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ABSTRACT
Objective: To identify subsets of chronic obstructive
pulmonary disease (COPD) patients who are more
protected from exacerbations with the use of an
inhaled corticosteroid/long-acting β2 agonist (ICS/
LABA) combination, compared with the use of LABA
monotherapy.
Design: Post hoc cluster analysis of patients from two
randomised clinical trials of salmeterol/fluticasone
propionate (SFC) and salmeterol (SAL) that had primary
endpoints of moderate/severe exacerbation rates.
Setting: Centres in North America.
Participants: 1543 COPD patients were studied.
Interventions: SFC 50/250 µg or SAL 50 µg, twice daily.
Primary and secondary outcome measures: The
analysis identified clusters of COPD patients more
responsive to SFC versus SAL with respect to the annual
rate of moderate/severe exacerbations and compared their
baseline clinical characteristics.
Results: Overall, SFC significantly reduced the annual rate
of moderate/severe exacerbations as compared with SAL
alone (rate ratio (RR)=0.701, p<0.001). Three-patient
clusters were identified: COPD patients receiving diuretics
(RR=0.56, p<0.001); patients not receiving diuretics but
with forced expiratory volume in 1 s (FEV1) reversibility
≥12% (RR=0.67, p<0.001) exhibited a substantial
reduction in the annual rate of moderate/severe
exacerbations relative to SAL. A third cluster, consisting of
patients not receiving diuretics and without FEV1
reversibility, demonstrated no difference for SFC versus
SAL. Patients receiving diuretics had a significantly higher
prevalence of comorbid cardiovascular disease.
Conclusions: COPD patients receiving diuretics and
those not receiving diuretics but with FEV1 reversibility
>12% at baseline were significantly more likely to
experience a reduction in COPD-associated exacerbations
with SFC versus SAL alone.
Trial registration: NCT00115492, NCT00144911

INTRODUCTION
The Global Strategy for the Diagnosis, Management
and Prevention of COPD (GOLD) was revised in
2011 to reflect that Forced Expiratory Volume

in 1 s (FEV1) alone is an insufficient measure
of disease severity.1 Importantly, the revised
GOLD strategy document also recommends
therapy with an inhaled corticosteroid/long-
acting β2 agonist (ICS/LABA) combination, or

ARTICLE SUMMARY

Article focus
▪ This paper describes a cluster analysis of a

pooled cohort of chronic obstructive pulmonary
disease (COPD) patients receiving salmeterol
(SAL) alone or in combination with fluticasone
propionate (SFC) for 1 year. The analysis sought
to identify clusters of patients who could benefit
most from the addition of fluticasone propionate
to their long-acting bronchodilator therapy based
on the annual rates of moderate/severe
exacerbations.

Key message
▪ Three clusters were identified. Two clusters,

including patients receiving diuretics and those
not receiving diuretics but with baseline bron-
chodilator reversibility of ≥12%, exhibited a sig-
nificantly greater reduction in exacerbations
when treated with SFC versus SAL. No difference
was seen between treatments in the third patient
cluster—persons without bronchodilator revers-
ibility and not receiving diuretics. These analyses
highlight two strata of COPD patients who may
be more likely to benefit from inhaled cortico-
steroid therapy combined with a long-acting β2
agonist bronchodilator.

Strengths and limitations of this study
▪ Pooled and systematically collected data from

>1500 well-characterised patients from two ran-
domised controlled trials were used in the ana-
lysis, which was validated using half of the study
population. The conclusions are limited by the
uncertainty of extrapolating results derived from
participants enrolled in a randomised clinical trial
in which exacerbation in the previous year was
an entry requirement for COPD patients in the
general population.
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a long-acting muscarinic antagonist, for patients at risk of
two or more exacerbations per year, even in the presence
of mild airflow limitation. This recommendation reflects
the established associations between frequent exacerba-
tions, more rapid decline in lung function2 and greater
impairment of health status.3 4

Chronic obstructive pulmonary disease (COPD) is a
complex and heterogeneous disease with pulmonary and
extra-pulmonary manifestations.5 Significant inroads have
recently been made in understanding clinical subtypes and
their pathophysiology,6 and how they may contribute to the
development of a customised approach to therapeutic inter-
vention based on the patient’s individual COPD pheno-
type.7 Han et al7 have advocated the following process for
selection of a COPD phenotype: identify a candidate
phenotype, determine its relevance to clinical outcomes
and then validate it with longitudinal data collection in care-
fully characterised patient groups. An example of such a
phenotype established through this process is that of the
‘frequent exacerbator’ identified in the ECLIPSE cohort. In
that analysis, the presence of two or more exacerbations in
the previous year was shown to strongly predict the occur-
rence of an exacerbation in the coming year.8

Statistical techniques may assist in the identification of
COPD phenotypes, with cluster analysis being the most
commonly used approach.9–12 Cluster analysis uses algo-
rithms to group a patient population, without an a
priori hypothesis, into cohorts where those in the same
group are more similar to each other than they are to
those in other groups. This is in contrast to subgroup
analysis, where populations are predefined and statistical
testing is applied to identify differences.13

In the present study, cluster analysis was conducted using
data pooled from two clinical trials that studied differences
in exacerbation rates in COPD patients randomly assigned
either to LABA (salmeterol (SAL)) or to ICS/LABA (sal-
meterol/fluticasone propionate (SFC)).14 15 The objective
of this cluster analysis was to identify patients who benefit
most from the addition of ICS to bronchodilator therapy in
terms of the reduction of the mean annual rate of moder-
ate/severe exacerbations for SFC compared with SAL.

METHODS
Clinical study design and subjects
The methodology for the two clinical trials has been pre-
viously published.14 15 These were randomised, double-
blind, parallel group studies comparing twice-daily SFC
50/250 µg (Seretide, Advair, GlaxoSmithKline, Research
Triangle Park, North Carolina, USA) with SAL 50 µg via
DISKUS (Serevent, GlaxoSmithKline, Research Triangle
Park, North Carolina, USA) on the annual rate of mod-
erate/severe exacerbations in patients with COPD.
Subjects in the USA and Canada were aged 40 years or

more, with a clinical history of COPD, a pre-bronchodilator
FEV1 ≤50% of predicted, a pre-bronchodilator FEV1/
forced vital capacity ratio of ≤70%, a cigarette smoking
history of ≥10 pack-years, and a documented history of at

least one moderate or severe COPD exacerbation in the
year prior to screening. A moderate exacerbation was
defined as one requiring outpatient antibiotic and/or oral
corticosteroid use, and a severe exacerbation was defined as
one requiring hospitalisation. Current and former smokers
were included. The key exclusion criteria were a current
diagnosis of asthma based on the American Thoracic
Society standards for diagnosis,16 other active chronic
respiratory disorders apart from COPD, a moderate/severe
exacerbation that had not resolved prior to visit 1, or con-
current use of anticholinergics, theophyllines and leuko-
triene modifiers, or a history or current significant health
conditions that could affect subject safety or effectiveness
evaluation if the condition exacerbates during the study.
Participants with a history of or current clinically significant
cardiac arrhythmias, uncontrolled/unstable congestive
heart failure, uncontrolled hypertension or unstable angina
were excluded from the study. Participants (n=36) with
protocol violations or missing data required for the primary
model were excluded (n=1543 analysed vs n=1579).

Cluster analysis methodology
The annual moderate/severe exacerbation rate was entered
into a cluster analysis using an interaction tree algorithm to
maximise the identification of subgroups showing differ-
ences in their response to SFC and SAL treatment.13

The cluster analysis aimed to find subgroups in the
study subjects that had similar baseline characteristics
and with maximum treatment differences for mean
yearly moderate/severe exacerbation rate ratio (RR).
Subjects included in the cluster analysis were required

to have the following baseline variables: FEV1% pre-
dicted, FEV1 reversibility stratum (yes/no for ≥12%
improvement and ≥200 ml), time on treatment and geo-
graphical region. Reversibility following the administra-
tion of four puffs of albuterol was determined prior to
randomisation to treatment, following completion of the
4-week FSC 250/50 run-in period. Missing values for the
remaining baseline variables were imputed during cluster
analysis as the median for continuous/ordinal variables
or as the most frequent value for categorical variables.
The baseline characteristics are listed in table 1. Baseline
medications were classified by the Anatomical
Therapeutic Chemical (ATC) Classification System, con-
trolled by the World Health Organization. Medications
are classified based on the organ or system they affect
and/or their therapeutic and chemical characteristics.17

When medications could have more than one ATC code,
the second-level ATC code corresponding to the patient-
supplied indication was evaluated to classify the medica-
tion (eg, aspirin as a platelet inhibitor vs analgesic would
be assigned to B01 Antithrombotic vs N02 Analgesic).
Baseline characteristics were examined before inclu-

sion in the model to ensure that there was no significant
co-linearity that may influence the cluster analysis. Co-
linearity was assessed by creating a correlation tree, and
any two variables with an R2≥0.7 were examined. The
variables considered most clinically relevant were
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retained. St George’s Respiratory Questionnaire Impact
and Activity scores were removed from the cluster ana-
lysis since they correlated highly with the total score.

Modelling to define the tree: supervised analysis
Modified recursive partitioning techniques were used to
perform the supervised subgroup analysis. The

frequency of each variable was examined to identify
sparse values prior to inclusion in the tree. As the
minimal subgroup size (terminal node) was set at 100,
all categorical variables were required to have at least
100 participants in a response category in order to be
considered for the recursive partitioning algorithm.
Variables with several responses were collapsed into
fewer categories as appropriate, such that all categories
had at least 100 participants (eg, exacerbations requiring
hospitalisation in the previous year) or were eliminated
from consideration during the cluster analysis (race,
anti-haemorrhagics, anti-hypertensives (eg, anti-adrener-
gics and smooth muscle agents), vasodilators and vaso-
protectives (eg, topical haemorrhoid treatments and
anti-varicose therapy)).
The best split of the tree was determined by maximis-

ing the subgroups according to the treatment inter-
action effect, and the subgroup membership was then
assigned to each patient based on the selected tree.
Internal validation was performed by using a split
sample, so that a random sample of 50% of the patients
was selected to create the tree and the remaining half
was used for the computation of rate ratios and CIs to
test statistical significance.
Generalised linear models using a negative-binomial

function were used to compare the likelihood of having
an exacerbation by examining the treatment by sub-
group interaction. The model was adjusted for study
baseline FEV1% predicted, FEV1 reversibility stratum
(yes/no for ≥12% and 200 ml post-bronchodilator
change), time on treatment and geographical region
(eight regions), which was considered a random effect.
The algorithm used in the study maximises treatment
differences (mean moderate/severe exacerbation rates
for SFC vs SAL) among subgroups. The RR for each
cluster was estimated using linear contrast, and rate
ratios plus 95% CIs were used to estimate the differences
in annual mean moderate/severe exacerbation rates for
each cluster. The programme was completed in the R
statistical package.18

Clusters were clinically characterised based on the
tree. Descriptive statistics were used to present the base-
line differences in clinical features among clusters; pro-
portions were used for categorical variables, and
medians with interquartile ranges (IQRs) were used for
continuous variables. The χ2 test was used to examine
the statistical differences among the subgroups for cat-
egorical variables and the non-parametric Wilcoxon
rank sum test was performed to test the statistical differ-
ences among the subgroups for continuous variables.

RESULTS
Pooled demographics and efficacy
The baseline characteristics of the pooled population
were well matched between those receiving SFC and
those receiving SAL (table 2). The majority of patients
reported a moderate and not a severe exacerbation in

Table 1 Baseline characteristics and other variables

employed in the cluster analysis

Variable

Demographics Age (years)

Gender

Smoking status (current/former)

Pack-years

Body mass index (m/kg2)

Lung function/QOL FEV1% predicted

FEV1% reversibility

FEV1/FVC ratio postalbuterol

FVC % predicted

SGRQ Activity score

SGRQ Impact score

SGRQ Symptom score

SGRQ Total score

COPD history Duration of COPD (years)

Chronic bronchitis (self-reported,

yes/no)

Emphysema (self-reported, yes/no)

Exacerbations requiring

hospitalisation (past 12 months)

Exacerbations requiring OCS/

antibiotics (past 12 months)

Gold Stage indicator variables

based on lung function (II, III/IV)

Medications (ATC

classification)

Agents acting on the renin-

angiotensin system (angiotensin

converting enzyme inhibitors)

Anti-anaemic preparations

Anti-haemorrhagics

Anti-histamines

Anti-hypertensives

Anti-thrombotics

Anti-inflammatory and

antirheumatic products

β-blockers
Bone disease (including muscle

pain) medications

Calcium channel blockers

Cardiac therapies

Diabetes medications

Diuretics

Lipid-modifying agents

Psychoanaleptics

Psycholeptics

Vasodilators

ATC, Anatomical Therapeutic Chemical; COPD, chronic
obstructive pulmonary disease; FEV1, forced expiratory volume in
1 s; FVC, forced vital capacity; OCS, oral corticosteroid; QOL,
quality of life; SGRQ, St George’s Respiratory Questionnaire.

DiSantostefano RL, Li H, Rubin DB, et al. BMJ Open 2013;3:e001838. doi:10.1136/bmjopen-2012-001838 3

Cluster analysis of response to ICS/LABA therapy



the 12 months prior to study. Thirty-seven per cent of
patients had two or more moderate exacerbations and
2% had two or more severe exacerbations.
In the primary studies,14 15 the annual combined mod-

erate or severe exacerbation rates were significantly
lower with SFC (1.10 and 1.06) than with SAL (1.59 and
1.53). The risk of a moderate or severe exacerbation
among SFC users in the pooled study population was
decreased by 30% as compared with those using SAL
alone (RR=0.701, p<0.001).

CLUSTER ANALYSIS RESULTS
Supervised cluster analysis identified four distinct clus-
ters based on the use of diuretics and the extent of
FEV1 reversibility, expressed solely as a percentage of the
pre-bronchodilator value. Reversibility was categorised
initially into three levels: <11.5%, 11.5–28% and >28%.
When maximising differences in response to therapy
with SFC versus SAL (data not shown), we pruned the
tree at the ≥12% reversibility threshold as 11.5% was
close to the ≥12% component of the ERS/ATS thresh-
old for reversibility, although it should be noted that this
definition also requires a volume response of ≥200 ml.19

The initial reversibility clusters were otherwise similar
with respect to baseline characteristics (data not shown).
The final model used to generate the clusters had
adjusted for the baseline FEV1% predicted, FEV1 revers-
ibility stratum (yes/no for ≥12% and 200 ml

post-bronchodilator change) and region. Only the base-
line FEV1% predicted was statistically significant
(p<0.01) in the final model.
Three final COPD clusters were defined (figure 1)

based on the use of diuretics and the presence or
absence of ≥12% FEV1 reversibility based on the model.
The first cluster (cluster 1) identified participants
treated with diuretics (predominantly furosemide).
Approximately half of the diuretic use reported (n=282)
was for hypertension, the remaining use was for unspeci-
fied oedema, coronary artery disease and/or congestive
heart failure. No other subpopulations were identified
in this cluster. In patients not using diuretics at baseline,
two further clusters were defined based on the presence
or absence of FEV1 reversibility. Cluster 2 patients exhib-
ited reversibility, defined as a post-bronchodilator
change of ≥12%. Cluster 3 patients did not exhibit
reversibility, that is, a post-bronchodilator change in
FEV1 of <12%. Compared with SAL, significant reduc-
tions in the rate of moderate/severe exacerbations were
observed with SFC therapy in cluster 1 (44% reduction)
and cluster 2 (33% reduction). Similar reductions were
not observed in cluster 3 (figure 2).
Baseline demographics that were significantly different

across clusters are presented in table 3. Participants in
cluster 1 tended to be older, had a higher body mass
index (BMI), were more likely to be former smokers
than current smokers and had the greatest smoking
pack-year history. Participants in cluster 1 also had a

Table 2 Demographic and baseline clinical characteristics of participants participating in the primary clinical studies of SFC

versus SAL (cluster analysis population)

Demographic characteristics

SFC 50/250 µg SAL Total

N=771 N=772 N=1543

Age, median years (IQR) 65 (59–72) 65 (59–71.5) 65 (59–72)

Gender, male/female ratio 54/46 54/46 54/46

Race, n (%)

Caucasian 94 94 94

Non-Caucasian 6 6 6

Body mass index, mean m/kg2 (IQR) 27 (23–31) 27 (23–30) 27 (23–31)

Smoking history (%)

Former 59 59 59

Current 41 41 41

Exacerbations requiring hospitalisation (past year) (%)

0 78 76 77

1 20 22 21

≥2 3 2 2

Exacerbations requiring oral steroids/antibiotics (past year) (%)

0 <1 1 1

1 65 60 63

2 20 24 22

≥3 14 14 15

FEV1% predicted (IQR) 33.1 (25.1–41.8) 33.8 (24.9–41.9) 33.6 (25.0–41.9)

FEV1% reversibility (IQR) 20.1 (9.1–33.4) 18.6 (8.5–30.5) 18.9 (8.9–31.7)

Reversibility stratum* [no/yes] (%) 58/42 61/39 60/40

SGRQ Total, mean (IQR) 46.60 (35.88–59.41) 48.67 (36.60–60.34) 47.5 (36.1–59.9)

*Reversibility based on change in FEV1 from baseline following four puffs (360 µg) albuterol, defined as a ≥12% and ≥200 ml increase.
FEV1, forced expiratory volume in 1 s; IQR, interquartile range; SAL, salmeterol; SFC, salmeterol/fluticasone propionate; SGRQ, St Georges
Respiratory Questionnaire.
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higher prevalence of treatment for comorbidities (eg,
cardiovascular disease (CVD), hypertension and dia-
betes) than those in clusters 2 and 3. Subjects in cluster
3 had a higher % predicted FEV1 compared with those
in clusters 1 and 2, whereas those in cluster 2 had the
lowest % predicted FEV1. No difference was observed in
the baseline incidence of moderate/severe exacerba-
tions between the clusters.

DISCUSSION
This study identified three clusters: cluster 1: diuretic
users with treatment for cardiovascular comorbidity;
cluster 2: reversible, not taking diuretics; cluster 3: not
reversible, not taking diuretics. Participants in clusters 1

and 2 benefited from receiving combination therapy
with SFC, compared with SAL alone, with a greater
reduction in exacerbations. This exercise identified two
groups that are more likely to respond to SFC. The
largest benefit with SFC was observed in cluster 1, but
the difference in RR between clusters 1 and 2 did not
quite reach statistical significance.
A number of hypotheses can be put forward to

explain the lower exacerbation rates with SFC relative to
SAL among diuretic users. The use of diuretics may
identify a group of patients with, or at risk of, CVD, such
as those with hypertension or heart failure, though with
the limited data available from the source studies, this
cannot be confirmed. There was a significantly higher
use of CVD medications in cluster 1, which suggests a
preponderance of CVD diagnosis in this group; it may
also suggest the presence of metabolic syndrome, as
more patients in cluster 1 were in receipt of statins and
ACE inhibitors than those in other clusters; furthermore,
the proportion of patients with diabetes was greater in
cluster 1 than in other clusters, as was the baseline BMI.
Metabolic syndrome is more frequent among COPD
than non-COPD patients, reflecting CVD and diabetes
to be concurrent with airway obstruction.20

ICS (FP) could exert a benefit on exacerbations in
COPD patients with CVD if (1) CVD comorbidity reflects
an increased inflammatory state related to COPD21 and
(2) if CVD is a driver for COPD exacerbation occurrence22

and severity,23 as has been reported. It is therefore plaus-
ible to conjecture that subjects with CVD would exhibit
higher levels of inflammation than those without CVD.
Inflammation, as demonstrated by the elevated C reactive
protein or fibrinogen, increases the risk of a COPD exacer-
bation,8 24 and this logic supports the value of the addition
of an ICS (FP) in cluster 1.
The heterogeneity of COPD is well established6 and it

has recently been suggested, through use of a rigorous

Figure 1 Interaction tree

generated by supervised cluster

analysis. MER, mean annual rate

of moderate/severe

exacerbations; SAL, salmeterol;

SFC, salmeterol/fluticasone

propionate combination.

Figure 2 Pooled analysis of SFC effect on the mean annual

moderate/severe exacerbation rate by cluster. Ns, not

significant (p>0.05); SAL, salmeterol; SFC, salmeterol/

fluticasone propionate combination.
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assessment of comorbidity, that patients with CVD and
metabolic syndrome form discrete clusters of COPD
patients12 which are represented in our analysis in
cluster 1. Another assessment of comorbidity in COPD
has found that certain CVDs increase the risk of all-
cause mortality in COPD.25 Although the TORCH study
failed to show a significant effect (p=0.052) of FP/SAL
versus placebo for all-cause mortality,26 a subsequent
analysis of CV-related mortality and AEs found a positive
effect of FP/SAL versus SAL in terms of CV-related out-
comes,27 which further implies a potential benefit of
ICS in COPD patients with comorbid CVD.
It is also possible that participants in cluster 1 (diuretic

users) were pre-disposed to an increased exacerbation
risk as a consequence of heart failure, especially as com-
pared with clusters 2 and 3, more patients in cluster 1
were in receipt of antithrombotics, β-blockers and
cardiac therapy, all of which suggest a greater degree of

heart failure in cluster 1 compared with the other clus-
ters. Heart failure can be aggravated by increased aortic
stiffness, a marker of cardiovascular risk found in greater
prevalence among COPD patients than in the general
population.28 Dransfield et al29 recently found that SFC
lowered aortic pulse wave velocity (aPWV), a marker of
aortic stiffness, in COPD patients with elevated aPWV.
Another possible explanation of the lower rate in mod-

erate/severe exacerbations with SFC over SAL in cluster 1
reflects the direct activity of the concomitant diuretic
therapy. Recent studies have examined the effectiveness of
diuretics in the treatment of chronic respiratory diseases,
in particular furosemide (which was the predominantly
used diuretic in cluster 1). Mechanistically, furosemide
inhibits inflammatory cytokines30 and enhances the anti-
inflammatory impact of ICS.31 Clinically, it has been
shown to alleviate exertional dyspnoea in COPD32 and to
protect against bronchoconstriction in asthma.33–35

Table 3 Baseline characteristics of interest according to the cluster group

Covariate Cluster 1: diuretic (N=454)

Cluster 2: reversible,

no diuretic (N=756)

Cluster 3: not reversible,

no diuretic (N=333) p Value

Age, median years

(IQR)

67 (62–74) 64 (58–70) 65 (59–71) <0.0001

Body mass index,

median m/kg2 (IQR)

28 (25–34) 26 (23–30) 25 (22–29) <0.0001

Smoking status (%)

Former 65 58 53 0.0024

Current 35 42 47

Smoking, mean

pack-years (IQR)

52 (40–77) 50 (37–70) 48.5 (36–70) 0.0401

FEV1% predicted (SD) 33.9 (25.1–42.6) 31.3 (23.9–39.4) 37.7 (29.0–44.6) <0.0001

FEV1% reversibility (SD) 18.55 (7.40–31.70) 26.25 (18.60–38.20) 4.50 (-1.00–8.70) <0.0001

Reversibility stratum*

[no/yes] (%)

60/40 41/59 100/0 <0.0001

Exacerbations requiring hospitalisation (past year) (%)

0 73.8 78.9 76.3 ns

1 23.6 19.5 19.8

2 2.6 1.6 3.9

Exacerbations requiring oral steroids/antibiotics (past year) (%)

1 62.6 61.1 67.0 ns

2 20.0 25.0 19.2

3 8.1 7.7 7.2

Baseline medications (%)

Diuretics 100 0.0 0.0 <0.0001

Anti-thrombotics 50.7 32.0 40.2 <0.0001

ACE inhibitors 50.0 26.7 30.6 <0.0001

Lipid modifiers 49.3 28.7 33.6 <0.0001

Calcium channel

blockers

33.5 16.3 14.1 <0.0001

Psycholeptics 32.6 21.4 24.0 <0.0001

Anti-histamines 30.4 22.4 23.7 0.0062

β-blockers 24.0 10.8 12.9 <0.0001

Cardiac therapy 23.1 8.6 7.2 <0.0001

Diabetes 17.4 7.8 8.4 <0.0001

Anti-anaemics 13.2 5.8 3.6 <0.0001

Anti-hypertensives 7.3 3.2 1.5 <0.0001

*Reversibility based on change in FEV1 from baseline following four puffs (360 µg) albuterol, defined as a ≥12% and ≥200 ml increase.
ACE, angiotensin converting enzyme; FEV1, forced expiratory volume in 1 s; IQR, interquartile range; ns, not significant; SD, standard
deviation.
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The findings in cluster 1 relating to comorbidity in
COPD are of particular interest, given the recent publi-
cations on the prevalence and impact of comorbidity in
COPD12 25 36 and the concept of multiple morbidities
and their impact on clinical practice.37 Certainly, our
findings and those of others11 12 suggest that patients
with multiple diseases may benefit from a different
approach to management than those with a single
disease, a concept which has recently been raised as a
major issue in primary care.38

In cluster 2 (reversibility ≥12%), a significant effect of
SFC was also observed over SAL in terms of a lower rate
of moderate/severe exacerbations. There was also revers-
ibility in cluster 1 (median, 18.6%). Participants exhibit-
ing reversibility have been shown to have greater
improvement in lung function compared with those
without reversibility, which could explain the significant
effect of SFC relative to SAL in terms of a lower rate of
moderate/severe exacerbations.39 Recent data suggest
that an improvement in the lung function of 100 ml
relates to a reduction in the exacerbation rate of 12%,40

while a 12% increase in the exacerbation rate has been
reported for each 100 ml loss of lung function.8 The
effect of SFC in COPD41 has been shown to provide a
significantly greater effect on lung function in reversible
versus irreversible participants. This suggests a potential
mechanism for the lower rate of moderate/severe exacer-
bations in clusters 1 and 2 for patients receiving SFC. The
rationale for this is that a greater improvement in lung
function is typically associated with a greater effect on
exacerbations (eg, Jones et al40).
The role of reversibility as a distinguishing feature in

COPD has recently been questioned. While it is appar-
ent that COPD subjects can be more or less reversible,
there is considerable within-patient variability both in
single testing39 and in testing on multiple occasions.42

Subject reversibility will vary over time, such that over
1 year only 4% of patients were reversible on every occa-
sion tested.42 As such, it has been shown that while the
percentage of reversible patients is between 20% and
30% in any given population at any time (as was the
case in these studies), the actual patients who are revers-
ible may change. Despite the limitations with reversibil-
ity, there is evidence that participants who are more
reversible are likely to have a more robust bronchodila-
tor response to treatment than those who are less revers-
ible.39 41 None of the participants in cluster 3 exhibited
reversibility by definition, and this, together with the
highest prevalence of current smokers (which is known
to attenuate ICS effects in COPD),43 may explain why
no difference was observed between SFC and SAL in this
cluster.
Although the studies excluded participants with current

asthma based on the investigator’s judgement, participants
could have had a history of asthma but not a diagnosis of
active asthma. It has been suggested that asthma and
COPD form part of the same disease continuum,44 and
though this is a controversial concept, the idea of an

asthma–COPD overlap syndrome may give insight into the
response to combination ICS/LABA.45 46 Forty per cent
and 59% of patients in clusters 1 and 2, respectively, were
≥12% reversible and had an increase of ≥200 ml in FEV1.
However, the reversibility stratum (≥12% and ≥200 ml)
was adjusted for in the overall negative binomial model
examining the mean annual exacerbation rates and was
found to be not statistically significant, suggesting that any
impact of reversibility as determined by both ≥12% and
≥200 ml was minimal.
A number of recent studies have investigated COPD

heterogeneity, and have identified independent factors
such as dyspnoea, airway inflammation and asthma-like
features,10 47 or subgroups associated with differential
outcome.48 49 However, only one11 has validated the
COPD subtypes identified against clinically meaningful
outcomes. Garcia-Aymerich et al11 identified three clus-
ters of subjects, comprising those with severely impaired
lung function, those with more mildly impaired lung
function and, importantly, those with more mildly
impaired lung function and evidence of cardiovascular
disorders, obesity, diabetes and systemic inflammation.
The clusters identified in the present study align to
some extent with those already identified, such as
increased reversibility and the presence of CVD. This
suggests a convergence of COPD subtypes that warrants
further examination.
Cluster analysis is limited due to its retrospective

nature and the fact that it is limited to assessing only the
categorical variables collected at baseline. In addition,
the splitting into groups is automated by the computer-
driven algorithm to maximise treatment differences, and
is not necessarily robust; thus, external validation is war-
ranted. As this analysis includes only those patients with
a history of exacerbation, it is also difficult to generalise
to participants with COPD who do not have a history of
exacerbation.
In conclusion, a cluster analysis of participants taking

part in two exacerbation studies of SFC versus SAL iden-
tified three distinct groups of COPD subjects based on
diuretic use and reversibility. These participants varied
in their response with participants in two of the three
groups experiencing a greater reduction in the annual
rate of moderate/severe exacerbations with SFC versus
SAL. Those in the remaining group received no add-
itional benefit in terms of reduction in the annual mod-
erate/severe exacerbation rate over that provided by
SAL alone. This study highlights the future potential for
a personalised medicine approach to the treatment of
patients with COPD. It additionally suggests how this
methodology can be used to generate potential hypoth-
eses for future studies.
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