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Background: Asthma and chronic obstructive pulmonary
disease (COPD) are heterogeneous disorders encompassing
different phenotypes of airflow obstruction, which might differ
in their response to treatment.
Objective: The aim of this study was to determine distinct
phenotypes comprising the syndromes of asthma and COPD
and the treatment responsiveness of these phenotypes to inhaled
b-agonist, antimuscarinic, and corticosteroid therapy.
Methods: We undertook a cross-sectional study with 3 phases.
In phase 1, 1,264 participants aged 18 to 75 years with self-
reported current wheeze and breathlessness were identified
from a random population sample of 16,459. In phase 2, 451
participants attended for detailed assessment, including
responsiveness to inhaled salbutamol and ipratropium bromide.
In phase 3, 168 steroid-naive participants were enrolled in a 12-
week trial of inhaled budesonide. Cluster analysis was
performed in 389 participants who completed phase 2 with full
data. Treatment responsiveness was compared between
phenotypes.
Results: Cluster analysis identified 5 phenotypes: moderate-to-
severe childhood-onset atopic asthma, asthma-COPD overlap,
obese-comorbid, mild childhood-onset atopic asthma, and mild
intermittent. Bronchodilation after salbutamol was equal to or
greater than that after ipratropium for all phenotypes. The
moderate-to-severe childhood-onset atopic asthma, asthma-
COPD overlap, and obese-comorbid phenotypes had greater
efficacy with inhaled corticosteroid treatment than the mild
intermittent group.

Conclusion: Cluster analysis of adults with symptomatic airflow
obstruction identifies 5 disease phenotypes, including asthma-
COPD overlap and obese-comorbid phenotypes, and provides
evidence that patients with the asthma-COPD overlap syndrome
might benefit from inhaled corticosteroid therapy. (J Allergy
Clin Immunol 2015;nnn:nnn-nnn.)
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Asthma and chronic obstructive pulmonary disease (COPD)
are heterogeneous disorders encompassing different phenotypes
of airflow obstruction with distinct clinical characteristics.1-4

Traditionally, the specific clinical phenotypes have been defined
by their pathogenesis, risk factors, natural history, prognosis,
and treatment responsiveness. Identification of clinical features
or biomarkers that predict treatment responsiveness to novel ther-
apies has led to the concept of personalized treatment in which
therapeutic strategies are targeted to individual subjects based
on the presence or absence of these features.5,6

An alternative approach is to assess treatment responsiveness
in different phenotypes of obstructive airways disease identified
by means of multidimensional characterization of subjects, such
as by using cluster analysis.7-9 In a proof-of-concept analysis in
patients with refractory asthma, the benefit of titrating inhaled
corticosteroid (ICS) therapy according to inflammometry was
different depending on the subject’s phenotype, as defined by
level of agreement between symptoms and eosinophilic airways
inflammation.10

In this study we determined candidate phenotypes of airways
disease through cluster analysis using prospectively collected
clinical data from adults with symptoms of airways obstruction
selected from a random population sample. We assessed treat-
ment responsiveness of each phenotype to the 3 main classes of
medications used in the treatment of asthma and COPD. The
objectives were to determine distinct phenotypes comprising the
syndromes of asthma and COPD; to determine the treatment
responsiveness of these phenotypes to inhaled b-agonist, anti-
muscarinic, and corticosteroid therapy; and to develop an
allocation rule by which future patients could be assigned to the
appropriate phenotype.11

METHODS
This study was a 3-phase cross-sectional study. Study methods are

summarized, with additional details provided in this article’s Online

Repository at www.jacionline.org. The study was approved by the New Zea-

land Central Ethics Committee, and all participants provided written informed

consent. The trial was registered on the Australian New Zealand Clinical Tri-

als Registry (ACTRN12610000666022).
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Abbreviations used

ACOS: Asthma-COPD overlap syndrome

ACQ: Asthma Control Questionnaire

ATS: American Thoracic Society

COPD: Chronic obstructive pulmonary disease

FENO: Fraction of exhaled nitric oxide

hsCRP: High-sensitivity C-reactive protein

ICS: Inhaled corticosteroid

SGRQ: St George Respiratory Questionnaire

Phase 1
Participants aged 18 to 75 yearswere recruited from a random sample of the

electoral roll in the greaterWellington region of New Zealand. All participants

were sent a simple screening questionnaire by post, collecting information on

demographics, respiratory symptoms, smoking status, and respiratory di-

agnoses. Nonrespondents received up to 2 follow-up letters and a telephone

call to optimize the response rate.

Phase 2
Respondents with symptoms of wheeze and breathlessness in the last 12

months were invited to attend for further assessment over 2 visits.

Respiratory history and comorbidities. Participants

completed a detailed medical questionnaire designed to obtain information on

respiratory symptoms, risk factors, medications, previous diagnoses and

comorbidities,with questions compiled froma series of validatedquestionnaires.

Lung function. Lung volume, spirometric, and transfer factor values

weremeasured bymeans of body plethysmography (MasterscreenBody;Erich-

Jaeger, Friedberg, Germany) in accordance with American Thoracic Society

(ATS) guidelines.12 New Zealand–specific reference ranges were used.13 Peak

flow diaries were completed over a week between visits 1 and 2 (Mini-Wright

with the ATS scale; Clement Clarke International, Harlow, United Kingdom).

Reversibility testing. Postbronchodilator FEV1 measurements

were performed 30 minutes after inhalation of 80 mg of ipratropium (visit

1) or 400 mg of salbutamol (visit 2) by using a metered-dose inhaler through

a spacer (Volumatic; GlaxoSmithKline, Brentford, United Kingdom).

Biomarkers. Blood was drawn for full blood count and differential

(Sysmex, Mundelein, Ill). Serum IgE levels, high-sensitivity C-reactive

protein (hsCRP) levels (Roche modular, Indianapolis, Ind), and serum

Phadiatop (Phadia, Uppsala, Sweden) results were measured by using an

ELISA. Serum periostin levels were measured with a proprietary assay

(Genentech, South San Francisco, Calif) using the same antibodies previously

reported by Jia et al.14 Fraction of exhaled nitric oxide (FENO) values were

measured bymeans of chemiluminescencewith an online nitric oxidemonitor

(NiOX; Aerocrine AB, Solna, Sweden), according to ATS guidelines.15

Disease control and health status. Respiratory health status
and disease control were assessed by using the Asthma Control Questionnaire

(ACQ-7)16 and the New Zealand version of the St George Respiratory Ques-

tionnaire (SGRQ), which has been validated for use in both asthmatic patients

and those with COPD.17

Phase 3
Participants were enrolled in an open-label ICS trial if they had received no

oral or inhaled steroids in the last 90 days. Participants self-administered 400

mg of budesonide twice daily through a Turbuhaler (AstraZeneca Limited,

Auckland, New Zealand) for 12 weeks before repeat testing. Investigators and

participants were blind to cluster allocation at the time of testing.

Statistical analysis
Phases 1 and 2. Research participant characteristics and question-

naire response rates are described by using simple data summaries. The main

analysis for phase 2 was phenotype description by means of cluster analysis.

Hierarchical cluster analysis was performed on all participants with complete

data for the selected cluster analysis variables by using the Agnes and Diana

algorithms and Gower distance metric (R package ‘‘cluster’’), as previously

described.18 The Ward minimum variance method was applied to the Agnes

algorithm because this is less affected by random variation, or noise, in the

data set.19 The cluster analysis used 13 variables (Table I) chosen to represent

multiple dimensions of airways disease, including airflow obstruction, vari-

ability, parenchymal damage, symptoms, risk factors, and inflammatory bio-

markers. The number of potential clusters was determined by establishing

cut points for the dendrograms, with a preference for at least 30 participants

in the smallest cluster to provide explanatory power for the ICS responsiveness

analysis. Consistency of cluster descriptions was explored by repeating the

cluster analysis with an alternate distance metric, the Euclidean distance. If

cluster solutions differed, priority was given to the solution that met the

preferred size criterion and appeared to describe clinically coherent disease

patterns. Data summaries were calculated by cluster group for the 13 variables

used in the cluster analysis and for a wider panel of additional descriptor vari-

ables. Bronchodilator reversibility to salbutamol and ipratropium for each

cluster group, measured as the percentage change in FEV1 from baseline

and absolute change in liters, was analyzed by means of ANOVA.

A classification tree was developed to allow prediction of cluster group

membership, with cluster analysis variables as potential predictors.11 This

used the R package rpart and tree-pruning with 10-fold cross-validation

with the 1 2 SE approach.

Phase 3. The ACQ-7 score after 12 weeks of ICS treatment was used as

the main response variable in mixed linear models to compare mean ACQ-7

scores between clusters adjusted for baseline. The models used a main effect

for visit and cluster and a visit-cluster interaction term. Participants were

treated as random effects to take account of repeatedmeasures. Other response

variables were total SGRQ score, peak flow variability, FENO value, FEV1

(percent predicted), and difference in severe adverse events between clusters.

The cluster with the least severe airways obstruction (based on FEV1 percent

predicted) was selected as the reference for this analysis.

Sample size. The sample size was calculated to detect a difference of

0.5 units on the ACQ-7 (ie, theminimal clinically important differencewith an

SD of 0.5 based on a published study of eosinophilic versus noneosinophilic

asthma20) with 80% power and an a value of 5%. Our assumptions were that

enrollment of 450 participants in phase 2 would ensure that 16 steroid-naive

participants from each cluster would be enrolled in the ICS trial.

RESULTS

Screening and enrollment
Participant flow through the study is shown in Fig 1. Of 16,459

subjects, 11,397 (69.2%) responded to the questionnaire, and
1,264 (14.8%) of 8,563 respondents with completed question-
naires had wheeze and breathlessness in the last 12 months and
were invited to attend for detailed evaluation. Four hundred
fifty-one participants were enrolled in phase 2, and 389 (86.3%)
had complete data. A description of the 389 participants included
in the cluster analysis is shown in Table I.

Cluster analysis
Cluster analysis with the Agnes-Gower-Ward method

described 5 groups, which showed different patterns when
characterized by using the 13 cluster variables (Table I) and other
phenotypic descriptors (Table II). Comparison with alternative
5-cluster solutions generated by using the Diana algorithm or
the Euclidean distance metric showed similar overall clinical
phenotypes, with differences in cluster size and the magnitude
of separation for specific variables (see this article’s Online
Repository). Not all groups within the alternative solutions met
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the size criteria, and therefore the Agnes-Gower-Ward clusters
were used for phenotype description and ICS responsiveness
analyses.

Clusters A and D were characterized by early-onset disease
with evidence of atopy, increased FENO values, and high rates of
eczema and rhinitis separated by severity of obstruction, magni-
tude of bronchodilator responsiveness, and peak flow variability
and might represent moderate-to-severe (A) and mild (D) atopic
asthma, respectively.

Cluster B was characterized by late-onset disease with
moderate-to-severe obstruction, hyperinflation, marked broncho-
dilator reversibility and peak flow variability, reduced transfer
factor, and increased IgE levels but low FENO values in smokers.
This group had the worst symptom control and health status and
might represent an asthma-COPD overlap group.

Cluster C was characterized by obesity and late-onset disease,
with preserved lung function but poor health status, multiple
comorbidities, and an increased hsCRP level, representing an
obese comorbid phenotype.

Cluster E is a group with mild adult-onset disease and normal
lung function who might have intermittent disease. This mild
intermittent disease cluster was used as a reference group for the
ICS responsiveness analyses.

Mean serum IgE levels were increased in all cluster groups
compared with the local reference range (<100 IU/L). The 2
childhood-onset asthma phenotypes had the highest serum IgE
levels, FENO values, and proportion with positive Phadiatop re-
sults. Periostin levels and blood eosinophil numbers were highest
in the severe atopic asthma phenotype. The overlap and obese-
comorbid phenotypes had the highest neutrophil counts and
hsCRP levels, respectively, which is consistent with systemic
inflammation.

Medication responsiveness
Short-acting b-agonist and antimuscarinic respon-

siveness. For further information on short-acting b-agonist and
antimuscarinic responsiveness, see Tables I-III. Bronchodilation

TABLE I. Baseline characteristics and cluster analysis variables by cluster allocation

Variable

All participants*

(n 5 389)

Cluster

A: Moderate-to-severe

atopic asthma (n 5 59)

B: Asthma-COPD

overlap (n 5 34)

C: Obese/comorbid

(n 5 61)

D: Mild atopic

asthma (n 5 155)

E: Mild-intermittent

(n 5 80)

FEV1 (% predicted)� 81.7 (19.0) 59.9 (15.0) 62.0 (24.8) 80.9 (13.4) 89.4 (12.2) 92.0 (13.0)

FEV1/FVC ratio (%)� 70.3 (12.5) 56.0 (9.3) 51.5 (15.2) 74.0 (6.5) 76.6 (7.8) 73.6 (7.1)

FRC (% predicted)� 93.5 (26.2) 113.9 (25.2) 133.5 (35.9) 75.9 (14.5) 86.0 (16.2) 89.5 (18.0)

Reversibility (% change) 10.0 (11.8) 24.1 (18.7) 16.4 (12.4) 5.7 (5.3) 6.9 (5.8) 6.2 (8.1)

PEF variability§ 20.7 (12.6) 33.3 (15.3) 34.1 (15.2) 18.8 (8.1) 15.9 (7.5) 16.7 (9.6)

KCO (% predicted)� 99.1 (17.4) 99.4 (18.7) 73.5 (21.3) 106.8 (13.9) 102.0 (13.3) 98.4 (14.5)

FENO (ppb)k 33.7 (35.2) 42.1 (41.2) 12.3 (8.3) 21.2 (20.4) 42.7 (41.3) 28.9 (24.6)

Log FENO 3.15 (0.84) 3.4 (0.8) 2.3 (0.6) 2.8 (0.7) 3.4 (0.8) 3.1 (0.7)

IgE (IU/L)k 343 (1162) 452 (1103) 397 (872) 203 (663) 428 (1543) 181 (617)

Log IgE 4.32 (1.77) 5.0 (1.7) 4.5 (1.8) 3.6 (1.8) 4.6 (1.7) 3.8 (1.6)

hsCRP (mg/L)k 2.88 (4.43) 3.3 (6.4) 2.7 (2.7) 4.0 (2.9) 2.9 (5.2) 1.7 (1.2)

Log hsCRP 0.59 (0.89) 0.5 (1.0) 0.7 (0.7) 1.1 (0.8) 0.5 (0.9) 0.3 (0.7)

Age of onset (y) 23.8 (19.1) 11.5 (10.5) 35.5 (19.8) 32.6 (15.9) 11.1 (9.8) 42.8 (11.7)

BMI (kg/m2) 28.6 (6.6) 26.5 (5.4) 26.2 (4.3) 36.3 (6.0) 27.3 (6.4) 27.6 (4.5)

SGRQ score 23.7 (16.8) 26.2 (15.0) 43.6 (16.8) 35.3 (15.1) 15.3 (10.6) 20.8 (16.8)

Smoking (pack years) 8.20 (15.1) 4.4 (5.9) 35.5 (17.8) 14.7 (18.8) 1.3 (3.8) 7.9 (12.9)

Moderate-to-severe atopic asthma Asthma-COPD overlap Obese-comorbid Mild atopic asthma Mild intermittent

FEV1 (% predicted)� 2 2 2 2 d d 1
FEV1/FVC ratio (%)� 2 2 2 2 d d d

FRC (% predicted)� 1 1 1 1 2 d d

Reversibility (% change) 1 1 1 1 2 2 2 2 2 2
PEF variability§ 1 1 1 1 d 2 2 2 2
KCO (% predicted)� d 2 2 d d d

Log FENO d 2 2 2 d d

Log IgE 1 d 2 d 2
Log hsCRP 2 1 1 1 2 2 2
Age of onset (y) 2 2 1 1 1 1 2 2 1 1
BMI (kg/m2) d d 1 1 d d

SGRQ score 1 1 1 1 1 2 2 2
Smoking (pack years) 2 2 1 1 1 1 2 2 d

Compared with overall mean value of all participants as reference: 1 1, Greater than 20% above the overall mean value; 1, greater than 10% and less than 20% above the overall

mean value; d, within 10% of the overall mean value; 2, greater than 10% and less than 20% below the overall mean value; 2 2, greater than 20% below the overall mean value.

Age of onset, Age at onset of respiratory symptoms; BMI, body mass index; FRC, functional residual capacity; FVC, forced vital capacity; KCO, transfer factor adjusted for lung

volume and corrected for hemoglobin; PEF, peak expiratory flow.

*Denotes all participants included in the cluster analysis. Values are reported as means (SDs).

�Prebronchodilator.
�Postbronchodilator.
§Peak expiratory flow variability: peak flow variability expressed as a percentage of the mean.

kIgE, FENO, and hsCRP values were log-transformed for the cluster analysis, but nontransformed values are presented here for ease of interpretation.
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after salbutamol was equal to or greater than that after ipratropium
for all phenotypes, so that no phenotype showed a greater mean
response to ipratropium than salbutamol. The moderate-to-
severe atopic asthma and overlap phenotypes showed greater
bronchodilator reversibility, expressed as FEV1 percent predicted
values, although the differences were lessmarkedwhen expressed
as absolute change from baseline.

ICS responsiveness. The characteristics of the 168 partic-
ipants who undertook the ICS responsiveness trial are shown in
this article’s Online Repository (Table E6). Data from 127 partic-
ipants were analyzed (see Fig 1). There was no evidence of a sig-
nificant difference in change in ACQ-7 scores between the
clusters (Table III). There was evidence of a significant difference
between clusters for change in SGRQ score (P 5 .005) and peak
flow variability (P < .001). Relative to the reference cluster (mild
intermittent), the mean improvement in SGRQ score was signifi-
cantly greater in the overlap, (8.2; 95% CI, 2.2-14.2; P 5 .008)

and obese-comorbid (9.5; 95% CI, 4.2-14.8; P < .001) pheno-
types, with point estimates consistent with greater improvement
for the mild and moderate-to-severe asthma phenotypes (4.2
[95% CI, 20.1 to 8.4; P 5 .054] and 7.2 [95% CI, 20.2 to
14.6; P5 .057], respectively). Reduction in peak flow variability
was significantly greater relative to the reference group in the
overlap (6.8; 95% CI, 0.7-12.9; P 5 .028) and moderate-to-
severe atopic asthma (17.9; 95% CI, 10.6-25.2; P < .001) pheno-
types and less for the obese-comorbid phenotype (25.4; 95% CI,
210.6 to 20.1; P 5 .044). Change with ICS therapy was not
significantly different between the groups for FEV1, FENO values,
or severe adverse events.

Allocation rule
A classification tree based on age of onset, body mass index,

and FEV1 percent predicted allocated participants to their

16,459
Screening Questionnaires

11,397
Responses received

8,563
Completed questionnaires

1,264
Eligible for Phase2

451
Recruited into Phase2

2,658 “Not known at this address”
35 Deceased
76 Spoiled/blank questionnaire
65 Missing eligibility information

5,062 Did not respond

7,364 Not symptomatic therefore ineligible for Phase2

10 Excluded post consent
23 Withdrew during phase2 (participant choice)

9 Excluded by telephone
2 Excluded at V1 prior to enrolment
802 Chosenot to participate/recruitment complete

prior to attendance

418
Completed Phase2

168
Enrolled in Phase3

194 Not eligible for Phase3 ason steroids
56 Eligiblebut chosenot to participate

148
Attended final visit

20 Withdrew before final visit (participant choice)
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127
Included in ICS analysis

13 Not in cluster analysis due to missing data
5 Took less than 6 weeks ICS
3 Final visit >6 monthsafter Phase2

389 Complete data for cluster analysis† 

FIG 1. Study flow diagram. Twenty-nine of the 418 participants who completed phase 2 weremissing data for

1 or more of the 13 cluster analysis variables and therefore could not be included in the cluster analysis.
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assigned cluster with 75% accuracy (see Fig E5 in this article’s
Online Repository at www.jacionline.org). Additional variables
did not significantly improve classification accuracy. Cluster

separation was modest, reflecting the heterogeneity of obstructive
airways disease. Examination of clusters in a 3-dimensional
model (Fig 2) shows cluster groups based on allocation variables.

TABLE II. Phenotype description using additional analysis variables

Characteristic

Cluster

A: Moderate-to-severe

atopic asthma

B: Asthma-COPD

overlap

C: Obese-

comorbid

D: Mild atopic

asthma

E: Mild

intermittent

Demographics

Age (y) 53.4 (13.5) 56.1 (8.5) 53.8 (11.3) 40.1 (12.6) 55.8 (11.3)

Height (cm) 169.0 (9.5) 169.4 (9.0) 168.7 (9.3) 170.4 (8.8) 170.4 (8.0)

Sex (male) 24/59 (40.7) 22/34 (64.7) 27/61 (44.3) 67/155 (43.2) 40/80 (50.0)

Risk factors

Smoking status

Current smoker 6/59 (10.2) 22/34 (64.7) 11/61 (18.0) 11/155 (7.1) 8/80 (10.0)

Exsmoker 22/59 (37.3) 12/34 (35.3) 26/61 (42.6) 39/155 (25.2) 33/80 (41.3)

Never smoker 31/59 (52.5) 0/34 (0) 24/61 (39.3) 105/155 (67.7) 39/80 (48.8)

Biomass exposure 14/59 (23.7) 2/34 (5.9) 10/61 (16.4) 35/155 (22.6) 11/80 (13.8)

Occupational exposure 27/59 (45.8) 23/34 (67.6) 35/61 (57.4) 73/155 (47.1) 43/80 (53.8)

Previous respiratory diagnoses

Asthma 55/59 (93.2) 20/34 (58.8) 42/61 (68.9) 135/155 (87.1) 35/80 (43.8)

Chronic bronchitis 9/59 (15.3) 12/34 (35.3) 7/61 (11.5) 21/155 (13.5) 6/80 (7.5)

COPD 6/59 (10.2) 7/34 (20.6) 2/61 (3.3) 0/155 (0) 2/80 (2.5)

Emphysema 4/59 (6.8) 5/34 (14.7) 3/61 (4.9) 0/155 (0) 1/80 (1.3)

No prior diagnosis 3/59 (5.0) 8/34 (23.5) 17/61 (27.9) 17/155 (11.0) 43/80 (53.8)

Symptoms

Cough 34/59 (57.6) 24/34 (70.6) 43/61 (70.5) 62/155 (40.0) 41/80 (51.3)

Sputum 22/59 (37.3) 23/34 (67.7) 24/61 (39.3) 29/155 (18.7) 23/80 (28.8)

Rhinitis 43/59 (72.9) 19/34 (55.9) 39/61 (63.9) 137/155 (88.4) 50/80 (62.5)

GERD 24/59 (40.7) 17/34 (50.0) 35/61 (57.4) 56/155 (36.1) 46/80 (57.5)

ACQ-7 score 1.5 (0.8) 1.9 (1.0) 1.0 (0.7) 0.6 (0.5) 0.5 (0.5)

Atopy

Phadiatop (positive result) 50/59 (84.7) 15/34 (44.1) 24/61 (39.3) 121/155 (78.1) 33/80 (41.3)

Eczema diagnosis 36/59 (61.0) 13/34 (38.2) 28/61 (45.9) 97/155 (62.6) 39/80 (48.8)

Comorbidities

CVD 8/59 (13.6) 8/34 (23.5) 15/61 (24.6) 13/155 (8.4) 14/80 (17.5)

GERD 16/59 (27.1) 17/33 (51.5) 27/61 (44.3) 35/155 (22.6) 23/80 (28.8)

Diabetes 6/59 (10.2) 3/33 (9.1) 8/61 (13.1) 5/155 (3.2) 5/80 (6.3)

Depression or anxiety 7/59 (11.9) 8/33 (24.2) 22/61 (36.1) 49/154 (31.8) 22/80 (27.5)

Hypertension 14/58 (24.1) 9/33 (27.3) 32/61 (52.5) 25/130 (16.1) 22/80 (27.5)

Medication use in last 12 mo

Any inhaler 57/59 (96.6) 24/34 (70.6) 38/61 (62.3) 118/155 (76.1) 43/80 (53.8)

ICS 31/59 (52.5) 11/34 (32.4) 18/61 (29.5) 56/155 (36.1) 25/80 (31.3)

SABA use in 12 mo 52/59 (88.1) 20/34 (58.8) 37/61 (60.7) 114/155 (73.5) 38/80 (47.5)

Combination ICS/LABA 15/58 (25.9) 7/33 (21.2) 8/61 (13.1) 21/155 (13.5) 8/80 (10.0)

LABA use in 12 mo 10/58 (17.2) 5/34 (14.7) 5/61 (8.2) 9/155 (5.8) 5/80 (6.3)

LAMA use in 12 mo 5/58 (8.6) 2/34 (5.9) 0/61 (0) 0/155 (0) 0/80 (0)

GERD treatment 13/59 (22.0) 10/34 (29.4) 25/61 (41.0) 32/155 (20.6) 28/80 (35.0)

Health care use in last 12 mo

Oral steroid 11/58 (19.0) 5/34 (14.7) 9/61 (14.8) 15/154 (9.7) 9/80 (11.3)

Urgent ED/hospital visit 1/59 (1.7) 2/34 (5.9) 3/61 (4.9) 2/155 (1.3) 2/80 (2.5)

Courses of antibiotic 0.6 (0.8) 0.4 (0.7) 0.8 (1.3) 0.5 (0.8) 0.7 (1.0)

Chest infections 0.9 (1.0) 0.6 (0.7) 1.1 (1.5) 0.8 (1.0) 0.8 (1.1)

Lung function

MMEF25-75% (L/min) 32.2 (13.8) 31.6 (20.1) 74.1 (28.5) 81.5 (24.9) 84.8 (28.7)

TLC/RV 2.5 (0.6) 2.4 (0.7) 2.9 (0.6) 3.6 (0.8) 3.1 (0.7)

Conductance (1/[kPa$s])* 41.8 (19.1) 56.5 (51.6) 66.3 (19.9) 86.9 (43.7) 87.0 (51.3)

Biomarkers

Blood eosinophils (3109/L) 0.33 (0.31) 0.20 (0.12) 0.22 (0.18) 0.23 (0.15) 0.21 (0.14)

Blood neutrophils (3109/L) 4.0 (2.0) 4.6 (1.3) 4.1 (1.3) 3.8 (1.3) 3.8 (1.3)

Blood white cell count (3109/L) 7.4 (4.0) 7.8 (2.0) 7.4 (1.7) 6.9 (1.7) 6.9 (1.8)

Serum periostin (ng/mL) 63.8 (25.2) 56.1 (15.7) 51.7 (11.5) 57.6 (17.7) 56.9 (18.8)

Categorical variables are expressed as n/N (percentage). Continuous variables are expressed as mean (SDs).

CVD, Cardiovascular disease; ED, emergency department; GERD, gastroesophageal reflux disease; LABA, long-acting b-agonist; LAMA, long-acting antimuscarinic agonist;

MMEF25-75%, maximum midexpiratory flow; SABA, short-acting b-agonist; TLC/RV, total lung capacity/residual volume.

*Percent predicted.
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DISCUSSION
This study identified 5 phenotypes in adults with symptoms of

airflow obstruction. We confirmed the presence of an asthma-
COPD overlap group and identified 2 groups of childhood-onset

atopic asthma distinguished by severity; a symptomatic adult-
onset group associated with obesity, comorbidities and systemic
inflammation; and an adult-onset group with mild intermittent
disease. The responses to inhaled b-agonist, antimuscarinic, and

TABLE III. Medication responsiveness by phenotype*

Outcome

Cluster

P

valuey
A: Moderate-to-severe

atopic asthma

B: Asthma-COPD

overlap

C: Obese-

comorbid

D: Mild atopic

asthma

E: Mild-

intermittent

Bronchodilator reversibility to salbutamol n 5 59 n 5 34 n 5 61 n 5 155 n 5 80

FEV1 change (% of baseline) 24.1 (18.7) 16.4 (12.4) 5.7 (5.3) 6.9 (5.8) 6.2 (8.1) <.001

FEV1 change (L) 0.48 (0.36) 0.30 (0.20) 0.15 (0.14) 0.23 (0.19) 0.17 (0.22) <.001

Bronchodilator reversibility to ipratropium n 5 59 n 5 34 n 5 61 n 5 155 n 5 80

FEV1 change (% of baseline) 18.4 (15.3) 13.6 (10.5) 5.3 (6.2) 6.1 (5.4) 5.8 (6.2) <.001

FEV1 change (L) 0.35 (0.27) 0.26 (0.18) 0.15 (0.15) 0.20 (0.17) 0.16 (0.80) <.001

ICS responsiveness n 5 8 n 5 14 n 5 21 n 5 54 n 5 30

Change in ACQ-7 score 20.36 (0.69) 20.21 (0.50) 20.28 (0.65) 20.16 (0.34) 20.01 (0.75) .38

Change in SGRQ score 28.1 (11.0) 29.1 (12.6) 210.4 (12.4) 25.1 (5.1) 20.9 (11.0) .005

Change in PEF variability 222.2 (14.7) 29.7 (16.3) 1.1 (7.4) 24.1 (7.0) 24.4 (7.6) <.001

Change in log FENO 20.22 (0.33) 20.16 (0.35) 20.26 (0.65) 20.41 (0.56) 20.13 (0.46) .18

Change in FEV1 (% predicted) 1.8 (5.0) 1.4 (4.0) 0.6 (3.7) 0.5 (3.4) 0.5 (4.7) .88

Severe adverse events� 0/8 (0) 0/14 (0) 1/21 (4.8) 0/54 (0) 1/30 (3.3) .38

PEF, Peak expiratory flow.

*Values are reported as means (SDs), unless otherwise stated.

�P values were calculated by using ANOVA, with cluster groups as the explanatory variables and FEV1 change as the response variable.

�Values are reported as n/N (percentage), and P values were calculated by using the exact x2 test for association.

FIG 2. Three-dimensional scatter plot of clusters: yellow, asthma-COPD overlap group; blue, moderate-to-

severe, childhood-onset atopic asthma; green, mild, childhood-onset, atopic asthma; red, obese with co-

morbidities; white, mild, reference group. The figure shows a 3-dimensional model in which each of the

389 subjects in the cluster analysis is represented by a sphere. The color of the sphere indicates the assigned

phenotype. The axes are those used in the allocation rule: FEV1 percent predicted, age of onset, and body

mass index. Examination of the model in different planes highlights that the obese-comorbid group sepa-

rates out on bodymass index, whereas the remaining 4 clusters are differentiated based on age of onset and

disease severity.
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corticosteroid treatments differed between phenotypes and might
form the basis of phenotype-specific recommendations. In
particular, the findings from the ICS trial suggest that the
asthma-COPD overlap and obese-comorbid groups might repre-
sent steroid-responsive phenotypes.

The asthma-COPD overlap group7,18,21 has features of atopic
asthma, with marked variability in airflow obstruction, emphy-
sema, and chronic bronchitis in current smokers or exsmokers.
This group had the most severe airflow obstruction, lies within
the spectrum of the asthma-COPD overlap syndrome (ACOS),22

and is clinically important because it is associated with consider-
able morbidity and increased health care use, yet there is a limited
evidence base for treatment.3 Typically, those in this overlap group
are excluded frommajor asthma trials based on their smoking his-
tory and from major COPD trials because of their marked bron-
chodilator reversibility.6,23,24 We have demonstrated that this
group benefits from ICS treatment and has marked bronchodilator
reversibility to both inhaled b-agonist and antimuscarinic therapy,
with b-agonists having a modestly greater bronchodilator efficacy.
The novel findings regarding the steroid responsiveness of this
overlap group are potentially important because many patients
with this phenotype are currently being treated according to
COPD guidelines in view of their incompletely reversible airflow
obstruction, reduced transfer factor values, and smoking histories.
The recent combined statement by the Global Initiative for
Asthma and Global Initiative for COPD22 has recommended that
patients with ACOS should all receive ICSs in view of the known
risk of severe exacerbations or death in patients with uncontrolled
asthma. Our findings support this strategy. However, we would
argue that randomized controlled trials to determine the ICS
dose response in this group should be a priority for future research.

We also found a phenotype with adult-onset disease, obesity,
systemic inflammation, and multiple comorbidities. In contrast to
previous cluster analyses, in patients with severe asthma,10,25 we
did not find a marked female predominance. The group had
marked respiratory disability discordant with their moderate
airflow obstruction and minimal bronchodilator responsiveness
to b-agonist and antimuscarinic treatments. We found marked
improvement in SGRQ scores but not peak flow variability after
12 weeks of ICS treatment. The improvement in SGRQ scores
was observed across all domains and was 2.5-fold greater than
the minimal clinically important difference. This finding is
consistent with a retrospective analysis that reported a significant
ICS response in patients with late-onset asthma with obesity but
not early-onset asthma with obesity.26 The recent report that
sputum IL-5 levels and submucosal eosinophil numbers, but not
sputum eosinophil numbers, are increased in obese patients
with severe asthma is consistent with our findings of a low
FENO value yet steroid-responsive disease.27 High rates of cardio-
vascular and metabolic comorbidity and symptoms of depression
and anxiety suggest that treatment of these comorbidities needs to
be considered.

The 2 clusters of childhood-onset disease were consistent with
atopic asthma distinguished by severity, with the severe group
having a greater response to ICS, b-agonist, and antimuscarinic
therapy. The fifth phenotype was consistent with adult-onset
disease with mild or intermittent airflow obstruction.

Mean serum IgE levels were increased in all clusters, possibly
because of either a central role of atopy in the pathogenesis of the
disorders of airways obstruction across the spectrum of pheno-
types28 or the effects of smoking,29 particularly in the overlap and

obese-comorbid groups. However the FENO value, a marker of
eosinophilic airways inflammation,30 and positive Phadiatop
results, a marker of atopy,31 were increased in the 2 childhood-
onset clusters but not the 3 adult-onset clusters. Levels of perios-
tin, an IL-13–related marker of TH2 immune response,14,32 were
highest in the severe childhood-onset asthma phenotype.

Our allocation rule suggests that simple clinical features can
allocate most adults with airflow obstruction to identified clusters.
Our allocation rule has a similar performance to that of Moore
et al25 and shared 2 of the 3 variables, FEV1 and age of onset, that
discriminated between different patterns of disease. The modest
cluster separation, as seen in Fig 2, is also consistent with pheno-
types identified in this study representing groupings within a con-
tinuum of disease rather than clear-cut entities.

Methodological decisions might affect the results of cluster
analyses and are relevant to the interpretation of the study
findings.33 Cluster analysis is an exploratory technique that will
define groups in any data set regardless of the underlying struc-
ture,8 and the extent to which our clusters represent meaningful
phenotypes must be judged from their clinical coherence, differ-
ences in treatment outcomes, longitudinal stability, and the con-
sistency with which they are reproduced in studies of different
populations.1-4,34 For example, differences in reversibility to sal-
butamol between groups are to be expected given the use of per-
centage of reversibility as a cluster variable. That these
differences are of clinical relevance rather than chance findings
is determined by examining the broader characteristics of each
cluster and recognizing a clinically consistent pattern, such as
atopic asthma. We studied a large random population sample of
adults aged 18 to 75 years reporting recent wheeze and breathless-
ness. This approach reduces bias from predetermined diagnostic
labels of asthma and COPD and ensured findings generalizable
to a primary care population. Limiting the number of specific
cluster variables to 13 avoided use of multiple related variables
measuring similar characteristics. We used more than 1 clustering
methodology, and the description of similar patterns with the
different approaches suggests that these represent robust pheno-
types in our population. However, phenotype identification using
our methods is limited to the extent that different genetic and
pathophysiologic mechanisms might lead to the same or similar
phenotypic expression.35 We have demonstrated a difference in
treatment responsiveness between phenotypes; however, these
findings require replication in randomized controlled trials.

The ICS-responsiveness phase of the study in steroid-naive
subjects was open label. Therefore our estimates of ICS response
are potentially open to bias, such as regression to the mean, in the
absence of a treatment control. We attempted to reduce the
potential effects of bias by masking investigators and participants
to cluster allocation, which was only determined at study’s end. In
the ICS trial, 800 mg/d budesonide was administered because this
represents the dose that achieves the maximum obtainable
therapeutic benefit in asthmatic patients.36 A range of clinical
outcome variables was assessed, encompassing measures of lung
function, asthma control, and airways inflammation. Although
the 12-week therapeutic trial was not designed to allow assessment
of the effect on severe exacerbations in the different phenotypes,
the clinical outcome variables used are validated predictors of
future exacerbation risk.37 A related issue inherent in cluster ana-
lyses is the influence of previous and concurrent ICS treatment on
some of the key variables used in the cluster analysis, illustrating
the potentially dynamic nature of grouping into phenotypes in
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response to both treatment and the natural history of disease. The
similar mean age of subjects between phenotypes suggests
different patterns of disease rather than the same phenotype tested
at different stages in its natural history.

We did not assess responses to novel mAb therapies developed
for the treatment of patients with severe asthma identified based
on specific clinical features or a specific biomarker pro-
file.5,31,38-40 The decision to assess the responsiveness to ICS,
b-agonist, and antimuscarinic treatments recognized their funda-
mental role in the treatment of both asthma and COPD across the
severity spectrum. This approach enabled us to demonstrate that
both the asthma-COPD overlap and obese-comorbid phenotypes
responded to ICS therapy and that bronchodilation after short-
acting b-agonist treatment was similar to or greater than that after
short-acting antimuscarinic treatment for all phenotypes. The
novel finding of steroid responsiveness in the asthma-COPD over-
lap and obese-comorbid phenotypes requires validation in ran-
domized controlled trials but would suggest that patients with
these phenotypes might benefit from treatment along asthma
pathways.

In conclusion, our cluster analysis of patients with symptoms of
airflow obstruction identified 5 disease phenotypes, including an
asthma-COPD overlap and an obesity-comorbid phenotype. We
provide data on their responsiveness to ICS, b-agonist, and
antimuscarinic treatments. Our findings provide support for the
recommendation to prescribe ICSs in patients with ACOS.
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The NZRHS Study Group, list of investigators:

Steering Committee:
James Fingleton (clinical coordinating investigator), Justin Travers, Mark Weatherall
(study biostatistician), Richard Beasley (principal investigator);

Wellington (MRINZ): Mathew Williams, Philippa Shirtcliffe (designated safety
reviewer), Thomas Charles, Darren Bowles, Rianne Strik, Natalie Dooney, Tanya
Baker, Mitesh Patel, Mark Holliday, Maureen Stretch, Alison Pritchard, Denise Fabian,
Claire Munro, Alexander Hosking, Alex Brinded.

Wellington (University of Otago Wellington): Gordon Purdie.
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Cluster Analysis details

Cluster analysis was performed using all subjects with complete data for the 13 selected
variables. As this study builds on a previously reported study, the Wellington Respiratory
Survey (WRS), the methodology used was similar to that reported by Weatherall et al. (1).
Hierarchical cluster analysis was applied, with both agglomerative (‘Agnes’) and divisive
(‘Diana’) algorithms contained within the open-source R statistical software package
‘Cluster’ (R version 2.15.2, R statistical software, Auckland, NZ).

The previous analysis by Weatherall et al. (1) utilised the Gower distance measure as this
is meaningful in the context of categorical and continuous measures. This was replicated in
the current analysis but, as the variables in the NZRHS are all continuous, the cluster
analyses were repeated using the Euclidean distance metric to allow comparison of the
results and investigation of the extent to which the methodology used affects the clusters
described. Both distance measures are available through the R function ‘Daisy’. Ward’s
minimum variance methodology,(2-4) which aims to minimise the variation within a cluster,
was utilised for the agglomerative algorithm as this method may have the advantage of
being less affected by random variation, or ‘noise’, in the dataset. These choices meant that
a total of 4 cluster analysis variants were explored:

 Agnes–Gower–Ward
 Agnes–Euclidean–Ward
 Diana–Euclidean
 Diana–Gower

In order to compare response to inhaled corticosteroid (ICS), an estimated minimum
cluster size of 30 was required in the sample size calculation. Therefore cluster solutions
with a minimum size 30 or more were selected where two methods gave otherwise
comparable results. Each solution was examined for group size and clinical coherence
before the preferred solution was selected for phenotype description.
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Agnes–Gower–Ward Solution

The dendrogram generated by the AGglomerative NESting (AGNES) algorithm using
Ward’s method and the Gower distance metric is shown in Figure E1. Cluster solutions with
up to five clusters had more than 30 participants in the smallest group, whereas moving to a
six cluster solution lead to one cluster containing only nine participants. Four and five
cluster solutions were compared using cluster analysis variables (Table E1 and Table E2 ).

Figure E1. Dendrogram for Agnes-Gower-Ward solution
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Table E1. Characteristics of Agnes-Gower-Ward 4 cluster solution

Variable Cluster
1 2 3 4

N=34 N=59 N=141 N=155
FEV1 (% predicted) † 62.02(4.8) 59.9 (15.0) 87.2 (14.2) 89.4 (12.2)
FEV1/FVC ratio (%) † 51.5 (15.2) 56.0 (9.3) 73.9 (6.8) 76.6 (7.8)
FRC (% predicted) † 133.5 (35.9) 113.9 (25.2) 83.6 (17.9) 86.0 (16.2)
Reversibility 16.4 (12.4) 24.1 (18.7) 6.0 (7.0) 6.9 (5.8)
PEF Variability 34.1 (15.2) 33.3 (15.3) 17.6 (9.0) 15.9 (7.5)
KCO (% predicted) ‡ 73.5 (21.3) 99.4 (18.7) 102.0 (14.8) 102.0 (13.3)
FeNO 12.3 (8.3) 42.1 (41.2) 25.6 (23.1) 42.7 (41.3)
IgE 397 (72) 452 (1103) 190 (635) 428 (1543)
hsCRP 2.7 (2.7) 3.3 (6.4) 2.7 (2.4) 2.9 (5.2)
Age of Onset 35.5 (19.8) 11.5 (10.5) 40.1 (15.1) 11.1 (9.8)
BMI 26.2 (4.3) 26.5 (5.4) 31.4 (6.7) 27.3 (6.4)
SGRQ 43.6 (16.8) 26.2 (15.0) 27.0 (17.6) 15.3 (10.6)
Pack years 35.55 (17.8) 4.4 (9.0) 10.8 (16.1) 1.3 (3.8)
*Denotes all participants included in the cluster analysis. Values are reported as mean
(SD).
†pre–bronchodilator; ‡post–bronchodilator and corrected for hemoglobin. FEV1: forced
expiratory volume in 1 s; FVC: forced vital capacity; FRC: functional residual capacity;
KCO: carbon monoxide uptake from the lung; IgE: immunoglobulin; FeNO: exhaled nitric
oxide fraction.

Table E2. Characteristics of Agnes-Gower-Ward 5 cluster solution
Variable Cluster

A B C D E
N=59 N=34 N=61 N=155 N=80

FEV1 (% predicted) † 59.9 (15.0) 62.0 (24.8) 80.9 (13.4) 89.4 (12.2) 92.0 (13.0)
FEV1/FVC ratio (%) † 56.0 (9.3) 51.5 (15.2) 74.0 (6.5) 76.6 (7.8) 73.6 (7.1)

FRC (% predicted) † 113.9 (25.2) 133.5
(35.9) 75.9 (14.5) 86.0 (16.2) 89.5 (18.0)

Reversibility 24.1 (18.7) 16.4 (12.4) 5.7 (5.3) 6.9 (5.8) 6.2 (8.1)
PEF Variability 33.3 (15.3) 34.1 (15.2) 18.8 (8.1) 15.9 (7.5) 16.7 (9.6)
KCO (% predicted) ‡ 99.4 (18.7) 73.5 (21.3) 106.8 (13.9) 102.0 (13.3) 98.4 (14.5)
FeNO 42.1 (41.2) 12.3 (8.3) 21.2 (20.4) 42.7 (41.3) 28.9 (24.6)
IgE 452 (1103) 397 (872) 203 (663) 428 (1543) 181 (617)
hsCRP 3.3 (6.4) 2.7 (2.7) 4.0 (2.9) 2.9 (5.2) 1.7 (1.2)
Age of Onset 11.5 (10.5) 35.5 (19.8) 32.6 (15.9) 11.1 (9.8) 42.8 (11.7)
BMI 26.5 (5.4) 26.2 (4.3) 36.3 (6.0) 27.3 (6.4) 27.6 (4.5)
SGRQ 26.2 (15.0) 43.6 (16.8) 35.3 (15.1) 15.3 (10.6) 20.8 (16.8)
Pack years 4.4 (5.9) 35.5 (17.8) 14.7 (18.8) 1.3 (3.8) 7.9 (12.9)
Legend as for Table S1

Clusters containing 155, 59 and 34 participants were present in both Agnes–Gower–
Ward 4 (AGW4) and Agnes–Gower–Ward 5 (AGW5) solutions. The cluster of 34
participants was characterised by late onset disease with moderate to severe obstruction,
hyperinflation, marked bronchodilator reversibility and peak flow variability, raised IgE but
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low FeNO and reduced transfer factor in smokers. This group had the worst health status
and the pattern would be consistent with an asthma/COPD overlap group.

The clusters with 155 and 59 participants have early-onset disease with  evidence  of
atopy  and  raised  FeNO,  separated  by  severity  of obstruction. These may represent mild
(155 subjects) and moderate to severe (59 subjects) atopic childhood-onset asthma
respectively.

Examining the AGW4 solution, the cluster of 141 subjects did not have a clearly
recognisable clinical pattern. Age of onset was relatively late, but the majority of other
variables had intermediate values of unclear significance. However in the  AGW5 solution
the  cluster  of 141 separates into two groups; a group of 80 participants with mild, adult-
onset disease and normal lung function, and a group of 61 people characterized by obesity
and late onset disease with relatively preserved lung function but poor health status and an
elevated hsCRP suggestive of systemic inflammation. The two groups show clear
separation on the majority of cluster variables.

In light of the clear, clinically coherent, differences between the groups identified by the
AGW5 solution and because it fulfilled the preferred size criteria, this was chosen as the
solution to be used for phenotype description and ICS responsiveness analyses. The
minimal disease group (cluster E) was used as a reference group for ICS responsiveness.
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Agnes–Euclidean–Ward solution

The dendrogram generated by the AGNES algorithm using Ward’s method and
Euclidean distance metric is shown in Figure E2. The solutions with 3 or  more  clusters  did
not  fulfil  the size criteria and so was not the preferred solution for phenotypic description.
The five cluster solution was therefore characterised to assess consistency with the AGW5
clusters (Table E3).

Figure E2. Dendrogram for Agnes-Euclidean-Ward solution

Table E3. Characteristics of Agnes-Euclidean-Ward 5 cluster solution
Variable Cluster

1 2 3 4 5
N=14 N=89 N=99 N=43 N=144

FEV1 (% predicted) † 34.3 (6.4) 59.4 (9.5) 73.3 (7.4) 74.5 (6.3) 77.2 (7.4)
FEV1/FVC ratio (%) † 30.9 (8.2) 67.6 (14.8) 91.8 (14.2) 81.5 (11.3) 88.6 (12.8)
FRC (% predicted) † 173.6 (24.1) 112.1 (20.0) 89.1 (16.3) 73.5 (11.6) 83.3 (16.0)
Reversibility 37.3 (27.7) 17.1 (12.3) 6.5 (8.3) 5.2 (4.9) 6.9 (5.7)
PEF Variability 38.1 (15.5) 31.6 (15.1) 15.8 (7.4) 21.5 (9.2) 15.5 (7.8)
KCO (% predicted) ‡ 63.5 (25.7) 93.3 (17.9) 98.8 (14.4) 110.4 (12.1) 103.0 (13.6)
FeNO 33.2 (39.9) 36.0 (39.6) 31.0 (30.2) 22.9 (22.1) 37.5 (37.6)
IgE 727 (2109) 402 (718) 243 (796) 170 (424) 389 (1556)
hsCRP 7.6 (11.9) 2.9 (4.6) 2.0 (1.6) 3.4 (2.7) 2.8 (4.6)
Age of Onset 38.2 (19.1) 19.2 (17.1) 41.7 (11.9) 37.3 (18.4) 8.9 (7.1)
BMI 24.1 (5.5) 27.7 (6.8) 28.9 (5.2) 35.3 (7.2) 27.3 (5.8)
SGRQ 45.6 (20.3) 30.5 (16.0) 19.1 (14.5) 43.0 (13.1) 14.8 (9.7)
Pack years 27.6 (27.9) 13.8 (17.4) 6.7 (10.4) 16.0 (22.1) 1.5 (4.4)
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Legend as for Table E1

The overall pattern of the five clusters was the same as for the AGW5 solution, and the
same five phenotypes were identified: Asthma/COPD overlap, moderate-severe young
onset atopic asthma, mild reference group, obese with co-morbidities, and mild young onset
atopic asthma.

There were some differences due to the different proportions in each cluster. The overlap
group had more severe airflow obstruction, suggesting this was a severe subgroup of the
overlap group. Mean hsCRP was relatively high, 7.6 (11.9), but on examination this was
due to two outlier readings affecting the mean due to the relative small cluster size. The
median hsCRP in this group was 2.8. Separation of clusters by FeNO was less marked than
in the AGW5 solution but overall the Agnes–Euclidean–Ward 5 and AGW5 solutions were
similar.
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Diana–Euclidean solution

The dendrogram generated by the DIANA algorithm with Euclidean distance metric is
shown in Figure E3. Only two and three cluster solutions had more than 10 participants in
each cluster, the was used for examination of cluster characteristics (Table E4).

Figure E3. Dendrogram for Diana-Euclidean solution

Table E4. Characteristics of Diana-Euclidean 3 cluster solution
Variable Cluster

1 2 3
N=16 N=10 N=363

FEV1 (% predicted) † 41.5 (13.3) 45.5 (6.8) 72.5 (9.6)
FEV1/FVC ratio (%) † 44.3 (22.6) 45.4 (13.9) 84.8 (15.3)
FRC (% predicted) † 160.4 (30.2) 143.7 (16.5) 88.5 (18.9)
Reversibility 20.5 (13.6) 38.1 (31.8) 8.6 (8.8)
PEF Variability 30.9 (16.5) 39.9 (17.5) 19.6 (11.4)
KCO (% predicted) ‡ 60.1 (18.3) 91.7 (23.0) 101.3 (14.6)
FeNO 16.0 (15.1) 44.5 (41.4) 34.3 (35.4)
IgE 399 (1083) 860 (2263) 323 (1114)
hsCRP 5.4 (9.7) 5.3 (6.9) 2.7 (3.8)
Age of Onset 42.1 (15.5) 16.7 (17.1) 23.1 (18.9)
BMI 25.5 (5.2) 24.7 (4.3) 28.8 (6.6)
SGRQ 47.5 (16.7) 43.2 (15.1) 21.8 (15.5)
Pack years 38.9 (21.2) 7.9 (12.8) 6.7 (13.0)
Legend as for Table E1
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Cluster one may be characterised as severe obstruction with late onset disease and
reduced transfer factor. Participants have a low FeNO and a significant smoking history but
elevated IgE and marked reversibility. This is the same pattern of disease seen in cluster B
for the AGW5 solution and would therefore be consistent with the overlap group.

Cluster two also has severe obstruction with marked reversibility, but with an earlier
onset, less than 10 pack year smoking history, elevated FeNO and a very high IgE. This
group may be characterised as severe asthma with evidence of atopy, and therefore has a
similar pattern to cluster A in AGW5.

Cluster three contains the majority of participants and therefore has characteristics very
similar to the mean for all participants, with the exception of lower reversibility and less
cigarette exposure. It is not clear that this represents a distinct phenotypic group and is
probably an aggregation of more than one pattern of airways disease.

As this three cluster solution did not meet the pre-specified size criteria it was not used
for further analysis.
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Diana-Gower solution

The dendrogram generated by the DIANA algorithm with Gower distance metric is shown
in Figure E4. Division in to two or more clusters meant that there were less than 30
participants in one or more clusters and this was therefore not the preferred solution for
phenotype description.

Figure E4. Dendrogram for Diana-Gower solution

As an exploratory analysis, the characteristics of the five cluster solution were explored
and compared with the AGW5 solution (Table E5). The Diana–Gower 5 cluster solution
showed comparable patterns to those seen with the Agnes–Gower–Ward (AGW) approach.
The 16 participant cluster had characteristics similar to the AGW5 overlap group; severe
obstruction with reduced transfer factor and significant smoking history, but marked
variability and raised IgE.
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Table E5. Characteristics of Diana-Gower 5 cluster solution

Variable Cluster
1 2 3 4 5

N=16 N=10 N=21 N=247 N=95
FEV1 (% predicted) † 38.4 (10.4) 42.4 (5.3) 77.4 (7.0) 72.5 (10.1) 71.2 (8.0)
FEV1/FVC ratio (%) † 37.9 (14.7) 40.4 (12.6) 79.2 (14.1) 85.1 (15.6) 85.3 (14.3)

FRC (% predicted) † 158.7 (31.4) 148.0
(21.8)

72.3 (18.2) 91.8 (19.7) 85.9 (18.3)

Reversibility 22.7 (14.8) 36.1 (35.1) 7.8 (7.7) 9.9 (9.7) 5.9 (6.7)
PEF Variability 35.9 (19.7) 36.6 (14.1) 22.5 (11.4) 19.5 (12.0) 19.4 (9.7)

KCO (% predicted) ‡ 62.8 (20.3) 90.4 (29.2) 102.2 (16.3) 102.3
(14.0)

97.1 (16.5)

FeNO 13.2 (9.7) 46.0 (43.2) 18.3 (17.3) 41.1 (40.2) 20.1 (12.1)

IgE 413 (1146) 1170
(2466)

328 (863) 370 (1264) 177 (581)

hsCRP 3.6 (2.9) 10.2 (13.5) 11.2 (11.1) 1.8 (1.7) 2.9 (2.1)
Age of Onset 46.5 (10.6) 12.2 (12.8) 20.9 (18.2) 15.2 (14.0) 44.2 (13.2)
BMI 26.7 (5.5) 23.8 (3.8) 42.7 (7.6) 26.6 (4.8) 31.5 (5.7)
SGRQ 49.8 (16.2) 37.7 (17.1) 39.3 (14.9) 16.9 (11.9) 32.0 (17.2)
Pack years 39.0 (22.9) 9.2 (11.1) 5.5 (2.7) 3.8 (9.7) 15.0 (17.3)
Legend as for Table E1

The 247 and 10 participant clusters showed evidence of mild and severe atopic asthma
respectively, the 21 subject cluster appeared to represent an obesity cluster similar to
AGW5 cluster D, and the 95 participant cluster appeared to be a mild/minimal disease
group with relatively recent onset symptoms.

As this cluster solution did not meet the pre-specified size criteria it was not used for
further analysis.

ICS Responsiveness Trial

The characteristics of the participants who undertook the ICS responsiveness trial are
shown in Table E6.  In Group A, 14% of participants went into the ICS trial compared to 34-
41% in the other groups.
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Table E6: ICS trial participants versus non-participants by cluster group

A B C D E
Mod-severe

atopic asthma
Asthma/COPD

overlap Obese/co-
morbid

Mild atopic
asthma

Mild/intermittent

Not in ICS trial N=51/59 (86%) N=20/34 (59%) N=40/61 (66%) N=101/155 (65%) N=50/80 (63%)
Variable
FEV1 (% predicted) 59.5 (15.9) 65.2 (24.7) 81.5 (14.5) 89.6 (13.1) 90.8 (12.6)
FEV1/FVC ratio (%) 55.9 (9.7) 53.5 (14.6) 74.2 (5.7) 76.4 (7.8) 74.0 (7.0)
FRC (% predicted) 115.7 (25.2) 130.4 (37.9) 78.8 (15.6) 87.3 (16.0) 89.5 (18.0)
KCO (% predicted) 98.5 (19.6) 76.2 (21.1) 107.6 (14.3) 102.9 (13.2) 98.5 (13.4)
Reversibility (%
change)

23.9 (19.5) 15.1 (12.0) 6.4 (5.5) 7.3 (6.2) 7.1 (9.2)

PEF variability 32.2 (15.3) 33.2 (13.0) 19.6 (8.7) 15.3 (7.1) 17.1 (10.7)
FeNO (ppb) 43.9 (43.3) 13.4 (9.4) 18.6 (12.8) 37.0 (35.5) 25.2 (17.2)
Log FeNO 3.46 (0.81) 2.36 (0.71) 2.70 (0.70) 3.27 (0.81) 3.02 (0.66)
IgE (IU/L) 493 (1180) 473 (1042) 90 (163) 516 (1866) 226 (763)
Log IgE 5.01 (1.71) 4.84 (1.67) 3.26 (1.76) 4.63 (1.84) 3.90 (1.65)
hsCRP (mg/L) 3.64 (6.78) 2.44 (2.66) 4.35 (3.14) 2.86 (5.62) 1.78 (1.43)
Log hsCRP 0.59 (1.07) 0.62 (0.67) 1.22 (0.76) 0.47 (0.91) 0.31 (0.74)
Age of onset (years) 11.5 (10.4) 32.6 (20.4) 33.0 (16.8) 9.6 (9.6) 46.1 (11.9)
BMI (kg/m2) 26.3 (5.6) 26.8 (3.6) 37.1 (6.2) 26.9 (6.3) 27.4 (4.5)
SGRQ Total 26.9 (15.3) 42.5 (14.5) 36.2 (14.5) 14.7 (11.6) 22.8 (16.9)
Smoking (Pack years) 4.1 (9.2) 31.2 (16.0) 13.5 (18.7) 1.0 (3.5) 5.3 (10.1)
ACQ 1.51 (0.79) 1.94 (0.79) 1.03 (0.69) 0.64 (0.50) 0.51 (0.47)
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A B C D E
Mod-severe

atopic asthma
Asthma/COPD

overlap
Obese/co-

morbid
Mild atopic

asthma
Mild/intermittent

In ICS trial N=8/59 (14%) N=14/34 (41%) N=21/61 (34%) N=54/155 (35%) N=30/80 (38%)
Variable
FEV1 (% predicted) 62.6 (5.6) 57.5 (25.0) 79.8 (11.1) 88.9 (10.5) 94.1 (13.6)
FEV1/FVC ratio (%) 56.6 (7.1) 48.7 (16.1) 73.6 (8.0) 76.9 (7.8) 73.3 (7.4)
FRC (% predicted) 102.5 (23.8) 137.9 (33.7) 70.3 (10.3) 83.4 (16.3) 89.4 (18.3)
KCO (% predicted) 104.9 (9.5) 69.6 (21.9) 107.1 (13.5) 100.2 (13.6) 98.3 (16.4)
Reversibility (%
change)

25.3 (14.0) 18.2 (13.1) 4.3 (4.7) 6.2 (4.9) 4.7 (5.5)

PEF variability 40.6 (14.3) 35.4 (18.3) 17.1 (6.7) 16.9 (8.0) 16.2 (7.5)
FeNO (ppb) 30.3 (22.1) 10.9 (6.4) 26.1 (29.8) 53.3 (49.0) 35.0 (32.9)
Log FeNO 3.23 (0.61) 2.25 (0.54) 2.97 (0.70) 3.60 (0.88) 3.28 (0.71)
IgE (IU/L) 184 (192) 288 (570) 418 (1092) 264 (556) 106 (206)
Log IgE 4.58 (1.37) 4.11 (1.96) 4.15 (1.85) 4.62 (1.50) 3.53 (1.41)
hsCRP (mg/L) 1.45 (1.05) 3.12 (2.88) 3.47 (2.40) 2.92 (4.44) 1.63 (0.74)
Log hsCRP 0.13 (0.77) 0.81 (0.81) 0.99 (0.77) 0.53 (0.97) 0.38 (0.49)
Age of onset (years) 11.9 (11.9) 39.6 (18.8) 31.9 (14.4) 13.9 (9.6) 45.4 (11.6)
BMI (kg/m2) 27.3 (4.4) 25.5 (5.2) 34.8 (5.5) 28.2 (6.4) 28.1 (4.4)
SGRQ Total 22.1 (13.7) 45.2 (20.1) 33.5 (16.3) 16.4 (8.4) 17.3 (16.4)
Smoking (Pack years) 6.1 (7.8) 41.6 (19.2) 16.8 (19.4) 1.8 (4.4) 12.2 (15.8)
ACQ 1.34 (0.64) 1.85 (1.18) 1.03 (0.59) 0.52 (0.42) 0.46 (0.52)
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Allocation rule
Figure E5. Allocation rule created from NZRHS dataset

Using the Rpart function (R statistical software, Auckland, New Zealand), a
classification tree was constructed which could allocate participants to their assigned
cluster with 75% accuracy, using age of onset, BMI and FEV1 percent predicted. Using
FEV1/FVC ratio in place of FEV1 percent predicted gave similar classification accuracy.
Use of other variable combinations or addition of non-cluster analysis variables did not
significantly improve classification accuracy.
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Background
Chronic obstructive pulmonary disease (COPD) and asthma are the two most

common chronic airways diseases in New Zealand. COPD is responsible for
approximately 1700 and 400 hospitalizations per 100,000 people in Māori and Non-
Māori New Zealanders respectively (http://www.maorihealth.govt.nz) and is the fifth
leading cause of years lost to disability in New Zealand. The prevalence of asthma in
New Zealand is amongst the highest in the world affecting 24% and 16% of Māori and
Non-Māori New Zealanders respectively (http://www.maorihealth.govt.nz) with an
economic burden estimated to be over $800 million per annum (Holt, S, Beasley, R The
burden of asthma in New Zealand 2001). Improving management of both asthma and
COPD has the potential to reduce the current burden of disease.

Our understanding of the management of these diseases in adults comes from major
international randomised controlled trials (RCTs). These studies have demonstrated
clear differences between optimal pharmacotherapy for asthma and COPD. For
example, inhaled corticosteroids (ICS) are clearly beneficial in asthma but not as sole
therapy in COPD. A recent recommendation has been made against monotherapy with
long-acting beta agonists (LABA) in asthma, yet LABA monotherapy remains
recommended for COPD. Inhaled anticholinergic therapy has no proven role in the
management of stable asthma yet has been shown to improve lung function,
exacerbation rates, quality of life and exercise capacity in COPD.

These large RCTs have greatly informed the clinical management of asthma and
COPD, however the definitions of asthma and COPD used are narrow and exclude
most real-life patients with airways disease such as the chronic smoker with asthma or
the patient with a COPD-like illness and significant bronchodilator reversibility. We have
previously shown that over 80% of COPD and asthma patients in the New Zealand
population would not have met the inclusion criteria for these major international RCTs
(Travers J et al. In: Rothwell, P ed. Lancet Series. Elsevier). As a result, there is a lack
of evidence to inform the pharmacotherapy of most adult patients with airways disease.

A related consideration is that there is considerable heterogeneity of clinical types
both within asthma and within COPD. It has been shown that treatment responses for
asthma differ between eosinophil-predominant and neutrophil-predominant types
(Berry, M et al. Thorax 2007;62:1043-49) and between smokers and non-smokers
(Chalmers, G et al. Thorax 2002;57:226–30). COPD may be subtyped in different ways
e.g. chronic bronchitis vs. emphysema but to date, the clinical utility of these
classifications is not known. In addition, there is a significant overlap between asthma
and COPD as currently defined. This results in diagnostic uncertainty with the inevitable
consequence of difficulty in determining the preferred treatment approach for individual
patients (Beasley, R et al. Lancet 2009;374:670-2).
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We have recently addressed the issue of the classification of airways disease with a
cluster analysis of a randomly selected sample of the New Zealand population
(Weatherall, M et al. Eur Respir J 2009; 34:812-8). Cluster analysis identifies patterns
or types of disease without the need to use prespecified diagnostic criteria. As such, it
provides a naturalistic means of identification of the real-life patterns of disease. Five
distinct clusters were identified based on nine variables encompassing different
dimensions of airways disease.  These five clusters potentially represent five distinct
disorders of airflow obstruction.  The priority now is determine whether these findings
are replicated in a second random population sample and to determine the clinical
importance of this classification by evaluating the differences in response to
pharmacotherapy (inhaled beta agonist, anticholinergic and steroid) between groups
(Beasley, R et al. Lancet. 2009;374:670-2). This would allow confirmation of whether
these phenotypes of airways disease should form the basis of a new classification of
airways disease that could provide a guide to their management.

Astra Zeneca have indicated interest in funding a further cluster analysis in a larger
population sample in both China and New Zealand with the aim being to validate and
extend our earlier findings and also compare phenotype distribution in Asian and
Caucasian populations. Thus the data from the anticipated 200 Caucasian subjects will
be sent for analysis as part of this project. However the 250 participants recruited in
New Zealand will be invited to continue- both with assessing bronchodilator
responsiveness to ipratropium and also a trial of inhaled corticosteroids in those who
are steroid naïve.

Main objectives:
To confirm the presence of distinct clinical phenotypes of chronic airways disease by

cluster analysis.
To validate the phenotypes identified by the previous cluster analysis
To compare the response to salbutamol between the identified phenotype groups.
To compare the response to ipratropium bromide between the identified phenotype

groups.
To compare the response to budesonide between the identified phenotype groups.
To determine the predictive value of diagnostic criteria for the different disorders of

airways disease.

Outcomes

Primary:
 Cluster analysis of clinical phenotypes
 Difference in bronchodilator response between clusters

Secondary:
 Difference in ICS response between clusters measured by:
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o Juniper Quality of Life Questionnaire score at 12 weeks
o Asthma Control Questionnaire score at 12 weeks
o St George’s Respiratory Questionnaire score at 12 weeks
o Forced Expiratory Volume in 1 Second (FEV1) at 12 weeks
o Fraction of exhaled nitric oxide (FeNO) at 12 weeks
o Peak flow variability at week 12

 Difference in the rate of serious adverse events between clusters

Study Design
Part 1 : A screening survey of a randomly selected community population (Mail out

and invitation to attend Visit 1)
Part 2: Assessment: detailed respiratory questionnaire, full pulmonary function tests,

FENO, bloods, supplementary questionnaires, bronchodilator reversibility (Visits 1, 2 )
Part 3 (Visits 2 and 3): A 12 week trial of inhaled corticosteroids (ICS) in steroid-

naive participants

Study Subjects
Study participants will be recruited via means of a screening questionnaire which will be

sent by post to 16,500 people in Wellington and Hutt Cities selected from the New Zealand
electoral roll using a random numbers program. The electorates that will be included are:
 Wellington Central
 Rongotai
 Ōhariu
 Hutt South
 The corresponding parts of Te Tai Tonga, Te Tai Hauāuru and Ikaroa-Rāwhiti

Respondents to the questionnaire who are willing to participate in the study visits will be
screened for study eligibility against the following inclusion and exclusion criteria. Those
meeting the criteria will be invited to participate in the study visits. The aim will be to achieve
450 subjects with complete datasets in part 2 which should provide at least 206 steroid
naive subjects suitable for inclusion in part 3.

Inclusion Criteria:
 randomly selected from electoral register
 aged 18-75 years at the time of visit 1
 indicated an affirmative answer to the following question on the screening questionnaire:

o “Have you had wheezing or whistling in your chest at any time in the last 12
months?” and if yes “have you been at all breathless when the wheezing
noise was present?”

Exclusion criteria:
 Unable to provide informed consent
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 Unable or unwilling to comply with study procedures including withholding of
medication prior to pulmonary function testing

 Known hypersensitivity to salbutamol, ipratropium or inhaled corticosteroid
medication

 A respiratory diagnosis other than asthma or COPD which may influence the validity
of study measurements, e.g: pulmonary fibrosis, tuberculosis.

Study Parts & Visit Schedule

Part 1: The Screening Questionnaire Survey
The screening questionnaire is a double sided document with a letter explaining the

study on one side, and 11 questions on the reverse side pertaining to respiratory health.
Respondents have the option of leaving contact details if they do not object to being
contacted by an investigator at a later stage. A freepost envelope accompanies the
questionnaire.

In addition to the option of a written response, respondents will be given the option of
responding online via the MRINZ website. The letter will include a unique ID code to prevent
duplicate responses.

Non-responders will be sent a reminder letter after one month, and a further reminder
letter after two months.

The screening questionnaire gives respondents the opportunity to give contact
information. Those that provide this information and indicate an affirmative answer to
Questions 1 and 2 (“Have you had any wheezing or whistling in your chest at any time in the
last 12 months?” and if yes “have you been at all breathless when the wheezing noise was
present?) will be contacted and invited to attend the Respiratory Physiology Laboratory
(RPL) to participate in part 2 (visits 1-2), and if applicable part 3 of the study.  In addition to
the invitation, potential participants will be provided with a copy of the participant information
sheet and consent form for the study.

Part 2: The Evaluation of Bronchodilator Reversibility

Visit 1
At Visit 1, written consent will be obtained prior to the completion of any study

procedures.  The inclusion and exclusion criteria will be reviewed and eligible subjects
will be interviewed to collect additional data on their demographic information,
respiratory history and symptoms, smoking history, allergy, family history, occupation,
medication, and use of health services.

Study participants will be instructed in the use of a peak flow meter, and the meter
and a diary will be given to them and they will be asked to complete the peak flow diary
for one week after visit 1.
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Visit 1B
Visit 1B is to be conducted  at any time after visit 1 but must be performed within 4

weeks of visit 1.
Pre- and post-bronchodilator PFT will be carried out using ipratropium. If the patient

does not normally take bronchodilators or has not taken them within a relevant period,
visit 1B can be combined with visit 1. If the patient has taken bronchodilators within a
relevant period (see leaflet “Important information for study participants”) then visit 1B
will be kept separate and participant will be requested to withhold bronchodilators prior
to attending. No request to withhold normal medications will be made prior to the
obtaining of written consent to take part in the study.

Visit 2
Visit 2 is to be conducted within 1-4 weeks of Visit 1b.
At Visit 2 the peak flow diary sheet will be collected from study subjects and checked

for completeness (to be considered satisfactory for analysis, twice daily readings for a
minimum of 4 days are required).

FENO will be measured and pulmonary function testing (PFT) will be conducted
using a whole body constant-volume plethysmograph with measures of spirometry, gas
transfer and lung volumes.

A blood sample will be drawn and tested for haemoglobin, IgE, eosinophil count,
Phadiatop®, and hsCRP.

Participants will complete the Asthma Control Questionnaire, the Juniper Quality of
Life Questionnaire and the St George’s Respiratory Questionnaire (SGRQ).

Post-bronchodilator pulmonary function testing (PFT) will be carried out using
salbutamol and the patients will be asked to complete a visual analogue score of
subjective response.

Participants who are have used inhaled or oral steroids in the last 90 days will
complete the study at this stage and are not  eligible for part 3 of the study.

Part 3: The Trial of Inhaled Corticosteroids (ICS)
Participants who are steroid-naive (no inhaled or oral corticosteroid in the last 90

days) will be invited to participate in part 3 of the study, a trial of ICS. A 12 week supply
of inhaled corticosteroid (budesonide turbuhaler 400mcg twice daily) will be dispensed
along with an information sheet.

A second peak flow diary will be given to those subjects who participate in part 3.
The peak flow diary is to be completed in the final (12th) week of ICS treatment.
Telephone contact will be made during the 6th and 11th weeks. During the second
contact a reminder will be given to complete the peak flow diary.

The GP will be notified regarding commencement of ICS.
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Visit 3
At Visit 3, participants who are participating in the ICS trial will return to the RPL. The

peak flow diary sheet will be collected from study subjects and checked for
completeness. All ICS study medication inhalers will be returned and checked. An
evaluation for adverse events will be made. FENO will be measured and pre and post
bronchodilator pulmonary function testing will be carried out using salbutamol as the
bronchodilator. Subjects will again complete the visual analogue score. The Asthma
Control Questionnaire, the Juniper Quality of Life Questionnaire and the St George’s
Respiratory Questionnaire (SGRQ) will be administered again. Some subjects may be
asked to have a second blood test at visit 3.
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Visit Schedule

Part
1

Part 2 Part 3†

Visit 1 Visit 1B* Visit 2 Visit 3

Screening Survey Questionnaire X
Informed consent X
Inclusion and exclusion criteria
checked

X

Collection of demographic
information/medical, symptom and
smoking histories (main
questionnaire)

X

Peak flow meter & diary explained
and given

X X

Pre and post ipratropium
spirometry

X

Main questionnaire X
FENO X X
Pre-salbutamol PFT X X#

Outcomes questionnaires (ACQ,
JQLQ, SGRQ)

X X

Blood test including ImmunoCAP
Phadiatop

X

Post-salbutamol spirometry and
VAS

X X

Peak flow diary returned and
checked

X X

ICS dispensed X
ICS returned and checked X
Review of adverse events X
*Where a patient does not normally take bronchodilators visits 1 & 1B can be combined.
†For steroid-naïve participants only. #Visit 3 PFTs will not include transfer factor

Study Procedures

Main respiratory questionnaire
The main respiratory questionnaire will be administered at the the first study visit only.

Questions in the main respiratory questionnaire are taken from the Wellington Respiratory
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Health Survey and European Community Respiratory Survey (ECRS).  Interview guidelines
for the questionnaire will be provided to interviewers to ensure consistency in the method of
administration.

Asthma Control Questionnaire
The NZ English version of this questionnaire will be administered at visits 2 and 3

Juniper Quality of Life Questionnaire
The NZ English version of this questionnaire will be administered at visits 2 and 3

St George’s Respiratory Questionnaire
The NZ English version of this questionnaire (dated 18 April 2003) will be

administered at visits 2 and 3

FENO Measurement
FeNO will be measured by chemoluminescence using an online nitric oxide monitor

(NIOX; Aerocrine AB, Solna, Sweden), according to the ATS guidelines published in 2005.
Seated subjects will exhale fully, then inhale ambient air through a nitric oxide scrubber to
total lung capacity. Subjects will then exhale against an automatically adjusting resistance to
achieve a constant exhalation flow rate of 50 ml/s. Resistance will be adjusted so that an
upper airway pressure of at least 5 cm H2O is maintained throughout exhalation, sufficient
to close the velum and exclude nasal air. FeNO measurements will be taken from a stable
plateau in exhaled nitric oxide concentration of at least 3 seconds during an exhalation.
Exhalations where flow rate and plateau criteria are not met will be deemed not acceptable
for measurement. Repeated exhalations will be performed a maximum of six times to obtain
three acceptable measurements that agree within 10%. The average of these three
measurements will be used. The nitric oxide monitor will be calibrated every 14 days or if
the room temperature changes by more than 5°C. Measurements will be made before other
pulmonary function testing. Subjects will avoid eating for 1 hour, smoking tobacco for 2
hours, caffeine ingestion and short-acting bronchodilator use for 6 hours, long-acting
bronchodilator use for 36 hours, and antihistamine use for 72 hours before testing. Subjects
will not be tested within 3 weeks of an upper or lower respiratory tract infection.

Pulmonary Function Tests
Participants will undergo pulmonary function tests pre- and post-bronchodilator at visits 1

and 2 and if continuing in the study at visit 3.  This will be performed in a body
plethysmograph in accordance with the guidelines outlined by the American Thoracic
Society.

Tests performed will be:
Pre bronchodilator
 Lung volumes, airway conductance and resistance
 Spirometry with flow volume loops
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Post bronchodilator
 Lung volumes, airway conductance and resistance
 Spirometry with flow volume loops
 Diffusion capacity

General guidelines
All tests will be performed:
 Sitting
 With nose clips on
 Using a rubber mouthpiece without teeth grips.

The tests will be clearly explained to the subject before they are started and positive
encouragement given at all stages of the test.

Acceptability and reproducibility criteria
Criteria for technically unsatisfactory tests
 Coughing during procedure
 Glottis closure during procedure
 Obstructed mouthpiece e.g. tongue in front of the mouthpiece
 A leak in the system or around the mouthpiece
 Excessive hesitation at the start of expiration
 Early termination of test by subject

Criteria for poor compliance
 Greater than 5% variation in FEV1 between attempts
 Expiratory time of less than 6 seconds
 Peak expiratory flow of less than 85% of the best recorded

Testing should be continued until 3 acceptable maneuvers have been completed or
the subject has performed 9 maneuvers.

According to ATS guidelines subjects who are unable to produce reproducible flow
volume loops (<200mls difference or 5% variation in FEV1 and FVC) will not be
excluded form analysis. In subjects who were not able to produce 3 acceptable flow
volume loops comments regarding the technical acceptability of their testing will be
made.

Bronchodilator reversibility
This will be performed in all subjects in accordance with British Thoracic Society

guidelines.  Each subject will receive 400mcg of Salbutamol via a spacer at visit 2,
80mcg of Ipratropium via a spacer at visit 1B and 400mcg of Salbutamol via a spacer at
visit 3. Subjects who are asthmatics and familiar with this method of administration can
self administer this dose. Otherwise it will be administered by an investigator.
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The MDI will be shaken, placed into the end of the spacer and fired once. The
subject will then:

 Exhale to FRC
 Place lips around volumatic and inhale deeply and slowly
 Hold breath for 10 – 15 seconds
 Exhale

The inhaler is fired again and steps 1- 4 should be repeated.
Post-bronchodilator pulmonary function tests will be performed 30 minutes after the

administration of the bronchodilator.

Visual analogue scale
The visual analogue scale will be completed at study visits 1B, 2 and 3; after post-

bronchodilator pulmonary function testing.

Blood Tests
Approximately 20mls of blood will be collected from each participant.  Samples will

be analysed for the following:
 Haemoglobin
 Eosinophil level
 Total serum immunoglobulin E (IgE)
 High sensitivity C-reactive protein (hsCRP)
 ImmunoCAP phadiatop

Peak flow readings
Peak flow readings will be recorded by participants twice daily over a 1 week period

from visit 1 to visit 2 following instructions in the use of a Mini-Wright ATS scale peak
flow meter.  Participants who are continuing into part 3 of the study will also record their
peak flows during week 12 prior to visit 3.
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General Health Care
Participants will receive usual general practitioner care during the study.

Participants’ general practitioners will be notified in writing of their participation in the
study with the subject’s permission.

The GP of those subjects who enter Part 3 (i.e. receive inhaled corticosteroid) will be
contacted again regarding the study treatment and planned duration of treatment.

Study Treatments
Subjects entering into part 3 of the study (the trial of inhaled corticosteroids) will

receive budesonide turbuhaler 400mcg per actuation, 1 puff twice daily for a period of
12 weeks.

Safety Monitoring

Adverse Events
An adverse event is any untoward medical occurrence in a study subject temporally

associated with participation in the trial and the administration of study medication,
whether or not considered related to the medicine. An adverse event can therefore be
any unfavourable and unintended sign, symptom or disease temporally associated with
the use of the study treatment.

Adverse event data will be collected and analysed with efficacy data at the end of the
study. Serious adverse events will be notified to the central regional ethics committee
according to standard guidelines.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs

and require expedited reporting:
o Death
o Life-threatening event
o Permanently disabling or incapacitating event
o Hospitalisation or prolongation of hospitalisation.  Hospitalisation for the

purposes of SAE reporting is defined as an admission to hospital and
does not include a presentation to the Emergency Department followed by
discharge without admission or an admission for elective reasons

o Any event considered serious by the study investigator

Should a female subject on the trial become pregnant during the course of the trial,
the pregnancy itself will not be regarded as an SAE although it will be reported to the
Ethics Committee in an expedited manner. The subject will be asked to contact the
researchers after the birth of the baby and any congenital anomaly or birth defect will be
considered to be an SAE.
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Asthma or COPD Exacerbations
If there is an exacerbation of a subject’s airways disease during the study period they

will receive standard care for their exacerbation and will be advised to continue their
study medication.  They will be asked to notify the study investigator of any such events
and will be followed-up as is appropriate.

Designated Safety Data Reviewers
The designated safety data reviewer for the study will be Dr Philippa Shirtcliffe. The

investigators will meet fortnightly to review the progress of the study including the monitoring
of adverse events.

Power and Statistical Methods

We propose to survey 10,200 individuals from the general population.  Assuming a
similar response rate to our earlier Wellington Respiratory Health Survey, we anticipate
around 7,940 will return the postal questionnaire.  Also based on our previous work, it is
estimated that 14% of these will meet the criteria for symptomatic airways obstruction
(1,111) and will be invited to attend for the investigative modules.  We expect
approximately half of these subjects to attend visit 1, of whom 90% will be able to
complete all clinical measurements resulting in 450 subjects being included in the
cluster analysis.

This would provide the necessary numbers to ensure that at least 30 steroid-naïve
subjects would be included in each of the five major clusters, thereby enabling recruitment
of at least 16 subjects per cluster group in the clinical trial of ICS responsiveness.  If the
response to the postal survey is smaller than anticipated then additional mail-outs will be
undertaken to allow 450 subjects to be recruited for testing.

The utility of this sample size for the ICS trial is supported by recently published work
examining the 16 week efficacy of ICS in asthma patients that do and do not initially
respond to ICS.40 In this study, ICS efficacy was measured using the Asthma Control
Questionnaire. There was a difference of 0.49 units on this score with the use of ICS with
standard deviations of 0.57 and 0.54 in each group. A sample size of 16 for each of the
comparator groups provides at 5% significance, 80% power to detect a difference between
groups. Likewise for AQLQ it is supported by a study examining the phenotype of
eosinophilic versus non-eosinophilic asthma (Berry, M et al. Thorax 2007;62:1043-49). In
this study, the quality of life instrument used in the controlled trial of ICS was the Juniper
Quality of Life score. Those with eosinophilic asthma had a change of 1 unit on this score
with the use of ICS with a standard deviation also of 1 unit, with a change of 0.5 units
suggested as the clinically important difference for this particular instrument. A sample size
of 16 for each of two comparator groups provides at 5% significance, greater than 80%
power to detect a difference of 1 unit in the Juniper Quality of Life score between groups.

Baseline demographic, pulmonary function and clinical disease characteristics will be
presented using descriptive statistics. Cluster analysis will be undertaken on the dataset of
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450 subjects with airflow obstruction with 13 phenotypic variables.  Both agglomerative and
divisive algorithms will be used to generate clusters (Agnes and Diana in the SAS statistical
package). If these methods do not produce meaningful clusters, K-means clustering, a non-
hierarchical method, will be used. Where data is both categorical and quantitative, the
Gower distance measurement will be used. Groups will be compared in terms of response
to interventions by two-tailed t-test or nonparametric tests depending on the degree to which
normality and other statistical assumptions are met for the analysis.

Study Data Management
Information from the study data collection forms and questionnaires will be coded and
entered on to the computer database. Double data entry will take place to ensure
accuracy. The data will be stored in the form of an Access database.
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Appendix 1:
Supplementary Information for Pulmonary Function Tests: Instructions to
subjects

Subjects will have been given a sheet of guidelines with regard to the pulmonary function
testing as follows.

 Avoid tobacco for 2 hours before appointment
 Avoid marijuana for 6 hours before appointment
 Avoid caffeinated drinks for 6 hours before appointment
 Avoid carbonated (fizzy) drinks and large meals on the day of appointment
 Avoid all antihistamines for 72 hours prior to appointment

For those subjects already taking respiratory medications:
 Relieving medication such as Salbutamol should not be taken 6 hours prior to testing
 Long acting medication such as Salmeterol or Formoterol should not be taken 36

hours prior to testing
 Methylxanthines (Theophylline or Aminophylline) should not be taken for 12 hours

before testing if they are short acting and 48 hours before testing if they are
sustained release.

 Oral and inhaled steroids remain unchanged.

All medication can be re-started immediately once testing has finished.
Subjects will not be tested within 3 weeks of a chest infection.
Compliance with these instructions should be checked before testing begins. In cases of

non-compliance testing should continue but this should be documented in the visit notes.



Supplementary Appendix: Treatment responsiveness of phenotypes of symptomatic airways
obstruction in adults Page 34 of 37

Correction factors
The fact that carbon monoxide diffusing capacity changes as a function of

haemoglobin has been well documented. In addition, carboxyhaemoglobin has an
‘anemia effect’ on DLCO. Since the carboxyhaemoglobin level of the tobacco and
marijuana smokers may be increased to varying degrees, correction equations will be
employed. Haemoglobin and carboxyhaemoglobin will be measured on the venous
blood sample and the DLCO corrected manually according to the following equations.

Haemoglobin
DLCOadj (Men) = DLCOobs x (10.22 + HB)

1.7 X Hb
DLCOadj (Women) = DLCOobs x (9.38 + Hb)

1.7 x HB
Clin Sci Vol 42 p 325 -35, 1972
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Protocol version updates after trial commencement

Protocol version 3.5 (dated 21st September 2010) was the current version at the start of
the trial
Protocol version 4.0 (dated 29th October 2012) was the current version at trial
completion

Date of approval Update details Rationale

18th February 2011
(to protocol version
3.6)

Updated consent form
and protocol

Consent form updated and additional data-
sharing consent form added to allow explicit
consent for data to be shared with overseas
collaborators. Protocol amended to reflect
this.

16th June 2011
(to protocol version
3.7)

Eligibility for ICS trial
changed to no steroids
in last 90 days

Investigators recognised the possibility that
a small number of participants may have
used a steroid inhaler in the last 12 months
but not in the last 90 days. These people
would not be eligible under the original
eligibility criteria. As the intent of the original
criteria was simply to exclude people on
current steroid treatment it was felt
appropriate to amend the criterion to 90
days.

8th February 2012
(to protocol version
3.8)

Updated to allow
storage of genetic
material

Protocol updated and genetic consent form
introduced to allow prospective collection of
genetic samples for future analysis.

23rd April 2012
(to protocol version
3.9)

Updated to allow
measurement of
periostin at visit 3

To allow exploration of change in periostin
with treatment in a future analysis.

29th October 2012
(to protocol version 4)

Updated to reflect
increase in Phase 2
recruitment from 400 to
450

Recruitment for phase 2 increased as
eligibility for Phase 3 was lower than
expected.
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