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ABSTRACT It is uncertain whether phenotypes of asthma and chronic obstructive pulmonary disease
(COPD) vary between populations with different genetic and environmental characteristics. Here, our
objective was to compare the phenotypes of airways disease in two separate populations.

This was a cross-sectional observational study in adult populations from New Zealand and China. Participants
aged 40–75 years who reported wheeze and breathlessness in the last 12 months were randomly selected from
the general population and underwent detailed characterisation. Complete data for cluster analysis were available
for 345 participants. Hierarchical cluster analysis was undertaken, based on 12 variables: forced expiratory
volume in 1 s (FEV1), FEV1/forced vital capacity ratio, bronchodilator reversibility, peak expiratory flow
variability, transfer coefficient of the lung for carbon monoxide, exhaled nitric oxide fraction, total IgE, C-reactive
protein, age of symptom onset, body mass index, health status and cigarette smoke exposure.

Cluster analysis of the combined dataset described five phenotypes: “severe late-onset asthma/COPD
overlap group”, “moderately severe early-onset asthma/COPD overlap group”, “moderate to severe asthma
group with type 2 predominant disease”, and two groups with minimal airflow obstruction, differentiated
by age of onset. Separate analyses by country showed similar patterns; however, a distinct obese/comorbid
group was observed in the New Zealand population.

Cluster analysis of adults with symptomatic airways disease suggests the presence of similar asthma/
COPD overlap phenotypes within populations with different genetic and environmental characteristics,
and an obese/comorbid phenotype in a Western population.
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Introduction
A number of studies have defined phenotypes of asthma and chronic obstructive pulmonary disease
(COPD), either separately or as part of the spectrum of obstructive airways disease [1–12]. Phenotyping
offers the potential to better understand differing patterns of disease and tailor an individual’s treatment to
their phenotype. However, interpretation of studies has been limited by differences in the specific
populations studied and the varied methodology applied.

These limitations applied to the recently reported New Zealand Respiratory Health Survey (NZRHS) [13],
which employed cluster analysis to describe five phenotypes of symptomatic airways disease that differed
in clinical characteristics and response to inhaled medications. To validate the study findings we have
performed a combined cluster analysis using data from a subset of NZRHS participants and from
participants from China tested using the same methodology. The objectives were to identify and
characterise phenotypes of airways disease, and explore differences between the New Zealand and China
populations.

Methods
We performed a cross-sectional observational study in two randomly selected populations in New Zealand
and China.

Ethical approval was given by the Central Regional Ethics Committee of New Zealand (CEN/09/12/095),
and the ethics committees of Beijing Hospital and Beijing Chao-Yang Hospital No. 8. Written informed
consent was obtained from all participants prior to testing. The NZRHS was registered with the Australian
New Zealand Clinical Trials Registry (www.anzctr.org.au: identifier ACTRN12610000666022).

Participants
In New Zealand the data for this analysis were drawn from the first 204 Caucasian subjects to complete
the NZRHS that were aged 40–75 years and consented to sharing of de-identified data. In China the same
methodology was used to recruit approximately 200 subjects across two sites. New Zealand participants
were recruited in the greater Wellington area; Chinese participants were recruited from Chongwen, Hui
Longguan and Tongzhou districts of Beijing (Site 1), and from Chanping and Chao-Yang districts of
Beijing (Site 2).

The methodology of the NZRHS has been reported in detail previously [13]. Here, we summarise the
methods, and highlight the standardisation and modification of methods required to replicate the NZRHS
methodology in China.

Phase 1
In New Zealand the participants were randomly selected from the electoral roll and received a one-page
questionnaire by post. Individuals who did not return the questionnaire were sent up to two reminders to
improve the response rate. Those with a publically listed telephone number who did not respond also
received a telephone call and were given the option of completing the questionnaire verbally. In China the
participants were randomly selected from community lists, which include details of all adults in a
geographically defined district, and a single postal reminder was used to maximise the response rate.
Computer-based random selection was used in both New Zealand and China. Participants for Phase 2
were drawn from potentially eligible patients who replied and were aged 40–75 years. Each site recruited as
responses were received until at least 200 participants had completed Phase 2. Questionnaire responses
received after recruitment was complete were recorded, but respondents were not invited to take part in
Phase 2.

Phase 2
Respondents with symptoms of wheeze and breathlessness in the last 12 months were invited to attend for
detailed lung function testing. Spirometry (New Zealand and China site 2: Masterscreen Body; Erich
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Jaeger, Friedberg, Germany; China site 1: SensorMedics; Anaheim, CA, USA) was performed according to
American Thoracic Society (ATS) criteria [14] pre- and post-bronchodilator on two occasions, at least
1 week apart. Ipratropium bromide 80 μg was administered at the first visit and salbutamol 400 μg at the
second visit. Post-bronchodilator spirometry was performed 30 min after inhalation of the bronchodilator
through a Volumatic spacer (GlaxoSmithKline, Brentford, UK). Transfer coefficient of the lung for carbon
monoxide (KCO) was measured post-bronchodilator at the second visit and was corrected for participant
haemoglobin. Locally appropriate reference ranges were used for both the New Zealand and China sites
[15, 16]. Exhaled nitric oxide fraction (FENO) was measured according to ATS guidelines (New Zealand:
NIOX; Aerocrine, Solna, Sweden; China: NIOX MINO; Aerocrine) [17].

Details of participants’ respiratory and medical symptoms and self-reported medical history were
systematically collected using a questionnaire based on validated questions drawn from the European
Community Respiratory Health Survey [18]. In addition, participants completed the St George’s
Respiratory Questionnaire (SGRQ; validated New Zealand English and Mandarin translations) at the
second visit [14]. Bloods were drawn at the second visit for determination of haemoglobin (Sysmex,
Mundelein, IL, USA), IgE and high-sensitivity C-reactive protein (hsCRP) (Roche, Indianapolis, IN, USA).
Serum Phadiatop (Phadia, Uppsala, Sweden), a composite test for a panel of specific IgEs, with a positive
test signifying atopy, was also measured.

Standardisation
New Zealand and China sites used identical questions for the Phase 1 and 2 questionnaires. NZRHS
questionnaires were translated into Mandarin and then back-translated to ensure consistency. Spirometry
was performed according to an identical study protocol at all sites. One investigator ( J.F.) visited all sites
to standardise testing.

Statistical analysis
All participants with complete data were included in the analysis. Participant characteristics and
questionnaire response rates are described using simple data summaries. Hierarchical cluster analysis using
the Agnes algorithm with Ward’s method and Gower distance metric was performed as previously
described [13]. 12 variables were chosen for cluster analysis: forced expiratory volume in 1 s (FEV1)
(% predicted), FEV1/forced vital capacity (FVC) ratio (%), bronchodilator reversibility (% change in FEV1

from baseline after salbutamol administration), peak expiratory flow (PEF) variability (expressed as % of
mean), KCO (% predicted), log FENO (ppb), log IgE (IU·L−1), log hsCRP (mg·L−1), age of onset of
respiratory symptoms (years), body mass index (BMI) (kg·m−2), total SGRQ score and cigarette smoke
exposure (pack-years). Functional residual capacity was used as an additional variable in the NZRHS [13],
but was not utilised in this analysis as plethysmography data were unavailable at the China sites. The
variables were chosen to represent multiple dimensions of airways disease, including airflow obstruction,
variability and bronchodilator reversibility, parenchymal damage, symptoms, risk factors, and
inflammatory biomarkers. All variables were weighted equally and the number of variables representing
each dimension was limited to avoid multicollinearity, which can distort cluster structure [19, 20]. FENO,
IgE and hsCRP were log-transformed to ensure that extreme values did not form clusters. 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 in line with the previously reported analysis and to ensure
sufficient participants in each group to allow meaningful examination of cluster characteristics. Each
solution was examined for group size and clinical coherence before the preferred solution was selected for
phenotype description.

After completion of the combined cluster analysis two exploratory cluster analyses were performed using
data from New Zealand and China separately in order to facilitate comparison of patterns seen within
each population. The same methodology was used, but in view of the smaller samples clusters containing
less than 10 participants were permitted.

Results
Phase 1
Participant flow through the study is shown in figure 1. Screening questionnaire response rates were ⩾69%
for all sites. The proportion of respondents reporting symptoms of wheeze and breathlessness was 14.6%
and 4.7% in New Zealand and China, respectively. The majority of eligible subjects who were contacted
were successfully recruited into Phase 2; however, questionnaire responses continued to be received after
the study was fully recruited meaning that only 30% of eligible participants were recruited to Phase 2.
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Phase 2
Participant characteristics for the 345 individuals with complete data for cluster analysis are shown in table 1.
Comparison of the characteristics of participants from New Zealand and China demonstrated that
participants from China had a higher mean age at symptom onset, greater cigarette smoke and biomass
exposures, and lower KCO, but less marked systemic inflammation and lower IgE levels. Use of any inhaler in
the past 12 months and of inhaled corticosteroid (ICS)-containing inhalers in the past 12 months was higher
in the New Zealand population, whereas oral methylxanthine use was only seen in the participants from
China. Only one participant, based in China, reported use of oral β-agonists within the past year. Around a
third of participants had a post-bronchodilator FEV1/FVC ratio <0.7 and this was similar in both countries.

Combined cluster analysis
The primary analysis included all participants with complete data. The results of several clustering
approaches were compared, and the one which best met pre-specified criteria relating to group size and
clinical coherence was selected for phenotype description. The five-cluster solution described using the
Agnes algorithm with Ward’s method and Gower distance metric was considered most appropriate. This
analytic method was that used for phenotype description in the NZRHS [13].

Cluster analysis described five phenotypes with differing characteristics (tables 2 and 3). Participants in
Cluster A were predominantly male smokers with late-onset disease, severe obstruction, elevated hsCRP,
reduced KCO and poor health status, marked reversibility and PEF variability, and markedly elevated total
IgE. In addition to smoking, participants had the highest rates of biomass and occupational exposures.
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Screening questionnaire
n=16 459

New Zealand

Responses received
n=11 397 (69.2%)

Completed questionnaires
n=8628 (52.4%)

Eligible for Phase 2
n=805 (9.3% of completed)

Recruited into Phase 2
n=213 (26.5% of eligible)

Completed Phase 2
n=204 (25.3% of eligible)

Complete data for cluster analysis
n=188 (23.4% of eligible)

Screening questionnaire
n=20 664

China

Responses received
n=16 772 (81.2%)

Completed questionnaires
n=13 051 (63.2%)

Eligible for Phase 2
n=619 (4.7% of completed)

Recruited into Phase 2
n=216 (34.9% of eligible)

Completed Phase 2
n=200 (32.3% of eligible)

Complete data for cluster analysis
n=157 (25.4% of eligible)
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FIGURE 1 Participant flow through the study, shown separately for each study site. Phase 1 recruitment in
New Zealand identified a greater number of participants eligible for Phase 2 as these numbers include those
screened for the New Zealand Respiratory Health Survey but who were not eligible for inclusion in this
analysis due to being aged 18–39 years.
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This group may represent a severe late-onset atopic asthma/chronic bronchitis/emphysema overlap group
in smokers with systemic inflammation.

Cluster B contained individuals with moderate partially reversible airflow obstruction, significant cigarette
smoke exposure, elevated hsCRP and poor health status, but significant variability, preserved KCO and
early onset of symptoms. This group may represent a composite phenotype of childhood asthma with
concomitant COPD, predominantly chronic bronchitis.

Cluster C was characterised by mild to moderate airflow obstruction with significant variability and
reversibility, and elevated FENO, total IgE and blood eosinophils. Participants in this cluster had the
highest prevalence of eczema, rhinitis, atopy and diagnosed asthma, and had minimal cigarette exposure.
This group appears to represent an asthma phenotype with type 2 inflammation.

Clusters D and E were the largest and demonstrated minimal airflow obstruction or reversibility. Cluster D
comprised participants with late-onset disease and minimal atopy, whereas Cluster E comprised
participants with early-onset disease and raised serum IgE levels, and most had a diagnosis of asthma.
Participants in both groups reported symptoms of wheeze and breathlessness in the previous 12 months,
and had similar rates of antibiotic or oral steroid use to the other groups, but little evidence of active
disease at the time of testing. Cluster D was notable for a similar health status to Cluster C despite
minimal evidence of airflow obstruction at the time of testing. We propose Cluster D may represent a
nonatopic adult-onset phenotype and Cluster E a mild/intermittent atopic childhood-onset phenotype.

The proportion of participants from New Zealand and China differed between the phenotypes (table 3). A
greater proportion of New Zealand participants was allocated to the atopic asthma and mild/intermittent
early-onset atopic phenotypes; a greater proportion of China participants was allocated to the two asthma/
COPD overlap and mild/intermittent late-onset nonatopic phenotypes.

Exploratory cluster analyses
New Zealand site
Five disease phenotypes were identified (supplementary tables S1 and S2). Four phenotypes were similar to
the groups identified in the combined New Zealand/China analysis: a severe late-onset asthma/chronic

TABLE 1 Participant characteristics

All participants New Zealand China

Subjects 345 188 157
Age years 55.9±8.7 55.5±9.5 56.5±7.7
Male 157 (45.5) 84 (44.7) 73 (46.5)
Age at onset years 33.2±19.8 28.9±20.4 38.4±17.7
BMI kg·m−2 27.3±5.8 29.0±6.5 25.3±4.0
hsCRP mg·L−1 2.5±3.7 2.9±4.0 2.0±3.2
FEV1/FVC % 68.2±13.2 68.4±12.6 67.9±13.9
Post-bronchodilator FEV1/FVC <0.7 125 (36.2) 65 (34.6) 60 (38.2)
FEV1 % pred 91.5±25.4 94.9±23.5 87.4±27.0
IgE IU·L−1 243±646 288±822 189.4±321.6
KCO% pred 94.3±20.4 98.7±18.3 89.1±21.6
FENO ppb 32.0±32.6 32.5±32.7 31.5±32.6
PEF variability 33.2±19.2 25.6±14.6 42.3±20.2
Reversibility 9.8±11.6 10.1±11.1 9.5±12.2
Significant reversibility by ERS criteria 96 (27.8) 55 (29.3) 41 (26.1)
SGRQ score 27.3±19.5 23.8±17.5 31.5±20.9
Smoking pack-years 12.3±21.4 9.8±16.6 15.4±25.8
Biomass exposure 97 (28.1) 41 (21.8) 56 (35.7)
Occupational exposure 159 (46.1) 94 (50.0) 65 (41.4)
Any inhaler use in past 12 months 192 (55.6) 138 (73.4) 54 (34.4)
Any ICS-containing medication in past 12 months 119 (34.5) 89 (47.3) 30 (19.1)
Oral methylxanthine use in past 12 months 22 (6.4) 0 (0) 22 (14.0)

Data are presented as n, mean±SD or n (%). BMI: body mass index; hsCRP: high-sensitivity C-reactive
protein; FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; KCO: transfer coefficient for
carbon monoxide adjusted for lung volume, corrected for haemoglobin; FENO: exhaled nitric oxide fraction;
PEF: peak expiratory flow; ERS: European Respiratory Society; SGRQ: St George’s Respiratory
Questionnaire; ICS: inhaled corticosteroid.
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bronchitis/emphysema overlap group in smokers with raised IgE and systemic inflammation (Cluster 1), a
mild late-onset asthma/COPD overlap group in smokers (Cluster 3), a severe type 2 predominant
early-onset asthma group (Cluster 2) and a mild/intermittent atopic group (Cluster 5). A fifth cluster was
characterised by late-onset of symptoms, obesity and poor respiratory health status despite relatively
preserved lung function (Cluster 4). This group had evidence of marked systemic inflammation and high
rates of comorbidities, and represents an obese/comorbid phenotype previously described [13].

China sites
Five clusters were identified. Review of the dendrogram (supplementary figure S2) and cluster
characteristics suggested it was preferable to report the first two clusters as a single group. Combination of
the first two clusters led to four clinically coherent groups, similar to the groups identified in the
combined New Zealand/China analysis (supplementary tables S3 and S4). There was a severe late-onset
asthma/chronic bronchitis/emphysema overlap group in smokers with atopy and systemic inflammation
(Clusters i and ii), a mild early-onset asthma/chronic bronchitis overlap group in smokers (Cluster iii),
and two groups represented by mild/intermittent late-onset disease separated by the degree of atopy
(Clusters iv and v). There was no evidence of an obese/comorbid phenotype with systemic inflammation
among participants from China.

Discussion
This study is, to the best of our knowledge, the first to use standardised data from populations in different
countries to explore phenotypes of symptomatic airways disease. Combined cluster analysis described five
phenotypes of airways disease, with individuals from New Zealand and China represented in each

TABLE 2 Cluster analysis variables by cluster allocation

Cluster A Cluster B Cluster C Cluster D Cluster E

Subjects 30 43 38 166 68
Pre-bronchodilator FEV1 % pred 42.9±15.1 78.7±19.8 81.7±15.6 100.7±19.4 104.0±18.0
Pre-bronchodilator FEV1/FVC % 41.6±11.3 62.1±11.9 60.6±8.2 73.4±8.8 75.3±5.7
Bronchodilator reversibility % FEV1 change 26.0±16.1 12.6±11.8 21.0±10.6 5.5±7.7 5.2±4.8
PEF variability % of mean 44.6±17.6 47.3±22.5 39.7±17.6 31.1±17.7 21.0±11.3
Post-bronchodilator KCO% pred 63.8±20.7 95.5±17.4 91.8±19.7 95.0±17.4 106.8±14.8
FENO ppb 31.8±44.4 16.7±9.9 82.4±42.4 23.6±15.7 34.4±34.3
Log FENO 3.05±0.83 2.66±0.56 4.27±0.55 2.97±0.63 3.21±0.80
IgE IU·L−1 617±1643 146±183 466±686 136±297 277±590
Log IgE 4.6±2.0 4.0±1.7 5.4±1.3 3.8±1.4 4.5±1.5
hsCRP mg·L−1 4.8±8.9 3.3±4.7 1.8±1.6 2.2±2.4 2.0±1.6
Log hsCRP 0.66±1.25 0.61±1.0 0.18±0.92 0.32±0.97 0.38±0.84
Age at onset years 43.9±18.4 14.0±13.6 24.6±14.3 46.7±11.4 12.5±9.8
BMI kg·m−2 23.4±4.0 27.2±4.7 24.4±3.7 28.0±6.2 28.9±5.9
SGRQ score 41.8±18.7 44.6±20.6 23.4±19.3 25.7±17.7 16.2±11.4
Smoking pack-years 47.5±36.4 16.3±19.3 3.6±8.0 9.5±16.3 6.2±13.7
Comparison#

Pre-bronchodilator FEV1 % pred −− −− − + +
Pre-bronchodilator FEV1/FVC % −− ± − ± +
Bronchodilator reversibility % FEV1 change ++ ++ ++ −− −−
PEF variability % of mean ++ ++ + ± −−
Post-bronchodilator KCO % pred −− ± ± ± +
Log FENO ± − ++ ± ±
Log IgE ± ± ++ ± ±
Log hsCRP ++ ++ −− − −
Age of onset years ++ −− −− ++ −−
BMI kg·m−2 − ± − ± ±
SGRQ score ++ ++ − ± −−
Smoking pack-years ++ ++ −− −− −−

Data are presented as n or mean±SD. FEV1: forced expiratory volume in 1 s; FVC: forced vital capacity; PEF: peak expiratory flow; KCO: transfer
coefficient for carbon monoxide adjusted for lung volume, corrected for haemoglobin; FENO: exhaled nitric oxide fraction; hsCRP:
high-sensitivity C-reactive protein; BMI: body mass index; SGRQ: St George’s Respiratory Questionnaire; COPD: chronic obstructive pulmonary
disease. Cluster A: severe late-onset asthma/COPD overlap; Cluster B: early-onset asthma/COPD overlap; Cluster C: atopic asthma; Cluster D:
adult-onset nonatopic; Cluster E: early-onset atopic mild/intermittent. #: compared with the overall mean value of all participants as reference
(++: >20% above; +: 10–20% above; ±: within 10%; −: 10–20% below; −−: >20% below).
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phenotype in differing proportions. The study provides evidence of asthma/COPD overlap phenotypes in
two distinct populations with considerable differences in genetic heritage and environmental exposures.
Asthma/COPD overlap phenotypes have been identified in previous cluster analyses [1, 4, 8], and the
consistent identification of asthma/COPD overlap groups in both the primary combined analysis and the
separate exploratory analyses provides important validation of their existence. We have also demonstrated
that the candidate obese/comorbid phenotype identified in previous cluster analyses [3, 6] was present in
the Caucasian New Zealand population, but not the China population.

We identified two asthma/COPD overlap phenotypes. One was characterised by severe airflow obstruction,
with evidence of asthma and emphysema, coexistent chronic bronchitis, and markedly raised serum IgE
and hsCRP, indicating systemic inflammation. The heavy smoking histories, together with the highest rates
of biomass and occupational exposures and the later age of onset, suggest that these exposures are likely to
be relevant to disease pathogenesis. Cigarette and biomass exposure, rather than atopy, may be
contributing to the elevated IgE in this group given the low proportion of participants with a positive
Phadiatop. In contrast, the other overlap group had less severe airflow obstruction and early onset of

TABLE 3 Phenotype description using additional analysis variables

Cluster A Cluster B Cluster C Cluster D Cluster E

Subjects 30 43 38 166 68
Demographics
Age years 62.0±6.4 57.2±8.1 52.8±8.7 57.3±8.1 50.7±8.4
Male 24 (80.0) 18 (41.9) 13 (34.2) 70 (42.2) 32 (47.1)
New Zealand 8 (26.7) 19 (44.2) 24 (63.2) 79 (47.6) 58 (85.3)

Risk factors/symptoms
Smoking status
Current smoker 14 (46.7) 14 (32.6) 2 (5.3) 25 (15.1) 3 (4.4)
Ex-smoker 14 (46.7) 13 (30.2) 11 (29.0) 49 (29.5) 23 (33.8)
Never-smoker 2 (6.7) 16 (37.2) 25 (65.8) 92 (55.4) 42 (61.8)

Biomass exposure 13 (43.3) 12 (27.9) 11 (29.0) 40 (24.1) 21 (30.9)
Occupational exposure 17 (56.7) 20 (46.5) 13 (34.2) 75 (45.2) 34 (50.0)
Chronic bronchitis symptoms 16 (53.3) 17 (39.5) 6 (15.8) 54 (32.5) 9 (13.2)

Previous respiratory diagnoses
Asthma 10 (33.3) 33 (76.7) 32 (84.2) 68 (41.0) 57 (83.8)
Chronic bronchitis 15 (50) 25 (58.1) 9 (23.7) 53 (31.9) 17 (25.0)
COPD 8 (26.7) 8 (18.6) 2 (5.3) 6 (3.6) 1 (1.5)
Emphysema 10 (33.3) 6 (14.0) 0 (0) 8 (4.8) 2 (2.9)

Atopy
Phadiatop positive 7 (23.3) 21 (48.8) 31 (81.6) 48 (28.9) 45 (66.2)
Eczema diagnosis 12 (40.0) 20 (46.5) 24 (63.2) 86 (51.8) 42 (61.8)
Rhinitis 9 (30.0) 35 (81.4) 34 (89.5) 103 (62.1) 54 (79.4)
Eosinophil count ×109 L−1 0.2±0.2 0.2±0.1 0.9±2.2 0.2±0.4 0.2±0.2

Comorbidities
CVD 9 (30.0) 12 (27.9) 4 (10.5) 37 (22.3) 12 (17.7)
GORD 8 (26.7) 18 (41.9) 10 (26.3) 70 (42.2) 25 (36.8)
Hypertension 12 (40) 20 (46.5) 7 (18.4) 58 (34.9) 18 (26.5)
Depression and/or anxiety 2 (6.7) 6 (14.3) 7 (18.4) 29 (17.5) 15 (22.1)

Medication use in last 12 months
Any inhaler# 17 (56.7) 26 (60.5) 32 (84.2) 70 (42.2) 47 (69.1)
ICSs 4 (13.3) 11 (25.6) 11 (28.9) 28 (16.9) 20 (29.4)
Combination ICS/LABA 5 (16.7) 10 (23.3) 6 (15.8) 26 (15.7) 8 (11.8)

Healthcare use in last 12 months
Urgent emergency department/hospital visit 6 (20.0) 2 (4.7) 7 (18.4) 9 (5.4) 3 (5.9)
One or more courses of antibiotic 9 (30.0) 11 (25.6) 12 (31.6) 41 (30.7) 22 (35.3)
Oral steroids 2 (6.7) 5 (11.6) 5 (13.2) 11 (6.6) 7 (10.3)

Lung function
Post-bronchodilator FEV1/FVC % 45.1±12.4 65.4±11.6 68.0±8.6 75.9±8.9 78.7±6.0

Data are presented as n, mean±SD or n (%). COPD: chronic obstructive pulmonary disease; CVD: cardiovascular disease; GORD:
gastro-oesophageal reflux disease; ICS: inhaled corticosteroid; LABA: long-acting β-agonist; FEV1: forced expiratory volume in 1 s; FVC: forced
vital capacity; COPD: chronic obstructive pulmonary disease. Cluster A: severe late-onset asthma/COPD overlap; Cluster B: early-onset
asthma/COPD overlap; Cluster C: atopic asthma; Cluster D: adult-onset nonatopic; Cluster E: early-onset atopic mild/intermittent. #: denotes a
positive answer to the question “Have you used any inhalers to help your breathing at any time in the last 12 months”.
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symptom presentation, significant but less pronounced tobacco smoke, biomass and occupational
exposures, lower IgE levels, and preserved KCO. This group may represent childhood asthma with
concomitant COPD, predominantly chronic bronchitis. While two distinct phenotypic groups were
identified it is notable that we did not describe a separate COPD cluster and it is probable that clinically
relevant subphenotypes may also be present, e.g. “pure emphysema in smokers” that was identified in the
original New Zealand cluster analysis [4].

The presence of these overlap groups is broadly consistent with both the Dutch hypothesis and/or an
interaction between separate disease processes, i.e. asthma and COPD [21–23]. Whatever the underlying
cause(s), at least one in five adults with symptomatic airflow obstruction exhibited one of these overlap
phenotypes, and yet our knowledge of their natural histories and the most appropriate management is
currently limited [24]. This is in part because there are no universally accepted definitions and therefore
different studies may be characterising different populations under the same broad label [25]. It is possible
that progress will accelerate as we move away from trying to assign each patient a particular label and
come to focus on the “treatable traits” each individual possesses [26].

Patients with the overlap phenotypes are not represented in the majority of major randomised controlled
trials performed to date as their tobacco exposure and prior diagnosis of COPD would have led to their
exclusion from most asthma trials, and the presence of reversible airflow obstruction, atopy and prior
diagnosis of asthma their exclusion from most COPD trials [27, 28]. There is an urgent need for further
research to determine the natural history, longitudinal stability and treatment responsiveness of patients
with the overlap phenotypes to guide evidence-based recommendations [29]. These studies should attempt
to control for the confounding effect of differences in treatments between participants seen in all
cross-sectional studies. The longitudinal data provide the ultimate test of the clinical relevance of a
phenotype [30] and do not always demonstrate clinically important differences in outcome when such
studies are performed [31].

Another candidate phenotype identified in this study is the obese/comorbid phenotype seen in the New
Zealand cohort. Participants in this group had multiple comorbidities, evidence of systemic inflammation
and disproportionately poor health status relative to severity of airflow obstruction. This is consistent with
both the obesity-related asthma phenotypes [2, 4–6, 32–34] and the “systemic COPD group” [2] described
in Western populations. Although obesity may be associated with increased systemic inflammation in
individuals with asthma [35], the systemic inflammation may also be associated with the comorbidities.

There was no evidence of a similar obese/comorbid group in the China cohort, which may be in part due
to the lower prevalence of obesity in this population. A BMI threshold of 28.0 kg·m−2 is recommended to
define obesity in China [36], as against 30.0 kg·m−2 in Western populations [37]. Using these thresholds,
42 out of 157 (26.8%) of the China cohort were defined as obese, as against 77 out of 188 (41.0%) of the
New Zealand cohort. The prevalence of obesity is increasing in China [38] and obesity-related phenotypes
may therefore become evident in the future. Disease phenotypes are likely to change in prevalence over
time as the population characteristics alter in response to environmental exposures.

The two mild/intermittent phenotypes are interesting in that they had normal lung function yet similar
requirements for antibiotic and oral steroid courses. These features may reflect groups who are prone to
exacerbations, presumably infective. These two mild/intermittent groups were differentiated by their age of
symptom onset and underlying atopy, a feature which is consistent with findings of other reports, both in
Asia [12] and the USA and Europe [3–5, 39, 40]. They also differed in the proportion of individuals with
a doctor’s diagnosis of asthma (Cluster D 41%, Cluster E 84%).

The main strength of this study is the use of standardised data collected from populations in different
countries. This permitted a combined cluster analysis and comparison of separate cluster analyses between
populations. The population sampling approach utilised in both countries maximised the chance that the
participants tested were representative of the communities studied. We cannot exclude the possibility of a
degree of response or selection bias as we do not know the characteristics of those who did not respond
and only a proportion of those eligible for participation were recruited.

Plethysmography data was not available for the China cohort. Any change to the variables of a cluster
analysis has the potential to alter the results; however, the fact that similar phenotypes were seen despite a
change in variables from the NZRHS [13] may be evidence that these are real disease types rather than
artefacts in the data.

There were some differences between the populations which may be relevant. Participants in China were
less likely to complain of wheeze and breathlessness, which may be due to differences in both disease
prevalence and interpretation of the screening questions. The New Zealand screening questionnaire was
translated into Mandarin and then back-translated to ensure consistency; however, it is possible that some
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of the difference in eligibility rates is due to differences in how the questions were perceived. Consistent
with this, participants from China had more severe airflow obstruction, suggesting that individuals with
minimal disease were less likely to report wheeze and breathlessness than in New Zealand. The greater
cigarette and biomass smoke exposures reported in China may explain their higher prevalence of
COPD-related phenotypes compared with the asthma-related phenotypes predominant in the New
Zealand cohort.

In summary, combined cluster analysis using data from participants in China and New Zealand provides
evidence to support the validity of distinct asthma/COPD phenotypes across different populations. This
study also highlights possible differences in phenotype prevalence between populations and the existence
of an obese/comorbid phenotype in a Caucasian Western population.
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