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e Risk for poor asthma outcomes varied between cluster-based asthma phenotypes defined
20 years earlier

e The clinical prognosis of the cluster-based asthma phenotypes was stronger as compared
to classical phenotypes

e There was a tracking of asthma activity and lung function over the life course of each
asthma cluster
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ABSTRACT

Background: Research based on cluster analyses led to the identification of particular
phenotypes confirming phenotypic heterogeneity of asthma. The long-term clinical course of
asthma phenotypes defined by clustering analysis remains unknown, although it is a key
aspect to underpin their clinical relevance. We aimed to estimate risk of poor asthma events

between asthma clusters identified 20 years earlier.

Methods: The study relied on two cohorts of adults with asthma with 20-year follow-up,
ECRHS (European Community Respiratory Health Survey) and EGEA (Epidemiological
study on Genetics and Environment of Asthma). Regression models were used to compare
asthma characteristics (current asthma, asthma exacerbations, asthma control, quality of life
and FEV;) at follow-up and the course of FEV;between seven cluster-based asthma

phenotypes identified 20 years earlier.

Results: The analysis included 1325 adults with ever asthma. For each asthma characteristic
assessed at follow-up, the risk for adverse outcomes differed significantly between the seven
asthma clusters identified at baseline. As compared with the mildest asthma phenotype, ORs
(95%CI) for asthma exacerbations varied from 0.9 (0.4 to 2.0) to 4.0 (2.0 to 7.8) and the
regression estimates (95%CI) for FEV; % predicted varied from 0.6 (-3.5 to 4.6) to -9.9 (-
14.2 to -5.5) between clusters. Change of FEV; over time did not differ significantly across

clusters.

Conclusion: Our findings show that the long-term risk for poor asthma outcomes differed
between comprehensive adult asthma phenotypes identified 20-years earlier, and suggest a

strong tracking of asthma activity and impaired lung function over time.

Key words: asthma, clustering, follow-up, lung function, phenotypes.
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Abbreviations

EGEA: Epidemiological study of the Genetics and Environment of Asthma, bronchial hyper-

responsiveness and atopy

ECRHS: European Community Respiratory Health Survey
LTA: Latent Transition Analysis

BHR: Bronchial Hyper Responsiveness

LF: Lung Function

ACT: Asthma Control Test

AQLQ: Asthma Quality of life Questionnaire

ICS: Inhaled Cortico-Steroids

FEV.1: Forced Expiratory Volume in 1 second

FVC: Forced Vital Capacity

INTRODUCTION

Asthma is a common respiratory disease characterized by phenotypic heterogeneity.(1)
Asthma encompasses different disease subtypes, (2) each one possibly resulting from specific
causes and characterized by different natural histories. Taking into account the heterogeneity
of the disease is critical both in asthma management and research.(1-3) Improving the
phenotypic characterization may help identify unshared risk factors across phenotypes, as
illustrated by genetic studies that identified gene variants associated with early-onset asthma
and asthma with severe exacerbations.(4-6) From a clinical point of view, distinguishing
different asthma phenotypes is needed to improve asthma treatment, one example being the

development of biotherapeutic agents that target asthma with high IgE, Interleukin 5
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mediated inflammation, or Th2 endotype.(7, 8) Yet, more research is needed to improve our
ability to disentangle asthma heterogeneity, allowing better prediction of the subsequent risk
for poor asthma events and to better tailor asthma management strategies.

In addition to studies based on clinical hypotheses, data-based approaches relying on
numerous asthma-related characteristics have been used to unravel disease heterogeneity.(3,
9) Applying clustering analysis in various populations of adults and children with asthma,
different asthma phenotypes have been identified.(10-14) These cluster-based phenotypes
have shown some similarities across different studies, as well as consistencies with the
clinical phenotypes.(15) In particular, most of the studies identified the age of asthma onset
and the level of current disease activity as key features in the discrimination of the
phenotypes.(2) However, the clinical relevance of these cluster-based asthma phenotypes has
not been rigorously investigated. In particular, few studies investigated the outcomes
associated with cluster grouping, and most relied on short to medium follow-up (1 to 3
years).(16-19) A long-term prospective study was conducted on 299 child participants in the
Childhood Asthma Management Program study (CAMP) and showed that differences in
clinical characteristics observed between children assigned to different clusters persisted into
young adulthood.(20) Further studies are needed to explore the long-term prognostic value of
these phenotypes in a large population of adults with asthma.

In a previous study, we showed a strong consistency in the structure of adult asthma
phenotypes identified twice ten years apart.(12) In addition, by modeling the individuals’
phenotypic transition across these asthma phenotypes, we showed that the probabilities of
remaining in the same phenotype at each time point varied between 54 to 88% across
phenotypes. In the present study, we took advantage of a new follow-up of this population, 20
years after recruitment, to further investigate these asthma phenotypes previously identified

by clustering approaches, and specifically to investigate the long-term prognosis of these
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phenotypes.(12) We hypothesized that the comprehensive cluster-based asthma phenotypes

are strongly associated with asthma outcomes assessed 20-years later.

METHODS

Study design

We analyzed longitudinal data from two large epidemiological cohorts, the European
Community Respiratory Health Survey (ECRHS) and the Epidemiological Study on the
Genetics and Environment of Asthma (EGEA).(21, 22) ECRHS is an international
population-based study focused on respiratory health over 18,000 participants were originally
recruited (ECRHS [) from 29 centers in 14 countries in 1991-1993 using population-based
registers, with an additional sampling of asthmatics. Two follow-ups have since taken place:
ECRHS I1 in 1999-2003 and ECRHS 111l in 2010-2014. EGEA (https://egeanet.vjf.inserm.fr)
is a French cohort including a group patients with asthma and their first-degree relatives and
a group of control subjects. In total, 2047 adults and children were recruited from 1991 to
1995 (EGEAL). A first follow-up of the EGEA population was conducted from 2003 to 2007
(EGEAZ; 1845 subjects), and a second follow-up was conducted from 2011 to 2013 (EGEAS3;
1558 subjects). In both studies, all surveys included a detailed and standardized respiratory
questionnaire and lung function testing, measures of bronchial responsiveness, skin prick
tests, and total IgE measurement (except for EGEA3 consisting of a self-completed
questionnaire). The EGEA and ECRHS studies were approved by the appropriate ethics

committees.
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Cluster-based asthma phenotypes at baseline (EGEAL/ECRHSI)

The baseline asthma phenotypes considered in this study were obtained using the Latent
Transition Analysis (LTA), a cluster-based model developed for longitudinal data,(23) and
have previously been published.(12, 23) Shortly, LTA was performed in adults with ever
asthma using two time points and using nine variables covering personal and phenotypic
characteristics: respiratory symptoms, asthma treatment, allergic characteristics, lung
function, and Bronchial Hyper Responsiveness (BHR) (see Table S1 in the online data
supplement). The models identified seven phenotypes at EGEA1/ECRHSI (Figure S1 and
table S1): phenotype B was composed of subjects with no or few symptoms, no treatment and
few allergic sensitization; phenotype A showed similar characteristics to phenotype B but
almost all subjects had allergic sensitization; phenotypes E, F and G were composed of
subjects with moderate symptoms: almost all subjects belonging to phenotype E were allergic
and had bronchial hyper-reactivity, subjects belonging to phenotype F were predominantly
allergic and had a normal lung function and subjects belonging to phenotype G were
predominantly non allergic and had no asthma treatment; phenotype C and D were composed

of subjects with high symptoms and asthma treatment, but differ in the allergic sensitization.

Asthma outcomes defined at the 20-year follow-up (EGEA3/ECRHSIII)

The follow-up asthma outcomes considered in this study were: current asthma (defined by
asthma attacks or asthma treatment use in the past 12 months), asthma exacerbations (defined
by the report of oral corticosteroid use for breathing difficulties or hospitalization in the past
12 months), asthma control (defined by the asthma control test (ACT)),(24) quality of life
(defined by the total Asthma Quality of Life Questionnaire (AQLQ) score)(25) and
spirometry parameters (using the FEV; and FEV1/FVC in ECRHS) (26) (more details in

online data supplement).
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“Classical” asthma phenotypes at baseline (EGEA1/ECRHSI)

We ascertained whether the comprehensive cluster-based asthma phenotypes were more
strongly associated with long term asthma characteristics than asthma phenotypes more
classically used in epidemiological studies: current vs. past asthma (defined by positive
answer to the following question “have you had an attack of asthma in the past 12 months” or

asthma treatment use in the past 12 months), atopic vs. non-atopic asthma (defined by >1

positive skin-prick tests to any of 9 aero-allergens for ECRHSI and 11 aero-allergens for

EGEAZ1) and childhood vs. adult-onset asthma (<16 years, >16 years).

Statistical analyses

To study the clinical prognosis of asthma phenotypes identified by clustering method at
baseline, we fitted logistic or linear regression models with the asthma characteristics
estimated at the 20-year follow-up as dependent variables and the cluster-based asthma
phenotypes at baseline as predictors. Unadjusted models and models adjusted on age, sex,
smoking status and occupational status were conducted. The LTA model provides for each
subject a probability to belong to each class (the membership probability); in our analysis we
assigned each subject to the latent class for which he had the highest membership probability,
and we weighted the regression model on this highest membership probability to account for
the uncertainty in the latent class assignment. To investigate the added prognostic value of
these cluster-based asthma phenotypes to the asthma phenotypes more classically used in
epidemiological studies, we compared the magnitude of the Odds Ratios (ORs) for poor
asthma outcomes from cluster-based asthma phenotypes and from classical asthma
phenotypes. Moreover risks for current asthma and asthma exacerbation at follow-up

associated with the cluster-based asthma phenotypes were estimated in a model further
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adjusted on current asthma or asthma exacerbation at baseline to assess the statistical
independent effect of the cluster-based phenotypes.

The main analysis was conducted in the pooled data (EGEA and ECRHS). To address the
robustness of the results within each cohort, the same models as above were applied
separately in EGEA and ECRHS participants. A sensitivity analysis was also conducted in
men and women separately and we addressed whether regular use of ICS during the follow-
up modified the associations.

In ECRHS, the 20-year decline of lung function was compared between the cluster-based
asthma phenotypes. For each asthma phenotype, a linear mixed-effects model for repeated
measurements (ECRHSI, 11, and Il1) was fitted with FEV; (in ml or FEV; divided by the
square of the height in meters) as the dependent variable, time (0 for baseline or the number
of years between the follow-up and baseline for each follow-up) as the predictor, and a
random intercept to account for repeated data. Sex, age, height, occupational status, and
smoking were added in the model as covariates. To statistically compare the FEV; decline
between the asthma phenotypes, the linear mixed-effect model was conducted with the
addition of the cluster-based asthma phenotypes and its interaction with time among the
predictors. Similar analysis was conducted for FEV,/FVC.

To account for multiple hypotheses testing, the Bonferroni method was applied to the main
analysis, which consisted in estimating the association between seven cluster-based asthma
phenotypes and six asthma outcomes at follow-up (threshold p-value=0.0012). All analyses

were performed with the SAS 9.4 statistical software.
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RESULTS

Population description at baseline

The population comprised 1325 adults with asthma (1026 from ECRHS and 299 from
EGEA) with available data for cluster-based asthma phenotypes at EGEAL/ECRHSI and
followed-up at EGEA3/ECRHSIII (mean follow-up was 19.7£1.1 years) (see Figure S2 in the
online data supplement). Among participants with asthma, those followed-up were older, less
often smokers and more often managers, and reported slightly more often allergic rhinitis but
did not strongly differ from the non-participants with regard to the clinical characteristics at
baseline (Table S2). Mean age of the included population at baseline was 34.9 years and 43%
were men (Table 1). Half of the population had never smoked and one third had an
occupational status of manager. More than half of the subjects had asthma onset after 16
years. At baseline, 60% of subject had current asthma in the past 12 months. Regarding
allergic characteristics, more than half of the subjects had eczema (51.7%), allergic rhinitis
(64.8%) and atopy (67.8%).

In our study population, the frequencies of the cluster-based asthma phenotypes at baseline
were: 14.6% and 18.2% for asthma phenotypes composed of few symptoms (B and A
respectively), 10.2%, 14.5% and 10.4% for asthma phenotypes composed of moderate
symptoms (G, F, and E respectively), and 9% and 23% for asthma phenotypes composed of
high symptoms (C and D respectively) (Table 1 and Figure S1). The cluster-based asthma

phenotypes are associated with the classical phenotypes at baseline (Table S1).
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Risk for poor asthma outcomes after 20 years of follow-up, according to cluster-based

asthma phenotypes at baseline

Asthma outcomes observed at follow-up significantly differed between the cluster-based
asthma phenotypes identified 20 years earlier (Table 2). More than 80% of subjects belonging
to phenotype C (“non-allergic, high symptoms, treatment) or D (“allergic, high symptoms,
treatment, BHR”), the most symptomatic phenotypes at baseline, had current asthma at
follow-up compared with only about one third for phenotypes B (“non-allergic, few
symptoms, no treatment”) and A (“allergic, few symptoms, no treatment”). In addition,
subjects belonging to phenotypes C and D at baseline were more likely to have asthma
exacerbations, poor asthma control, worse quality of life and a low FEV; at follow-up than
subjects belonging to the other clusters.

The associations between cluster-based asthma phenotypes at baseline and asthma
characteristics at follow-up remained in the adjusted analysis (Figure 1; Table S3). For most
of the asthma characteristics, higher risks of poor outcomes were observed for phenotypes C
(“non-allergic, high symptoms, treatment”), D (“allergic, high symptoms, treatment, BHR™)
and G (“non-allergic, moderate symptom, no treatment’) than for phenotype B (“non-allergic,
few symptoms, no treatment”). For example, OR point estimates for increased prevalence of
current asthma were 1.1, 2.2, 2.9, 4.1, 8.5 and 12.9 for phenotypes A, G, F, E, C and D as
compared with phenotype B, respectively. Models further adjusted on current asthma or
asthma exacerbations at baseline led to similar conclusions (Table S4).

Consistent patterns of associations were observed in separate analysis in EGEA and ECRHS
(Table S5), in men and women (Table S6) and when adjusting on cohorts (data not shown).
In addition, separate analysis by use of ICS during the follow-up showed associations with
total AQLQ score and FEV; level of similar magnitude in each sub-group (Table S7, p value

for the interaction=0.56 and 0.61 respectively).
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Risk for poor asthma outcomes after 20 years of follow-up, according to “classical”

asthma phenotypes at baseline

Considering the classical asthma phenotypes at baseline, subjects with current asthma at
baseline had a significant higher risk for all asthma characteristics investigated at follow-up,
except for quality of life (Table 3). No marked differences were observed for phenotypes
defined by allergic sensitization status and age at asthma-onset (Table 3). As compared with
associations relying on classical asthma phenotypes, associations with cluster-based asthma
phenotypes were usually of similar or larger magnitude and systematically exhibited the
strongest risk. For example, ORs [95% CI] observed for current asthma varied from 0.9 (0.8
to 1.3) to 3.3 (2.6 to 4.2) between classical asthma phenotypes at baseline (Table 3), while
these ORs increased to 12.9 (7.8 to 21.2) for phenotype D when considering cluster-based
asthma phenotypes at baseline. The 95% CI observed for phenotype D do not overlap with

any of those estimated for classical phenotypes (Table S3).

Long-term changes in lung function between cluster-based asthma phenotypes

Cross-sectional analyses for the three ECRHS surveys (ECRHSI, 11, and I11) showed that
mean FEV; and FEV1/FVC %predicted significantly differed between the cluster-based
asthma phenotypes, with similar differences between phenotypes at each survey (p values
were <0.0001 for FEV; and FEV1/FVC at each survey) (Figure 2). FEV; %predicted values
were consistently higher in cluster A (“allergic, few symptoms, no treatment) and lower in
cluster E (“allergic, moderate symptoms, BHR”) and D (“allergic, higher symptoms,
treatment, BHR”). Mean level of FEV; at baseline varied from 3090 ml for cluster D
(“allergic, higher symptoms, treatment, BHR”) to 3738 ml for cluster A (“allergic, few
symptoms, no treatment”) (Table 4). Mean FEV; change in our population was -33.7

(SE=0.7) ml/year. Changes in FEV; did not differ significantly between the cluster-based
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asthma phenotypes, except for subjects belonging to cluster D (“allergic, higher symptoms,
treatment, BHR”’) who had a slower FEV; decline than those in cluster B (“non-allergic, few
symptoms, no treatment”) (p<0.0001) (Table 4). Similarly, changes in FEV,/FVC did not
differ significantly between the cluster-based asthma phenotypes, except for cluster D
(“allergic, higher symptoms, treatment, BHR”) (Figure 2; Table S8). Subjects with excessive
FEV: decline between ECRHSI and ECRHSIII (=50ml/yr, n=138) were equally distributed

across the cluster-based asthma phenotype at baseline (p=0.17, data not shown).

DISCUSSION

To our knowledge, this is the first study that shows the long-term prognosis of adult asthma
phenotypes, defined by an hypothesis-free approach combining clinical and functional
characteristics. We observed that adults with asthma classified in cluster-based phenotypes
exhibit statistically significant differences in several clinical and functional characteristics 20
years later; in a general way, phenotypes characterized by the highest level of symptoms or
use of asthma treatment at baseline showed the highest risk for adverse outcomes. Our study
suggests a stronger clinical prognosis of the cluster-based asthma phenotypes as compared to
classical phenotypes. These results underline the importance of considering unsupervised
asthma phenotypes, that are able to account for multiple asthma characteristics, to understand
the long-term evolution of asthma patients.

Our study with long-term follow-up adds to the existing literature supporting the clinical
significance of adult asthma clusters over shorter periods. A Korean study with a 1-year
follow-up showed that change in FEV; and use of oral corticosteroids significantly differed
across the four groups of patients previously identified using a clustering method.(17) Five
distinct phenotypes identified by cluster analysis in primary care showed differences in

asthma outcomes after 12-month follow-up, the “exacerbators” phenotypes exhibiting the
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highest risk for adverse outcomes, despite using the most medication.(16) In our study, the
clinical relevance of these phenotypes is strengthened by analysis showing that 1) these
phenotypes differ for asthma characteristics at follow-up after adjusting for these similar
characteristics at baseline, and 2) for each adverse outcome, the strongest risk was
systematically observed among the cluster-based asthma phenotypes when compared to
classical asthma phenotypes. Our findings also extend previous results observed in children
to adult populations. Indeed, a study relying on children with asthma included in the CAMP
cohort identified five phenotypes and showed significant differences in lung function level
and use of ICS two years later.(27) In addition, a more recent study in the CAMP population
showed that differences in clinical characteristics observed between clusters persisted into
young adulthood.(28) On the contrary, some recent studies based on moderate to severe
asthma questioned the relevance of these cluster methods and the stability over time of the
identified phenotypes.(18, 19, 29) Our study is the only one with a population based cohort of
people with asthma and yet showing that our population based and our clinical cohort were
homogeneous regarding their classification in unsupervised phenotypes. Differences in the
study design as well as in the mix of patients recruited in the reported clinical studies may
explain the lack of consistency. By including subjects with ever asthma, -both with remittent
or current asthma and with a wide range of asthma severity, our study led to the identification
of broader range of phenotypes, which are expected to be more stable over-time as compared
with severe asthma sub-types. Nevertheless, we cannot totally dismiss that part of the
subjects belonging to phenotype A and B wrongly reported ever asthma, which might have
led to overestimate the prognostic value of the clusters.

Our findings showing that subjects belonging to the clusters characterized by low lung
function at baseline still had lower lung function 20 years later, support a strong tracking of

lung function over the life course, as recently underlined by two studies.(31, 32) Lange and
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colleagues showed that a substantial proportion of individuals who developed COPD had a
low FEV; level in early adulthood and that COPD group did not necessarily follow a
trajectory of rapid decline in FEV1.(32) A further recent study showed that low lung function
levels in early childhood predicted cardiopulmonary mortality.(31) These studies highlight
the major role of the maximally attained lung function in early adulthood in the future
respiratory health events.

We found no marked differences for change in lung function between the asthma phenotypes,
except for a lower FEV; decline observed in the most “severe” phenotype at baseline (labeled
“allergic, higher symptoms, treatment, BHR”). Several explanations may account for the
lower lung function decline in this asthma phenotype; first, patients from this group are
symptomatic, therefore might have received higher corticosteroids as compared to patients
with milder asthma phenotypes, thus preventing a further decline in lung function. This
hypothesis is supported by the observation that 19% of ECRHS participants belonging to
phenotype D reported to have used ICS each year during the follow-up period, whereas this
number was below 7% for the milder asthma phenotypes. Second, these allergic patients
might have higher clinical benefits of corticosteroids as compared with phenotype C (*non-
allergic, high symptoms, treatment™) characterized by non-allergic inflammation.(33, 34) An
interesting point is that the phenotype showing a trend for a faster decline in FEV; is the
“mildest” asthma phenotype (“non-allergic, few symptoms, no treatment”), which suggest
that some asymptomatic and well controlled patients might benefit from early treatment.

Our study has a number of strengths, including the use of two large epidemiological studies,
with long follow-up (20 years) and with good and large phenotypic characterizations.
Standardized protocols and questionnaires were used in both studies. The similarity of the
results in the two cohorts, which have been set-up using different study design (ECRHS is a

population-based study and EGEA is a cohort including a group of cases recruited in chest
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clinics), indicates that the study design did not influence our findings and adds to the
generalizability of our findings. Importantly, each asthma phenotypes comprises more than
100 subjects.

One limitation of our study is the lack of biomarkers in the characterization of the clusters to
account for the underlying molecular mechanisms. However, most of the variables
considered in the clustering are easily available in primary care, where most of the patients
with asthma are followed. Smoking, a factor previously shown to drive some of the clinical
asthma clusters,(35) was not included in the cluster analysis. However, in a complex picture,
where many other lifestyle, environmental and genetic factors are expected to contribute to
the clinical asthma heterogeneity, accounting for a single determinant is arguable and it might
lead to bias in future analyses aimed at identifying risk factors for these asthma phenotypes.
Another limitation of our study is the loss of follow up, with followed-up participants
showing differences in sociodemographic characteristics (age, smoking, socio-economic
position), as usually observed in many cohorts. However, a 20-year follow-up rate of 54% in
population-based studies can be considered as acceptable and we showed that the followed-
up participants did not strongly differ from the non-participants in regard to the main clinical
characteristics, and in particular across the cluster-based asthma phenotypes, limiting the risk
for selection bias in our study. The applied clustering method relied on characteristics
measured at a single point in time, therefore does not account for the short-term fluctuations
of the parameters that might contain information for asthma phenotyping, as recently shown
for the lung function parameters.(36) The analysis relies on multiple testing, possibly leading
to inflation of the false discovery rate. However, most of the associations observed in the
main analysis remained significant when correcting for multiple testing with the conservative
Bonferroni correction method, supporting the robustness of our findings. Finally, asthma

treatments (ICS) used in the past 12 months at baseline were used in the clustering methods
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to identify the asthma phenotypes, but the level of and adherence to asthma treatment during
the follow-up were not considered in the association studies. Nevertheless, the similarity of
the estimates observed for FEV; level in regular and no/irregular ICS users during the follow-
up suggests that ICS did not modify the association observed. Further studies are needed to
address if the tracking effect observed both for the disease activity and lung function means

that treatment is not changing the natural history of the disease.

In conclusion, we confirmed the clinical relevance of asthma clusters by showing the long-
term prognosis of our previously identified cluster-based adult asthma phenotypes. Our
results lend further support to the strong tracking of asthma activity and lung function over

the life course for each asthma cluster.
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Table 1. Description of the population at baseline

ALL EGEA ECRHS
(n=1325) (n=299) (n=1026)
n statistic n statistic n statistic

Personnel characteristics
Age, mean = sd 1325 34.9+9.0 299 38.0+132 1026 340+7.1
Sex, % men 568 42.9 137 45.8 431 42.0
BMI, mean + sd 1164 239142 296 23.0+£3.3 868 242+4.4
Smoking status

Never smokers, % 662 50.1 161 54.4 501 48.8

Ex-smokers, % 316 23.9 81 27.4 235 22.9

Smokers, % 344 26.0 54 18.2 290 28.3
Occupational status

No profession, % 283 215 54 185 229 22.3

Managers, % 430 32.6 100 34.2 330 32.2

Technicians, % 305 23.1 104 35.6 201 19.6

Skilled manual, % 300 22.8 34 11.6 266 25.9
Asthma characteristics
Age of asthma onset

<4 years, % 209 16.4 49 17.6 160 16.0

14-16] years, % 376 29.4 84 30.2 292 29.2

>16 years, % 692 54.2 145 52.2 547 54.8
Asthma attacks 12 months, % 588 44.7 167 57.2 421 41.2
Current asthma 12 months, % 781 59.9 214 75.9 567 55.5
Asthma exacerbations 12 months, % 180 14.8 108 38.8 72 7.7
FEV,%predict, mean + sd 1253 929+159 295 89.6+18.2 958 93.9+15.0
FEVy in ml, mean + sd 1253 3397.9+858.1 443 3183.5+871.5 958 3463.9+843.5
Inhaled corticosteroids 12m, % 311 25.2 134 45.4 177 18.8
Allergic characteristics
Total IgE, >100 IU/ml, % 583 49.7 183 64.4 400 44.9
Eczema, % 684 51.7 132 44.4 552 53.8
Allergic rhinitis, % 857 64.8 195 65.7 662 64.5
Atopy, % 812 67.8 207 76.6 605 66.6
Cluster-based asthma phenotypes, %
B: Non-allergic, few symptoms, no treatment 193 14.6 27 9.0 166 16.2
A: Allergic, few symptoms, no treatment 241 18.2 57 19.1 184 17.9
G: Non-allergic, moderate symptoms, no 135 10.2 11 3.7 124 12.1
treatment
F: Allergic, moderate symptoms, normal LF 192 145 30 10.0 162 15.8
E: Allergic, moderate symptoms, BHR 138 10.4 22 7.4 116 11.3
C: Non-allergic, high symptoms, treatment 119 9.0 41 13.7 78 7.6
D: Allergic, high symptoms, treatment, BHR 307 23.2 111 37.1 196 19.1

LF: lung function

BHR: bronchial hyper-responsiveness
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Table 2. Associations between cluster-based asthma phenotypes at baseline and different asthma characteristics assessed at follow-up

Cluster-based asthma phenotypes at baseline

Phenotype B Phenotype A Phenotype G Phenotype F Phenotype E Phenotype C Phenotype D Global p
"non- "allergic, few "non-allergic, "allergic, "allergic, "non-allergic, "allergic, high value
allergic, few  symptoms, no moderate moderate moderate high symptoms, symptoms,
Asthma characteristics assessed at ~ symptoms, no treatment” symptoms, no symptoms, symptoms, BHR" treatment” treatment, BHR"
follow-up treatment" treatment” normal LF"
Current asthma 12m, n (%) 64 (35.0) 82 (37.8) 64 (53.3) 107 (60.1) 86 (66.1) 96 (82.8) 260 (86.1) <0.0001
OR [95% CI] 1 1.1[0.7;1.7] 2.2[1.3;3.71°  3.0[1.8;4.8]° 4.2[2.47.2]° 8.9[4.9;16.4]°  13.0[7.9;21.2]
Asthma exacerbations 12m, n (%0) 21 (12.1) 28 (13.4) 24 (21.0) 17 (11.0) 19 (15.7) 36 (34.3) 59 (21.8) <0.0001
OR [95% CI] 1 1.1[0.5;2.1] 2.0[1.0;41]1*  0.8[0.4;1.8] 1.4 [0.6;2.9] 4.0[2.1;7.7]° 2.3[1.3.4.1]°
Asthma Control Test <19 7 (4.4) 6 (3.2) 21 (21.0) 16 (11.2) 8 (7.8) 23 (28.0) 65 (26.3) <0.0001
OR [95% ClI] 1 0.6 [0.2;2.2] 6.0[2.3;15.8]*  2.8[1.0;7.7]% 2.2[0.7;6.8] 8.6 [3.3;22.5]° 8.1[3.4;19.4]°
AQLQ total score among current <0.0001
asthma, meanzsd 6.4+0.6 6.4+0.6 5.6+1.1 6.2+0.7 6.3+0.7 5.8+1.1 5.9+0.9
B [95% CI] 0 0.03[-0.4;,0.5] -0.8[-1.2;-0.3]1* -0.1[-0.6;0.3] -0.1[-0.5;0.4] -0.7 [-1.1;-0.3]® -0.5[-0.9;-0.1]*
FEV,; %pred at ECRHSIII, <0.0001
meanzsd 90.5+£16.1 95.0£13.8 91.6+16.6 92.6+12.4 83.0£15.9 84.3+£19.7 83.2+18.8
B [95% CI] 0 50[1.2;8.71° 05[-3.6;45] 25[-14;65] -88[-13.2;-4.4]° -6.6[-11.2;-1.9]1% -7.9[-11.5;-4.3]°

%0 value < 0.05
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Table 3. Associations between classical asthma phenotypes identified at baseline and different asthma characteristics assessed at follow-up

Classical asthma phenotypes at baseline

Current asthma Atopy Age of asthma onset

Asthma characteristics assessed at No Yes No Yes <16 years >16 years
follow-up (n=523) (n=781) (n=385) (n=812) (n=585) (n=692)
Current asthma, 12m

Unadjusted-OR 1 3.4[2.6:43]°" 1 1.7[1.3;2.2]° 1 1.0 [0.8;1.3]

Adjusted-OR? [95% CI] 1 3.3[2.6:4.2]° 1 1.8[1.4;2.3]° 1 0.9 [0.8;1.3]
Asthma exacerbations, 12m

Unadjusted-OR 1 1.6[1.2;2.3]° 1 0.8[0.6;1.2] 1 0.90.7;1.2]

Adjusted-OR? [95% CI] 1 1.7[1.2;2.4]° 1 1.0 [0.7;1.4] 1 0.7 [0.5;1.0]
Asthma Control Test <19

Unadjusted-OR 1 3.0[2.0;4.6] " 1 0.9[0.6;1.3] 1 1.3]0.9;1.9]

Adjusted-OR? [95% ClI] 1 3.2[2.1;49]° 1 1.0 [0.7;1.5] 1 1.2[0.8;1.7]
AQLQ total score among current asthma

Unadjusted- B 0 -0.1[-0.3;0.07] 0 0.3[0.1;0.5]° 0 -0.03 [-0.3;-0.01]°

Adjusted-B? [95% CI] 0 -0.1[-0.3;0.03] 0 0.2 [0.01;0.4]° 0 -0.03 [-0.2;0.1]

®Models were adjusted on age, sex, smoking status and occupational status at baseline

®p value < 0.05
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Table 4. Level (in ml) and change (in ml/year) in FEV; between cluster-based asthma phenotypes assessed at ECRHSI

#mean level of FEV, ®® mean changein  ®Regression estimates for
(ml) at ECRHSI FEV1 (ml/yr) height-standardized FEV;
decline (/yr)
n Mean (se) Mean (se) Beta (se) P value
B _ Non-allergic, few symptoms, no treatment 142 3626.5 (45.4) -38.0 (1.8) Ref -
A _ Allergic, few symptoms, no treatment 150 3738.2 (44.4) -34.2 (1.6) 1.3(0.9) 0.13
G _ Non-allergic, moderate symptoms, no treatment 109 3591.8 (52.8) -33.8(1.8) 0.9 (1.0 0.35
F _ Allergic, moderate symptoms, normal LF 140 3629.8 (47.8) -33.3(1.7) 1.7 (0.9) 0.06
E _ Allergic, moderate symptoms, BHR 91 3247.4 (62.0) -35.2 (2.6) 0.8 (1.0) 0.44
C _ Non-allergic, high symptoms, treatment 64 3437.8 (65.3) -37.3(3.2) -05(1.1) 0.62
D _ Allergic, high symptoms, treatment, BHR 168 3090.2 (41.4) -27.7 (2.1) 3.8(0.9) <0.0001

®Analyses were adjusted on age, sex, smoking status, occupational status and height at ECRHSI.
®Number of subjects was 864 and number of measurements was 2471.
“The height-standardized values for FEV; correspond to the FEV, divided by the square of the height in meters. Number of subject was 958 and number of measurements was

2471. Analyses were adjusted on age, sex, smoking status, and occupational status at ECRHSI.
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FIGURE LEGENDS

Figure 1. Adjusted-association between cluster-based asthma phenotypes at baseline and
different asthma characteristics (Upper: current asthma, exacerbations and asthma control,
Lower: asthma quality of life questionnaire) assessed at follow-up (adjusted on age, sex,

smoking status, and occupational status at baseline)

Figure 2. Twenty-year trajectories of lung function parameters (Upper: FEV; %pred, Lower:
FEV1/FVC %pred) according to cluster-based asthma phenotypes assessed at ECRHSI

(adjusted for age, sex, smoking status, and occupational status at baseline)
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