma exacerbations in 6 months (%)
5.0 18.8 15.0 33.3 0.0282

Asthma Control according to GINA� (%) (1) 45.0 (1) 50.0 (1) 0.0 (1) 25.0 <0.00001
(2) 32.5 (2) 12.5 (2) 5.0 (2) 12.5
(3) 22.5 (3) 37.5 (3) 95.0 (3) 62.5

Asthma Control according to ACT (%) of uncontrolled (ACT) 63.6 37.5 85 62.5 0.03422
n¼ 22/40� n¼ 16/16 n¼ 20/20 n¼ 24/24

Atopy (%) 90.0 86.7 65.0 79.2 0.1395
Perennial symptoms (%) 80.0 75.0 65.0 62.5 0.407
Allergic Rhinitis (%) 90.0 86.7 65.0 79.2 0.139
Non-allergic Rhinitis (%) 2.0 0.8 20.0 8.3 <0.00001

Notes. �GINA (1) Well controlled (2) Partially controlled (3) Uncontrolled.
�ACT was only administered to subjects above the age of 12.
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and % FEV1 improvement with bronchodilator on
first visit was 12.25%.

This group had the highest percentage of smokers
(12.5%). Normal lung functions were achieved after
treatment, with maximum FEV1 achieved after
3.2months of therapy. They also had the maximum
number of subjects with at least one moderate or
severe asthma exacerbations.

The four clusters are plotted in a 2D graph
(Figure 3) with total serum IgE level on the X-axis

and predicted FEV1 values on the Y-axis. Figure 4
shows a 3 D model, plotted using R version 3.4.3 soft-
ware, where a sphere represents each of the 100 sub-
jects in the cluster analysis. The color of the sphere
indicates the assigned phenotype. The axes are those
used in the allocation rule: maximum post FEV1, BMI
and exacerbations. Examination of the model in dif-
ferent planes highlights that the ‘obese atopic’ group
separates out on BMI and highest number of asthma
exacerbations, whereas the remaining three clusters
are differentiated based on disease severity. Figure 5
shows proportion of subjects with various degrees of
asthma control according to GINA in the various
clusters. Patients in cluster 3 were largely uncontrolled
(95%) and 85% of these subjects were receiving GINA
Step 4 or 5 treatment and the remaining 10% did not

Figure 3. Four distinct asthma clusters plotted according to maximum attained FEV1 and total IgE.

Figure 4. A 3D model using maximum attained lung func-
tions, BMI and exacerbations as variables.

Figure 5. A histogram graph depicting GINA control in the
four clusters after 6months of treatment.
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tolerate dose escalation. The GINA stepwise treatment
received by the various clusters at the beginning of
the treatment and at the end of 6months are pre-
sented in Figure 6.

Discussion

To our knowledge, this is the first cluster analysis of
Indian patients with asthma. In our cohort of 100
well-characterized patients with at least 6months fol-
low-up and four serial spirometries, we identified four
distinct clusters. Cluster 1 with early onset of disease
and normal weight, normal lung functions; Cluster 2
with poor lung function, overweight patients and pre-
dominantly males; Cluster 3 with females, obese sub-
jects, poor lung function; Cluster 4 with obese and
predominantly female with good lung functions. The
differences in variables between the four clusters that
achieved statistical significance were baseline pretreat-
ment FEV1, Max. post BD FEV1 during 6months,
percentage FEV1 improvement with bronchodilator
on first visit, age of onset of disease, duration of dis-
ease, BMI, house dust mite sensitivity and percentage
of subjects with at least one asthma exacerbation in
last 6months. Clusters 2 and 3 failed to achieve nor-
mal lung functions after guideline-based therapy, both
characterized by low post-treatment lung function but
there was a dichotomy in maintaining asthma control
between clusters. Cluster 4 achieved near normal lung
function. The worst asthma control was seen in clus-
ter 3 with 95% of subjects being uncontrolled accord-
ing to GINA guidelines, whereas subjects in cluster 2
with similar poor attainment of maximum FEV1 had
far better asthma control (37.5% subjects uncon-
trolled) than cluster 4 (62.5% subjects uncontrolled)

who had attained near normal FEV1. We observed
that patients in all the 4 clusters took about 3months
to attain their maximum lung function. Cluster 4 was
unusual since they had achieved near-normal lung
functions, but also had the highest number of subjects
(one in three) with at least one moderate to severe
asthma exacerbations in spite of having achieved near
normal lung functions. They had the highest BMI
among four clusters and the highest total IgE, but it is
not clear whether these attributes resulted in the
observed greater number of exacerbations in this
group. Another interesting observation was that
Cluster 3, which was female predominant, had the
highest number of patients with non-allergic rhinitis
(20%). A study conducted by Gauthier and colleagues
emphasized that a later onset of disease in obese
patients with less atopy showed poor responsiveness
to treatment with corticosteroids (28). For the current
study, asthma control was assessed using ACT ques-
tionnaire and GINA guidelines. A dichotomy was
seen in Cluster 2 where, despite low lung function,
50% of patients reported their asthma to be well con-
trolled. Good correlation between the two assessment
tools was observed in clusters 2, 3 and 4. Poor correl-
ation was seen for cluster 1 perhaps because, as previ-
ously published, accepted ACT cutoff score for
uncontrolled asthma likely overestimates asthma con-
trol in children (29).

In our study, two clusters were unable to reach
normal lung functions after 6months of guideline-
based therapy, suggesting two possibilities. One, devel-
opment of fixed airways disease/airway remodeling
and the second, low baseline lung function and/or low
lung function trajectory (30,31). Both of these groups

Figure 6. GINA treatment steps at the beginning of the study versus after 6months.
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(clusters 2 and 3) had low FEV1 in similar range
(43.4 and 45.7, respectively) before initiating guide-
line-based therapy and improved to similar levels
(58.1 and 61.6, respectively) after treatment. However,
subjects in cluster 2 had earlier onset of asthma and
longer duration of the disease (Mean 27.1 years SD)
when compared to cluster 3 with later onset and
shorter duration (Mean 9.9 years SD). It is possible
that fixed airway disease develops earlier in older sub-
jects, though the exact mechanism needs further
study. Although subjects in cluster 3 were less atopic
compared to cluster 2, both groups had a high pro-
portion of subjects with co-morbid rhinitis and fewer
subjects with house dust mite sensitivity, as compared
to the groups that attained normal lung functions.
Both groups also had similar proportion of subjects
with asthma exacerbations and exposure to indoor
air pollution.

Another possibility is that these two clusters had
low baseline lung function and therefore their max-
imum achieved FEV1, even with treatment, is much
lower than predicted for their age. A recent study by
Lange et al. (32) analyzed spirometry from three large
cohorts (Framingham offspring cohort, Copenhagen
city heart study and the Lovelace smokers cohort) and
confirmed that in the general population 62% had
FEV1< 80% predicted at baseline before entering into
the study. They observed that at the final follow-up
several decades later, the FEV1 was 61% (±15) pre-
dicted in all the cohorts combined. On analyzing the
life course trajectories among these subjects, it was
observed that 12% of the subjects had small lungs (evi-
denced by low maximal attainment of FEV1 before
decline) compared to the rest of the population. To
our knowledge, there are no published data on the
prevalence of small lungs in Indian population, though
Indians have been observed to have lower lung func-
tions than Caucasians. According to the PURE study,
mean lung function parameters of Indians are seen to
be �30% less as compared to healthy, white American
or European individuals (33). Earlier studies have also
observed that the lung functions in Indians are lower
than the Caucasians (34,35). FEV1 in all four clusters
in our population improved similarly, between 14.7
and 18.6% after 6months of treatment compared to
baseline. It is possible that these two clusters, constitut-
ing 36% of our study population, could have small
lungs, which could explain their lower maximum FEV1
attained (58.1% and 61.6% predicted for clusters 2 and
3, respectively).

Published studies of cluster analysis in asthma are
summarized in Table 3 (13,36,37,39–52). In a

longitudinal 12-year follow-up study of new-onset
adult asthma, Ilmarinen et al. (13) identified 5 clusters
of which subjects in cluster 2 were less treatment-
responsive. These subjects were predominantly smok-
ers, middle aged, nearly half of them were obese, had
mostly uncontrolled asthma, had the most exacerba-
tions and hospitalizations, and also had the maximum
decline in lung function from baseline. Howrylak et al.
(36), in the longitudinal childhood asthma management
program study, found five clusters that maintained
remarkable consistency over a period of two years. The
study did not include adults, or children with severe
asthma. They observed one cluster that was poorly
treatment-responsive to inhaled budesonide (cluster 5)
and one that was partially treatment-responsive (cluster
4). They used only disease-specific variables for their
cluster analysis. The poorly treatment-responsive cluster
included children with high burden of atopy (atopic
dermatitis, allergic rhinitis, asthma), airway obstruction
and exacerbations. Fingleton et al. (37) identified five
phenotypes, including a distinct asthma-COPD overlap
group with features of atopic asthma, marked variability
in airflow obstruction, emphysema and chronic bron-
chitis in current or former smokers. This group had the
most severe airflow obstruction but benefitted from ICS
treatment with marked bronchodilator reversibility to
both inhaled beta-agonist and anti-muscarinic therapy.
Another phenotype with adult-onset disease, obesity,
systemic inflammation and multiple comorbidities was
identified but, in contrast to other published cluster
analyses, this group did not have marked female pre-
dominance. They showed minimal bronchodilator
responsiveness to beta-agonist and anti-muscarinic
treatments but marked improvement in SGRQ scores
after 12weeks of ICS treatment. The other two clusters
of childhood-onset disease were consistent with our
cluster 1, while the fifth cluster phenotype showed
adult-onset disease with intermittent airflow
obstruction.

Patients with asthma present with different disease
severity. Despite varying levels of asthma severity, the
treatment goals are similar and focus on reducing
impairment and risk. A patient who has severe per-
sistent asthma or a patient who is less responsive to
therapy requires more intensive intervention to
achieve these goals. An important adverse conse-
quence of longstanding asthma is airway remodeling,
which is associated with worse clinical outcomes and
poor treatment responsiveness (38). Guidelines do not
currently provide guidance on early recognition of
patients who are partially or wholly treatment-unre-
sponsive and may represent distinct clinical pheno-
types. The first step is to arrive at a globally accepted
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Table 3. Summary of previous studies on cluster analysis on asthma.

Study name Factors considered
Clusters
formed

Country; year;
sample size;

duration of study

Assessment of
treatment

responsiveness

Cluster Analysis on Longitudinal Data
of Patients with Adult-Onset Asthma

Sex, smoking history, atopy, lung functions,
comorbidities, age, treatment responsiveness

5 Finland; 2017; 171; 12 years Yes

Ilmarinen et al. (13)
Classification of childhood asthma

phenotypes and long-term clinical
responses to inhaled
anti-inflammatory medication

Pulmonary function, treatment responsiveness,
atopy, baseline exacerbation history, prior
hospitalizations

5 USA; 2014; 1041; 4 years Yes

Howrylak et al. (36)
Treatment responsiveness of

phenotypes of symptomatic
airways obstruction in adults

Age of onset atopy, asthma-COPD overlap, BMI,
comorbidities.

5 New Zealand; 2015;
389( for cluster analysis)
127 (for follow up), 12 Weeks

Yes

Fingleton et al. (37)
Ten-year follow-up of cluster-based

asthma phenotypes in adults.
A pooled analysis of three cohorts.

Asthma symptoms, Allergic status,
Pulmonary function

10 ECRHS data, Switzerland,
France; 2013; 3320; 10 years

No�

Boudier et al. (39)
Asthma phenotypes in inner-city children. Age, asthma and rhinitis severity, pulmonary

physiology, allergy (sensitization and total serum
IgE), and allergic inflammation.

5 USA; 2016; 616; One year No�
Zoratti et al. (37)

Persistent airflow obstruction in patients
with asthma: Characteristics
of a distinct clinical phenotype

Age, sex, pulmonary function tests, inflammatory
cells in induced sputum, bronchial hyper-
responsiveness (BHR, PD15 to methacholine)
treatment regimens, atopy.

3 Greece; 2015; 170; 6 months No�

Konstantellou et al. (41)
Classification and implementation of

asthma phenotypes in elderly patients.
Sex, Acute asthma exacerbation, symptom duration
airway obstruction, lung function, smoking, BMI.

4 Korea; 2014; 872; 2 years No�

Park et al. (42)
Distinct clinical phenotypes of airways

disease defined by cluster analysis.
Age, sex, pulmonary function tests, nitric oxide
measurements, blood tests, chest computed
tomography atopy, history of chronic bronchitis and
emphysema, eosinophilic airways
inflammation, smoking.

5 Wellington Respiratory Survey
(Europe); 2009; 175; 12 months

No�

Weatherall (43)

Validated and longitudinally stable
asthma phenotypes based on cluster
analysis of the ADEPT study.

Lung functions, age of onset, eosinophilic
inflammation, gene expression for type 2 asthma.

4 North America & Europe; 2016;
ADEPT & U-BIOPRED; 238

No�

Loza et al. (44)
Cluster analysis and clinical asthma

phenotypes.
Lung function, smoking, eosinophilic inflammation,
age of onset, asthma exacerbations, sex.

4 United Kingdom; 2008; 429 No

Haldar et al. (45)
Cluster analysis identifies characteristic

phenotypes of asthma with
accelerated lung function decline.

Sex, age of onset, Lung function, atopy,
duration, age.

3 Japan; 2014; 86 No

Sakagami et al. (46)
Identification of asthma phenotypes

using cluster analysis in the Severe
Asthma Research Program.

Lung function, Atopy, Age of onset, Oral
corticosteroids, comorbidities, Age.

4 North Carolina (USA);
2010; 726

No

Moore et al. (47)
Identification and validation of asthma

phenotypes in Chinese population
using cluster analysis.

SES, Sex, Smoking, Psychological, Factors, First
asthma exacerbation, unplanned and emergency
visits, hospital admission.

5 China; 2017; 284 No

Wang et al. (48)
Severe or life-threatening asthma

exacerbation: patient heterogeneity
identified by cluster analysis.

Age, sex, Severity of symptoms at baseline,
frequency of treatment with oral corticosteroids and
short-acting beta-agonists, frequency of asthma
hospitalizations in the past year. Evidence of chronic
hyperplastic rhinosinusitis/nasal polyposis, duration
of disease, atopy, history of allergic rhinitis and
furred pet hypersensitivity, concomitant chronic
obstructive pulmonary disease

5 Japan; 2016; 175 No

Sekiya et al. (49)

Cluster analysis of sputum cytokine-high
profiles reveals diversity in T(h)2-high
asthma patients

T (h) 2-sputum cytokine profile. sputum eosinophil
and neutrophil counts lung function parameters at
baseline and 2 years later

5 Belgium; 2016; 205 No

Seys et al. (50)
Phenotypes of asthma in low-income

children and adolescents: cluster analysis.
Pulmonary function, eosinophil inflammation,
exacerbations, age at asthma onset, atopy.

3 Brazil; 2017; 206 No

Cabral et al. (51)
Quantitative computed tomography-

derived clusters: redefining airway
remodeling in asthmatic patients.

Quantitative CT analysis 3 UK; 2013; 65 Cases;
30 cohorts

No

Gupta et al. (52) Air trapping (RB1 WV and LV values)

Notes. �Data for follow up collected but not analyzed for treatment responsiveness.
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definition that will then increase the likelihood of
clinical trials focused on evaluating treatment options
for patients with treatment-unresponsive asthma. As
we observed in our study population, the different
clusters varied significantly in their clinical presenta-
tion, and treatment response. With recent advances in
available treatment options in asthma, it has become
even more important to recognize this heterogeneity
in treatment- responsiveness. Tailored treatment pro-
tocols that address therapeutic challenges in these
patients are urgently needed.

Strengths and limitations of the study

There are many strengths of our study. We included
patients with well-characterized asthma with objective
confirmation of asthma diagnosis and guidelines-
based treatment. Adherence to prescribed therapy was
confirmed. Cross-sectional and longitudinal data were
included. Information on exposure to indoor air pol-
lution, which is very relevant to this population, was
included. There are also some limitations to our
study. The data were collected retrospectively except
for the assessment of current asthma control (GINA)
and ACT. In many patients, the control of asthma
was not achieved. In these patients, the maximal lung
function may well be higher than that achieved during
the study.

Some false negative diagnosis of asthma is possible,
as the methacholine challenge was not performed.
Additional analysis to inform endo-genotypes of low
and high maximal attainment of lung functions in
these asthmatics could not be performed.

Conclusion

To our knowledge, this is the first cluster analysis of
Indian patients with asthma across varying ages and
disease severity. The study identified distinct pheno-
types of asthma associated with low maximal attain-
ment of lung functions despite guidelines-based
therapy and underscores an urgent need for further
studies in this subgroup. Similar clustering approach
can be used to identify longitudinally consistent and
clinically relevant asthma phenotypes, with implica-
tions for targeted therapeutic strategies and clinical
trials designing.
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