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A clustering analysis of eosinophilic asthmatics: Two clusters 
with sharp differences in atopic status and disease severity

To the Editor,
Eosinophilic airway inflammation is a major trait of asthma.1 It is 
accepted that a sputum eosinophil count reaching 2%–3% is con-
sidered as a sign of significant eosinophilic inflammation.2 A large 
cross-sectional study has shown that a sputum eosinophil count 
of at least 3% is found in almost half of asthmatics seen in a sec-
ondary care center and broadly linked to asthma severity.3 While 
eosinophils are usually thought to be potent inflammatory cells 
and active contributors to asthma severity, some authors have 
suggested that lung tissue may actually harbour a population of 
regulatory eosinophils, the function of which might be to dampen 
airway inflammation.4 A recent study has highlighted the existence 
of a group of patients with mild asthma and high sputum eosinophil 
count5 questioning the detrimental action of eosinophils in shap-
ing disease severity and perhaps suggesting heterogeneity in their 
functional roles.

While cluster analysis has been largely applied in asthma re-
search over the last 15 years,6 to the best of our knowledge, there 
has been no study that specifically focused on eosinophilic asthma 
as defined by sputum percentage of eosinophils.

Here, we have leveraged our large asthma clinic database to per-
form an unsupervised cluster analysis among asthmatics displaying a 
sputum eosinophil ≥3% (N = 426). None of our patients were receiv-
ing biologics by the time they were investigated. To this end, one of 
the most competitive and complex statistical analysis packages for 
cluster analysis was applied. In addition to handling the missing val-
ues, this analysis reduced the dimensions of variables, and after per-
forming hierarchical clustering and k-means, the final interpretation 
of clustering was performed using a novel and efficient 4M method 
(Available at https://osf.io/kw3au/).

Demographic, functional, and inflammatory features of the 
whole cohort are available online (Available at https://osf.io/kw3au/​
?view_only=ebb41​53691​fa45d​09a18​86ade​7e2e3f0). Cluster analy-
sis revealed two subgroups identified as cluster 1 (n = 276) and clus-
ter 2 (n = 150) (Table 1). Cluster 1 included patients whose median 
age was 50 years, with two thirds of atopic patients (defined as a 
RAST >0.35 KU/L to one of the common aeroallergens of our area), 
having a low treatment burden (median ICS dose 500 μg equiva-
lent beclomethasone/day), preserved lung function (median post 
bronchodilation FEV1 99% predicted) and a relatively good asthma 
control (median ACT and ACQ 18 and 1.3 respectively) (Figure 1). 

Cluster 2 included older patients (median age 59 years) with a lower 
proportion of atopy (36%), a more frequent smoking history (57%), a 
higher treatment burden (median ICS dose 2000 μg/day equivalent 
beclomethasone), a more intense systemic and airway eosinophilic 
inflammation (median circulating eosinophils 379/μL, median sputum 
eosinophil count 16%) without higher FeNO levels, a greater sys-
temic inflammation as reflected by higher fibrinogen and CRP levels 
and circulating neutrophil counts, a greater airway obstruction (me-
dian post bronchodilation FEV1 71% predicted, median FEV1/FVC 
69% and median sGaw 0.6 1/kPas s) and poorly controlled asthma 
(median ACT and ACQ 11 and 3.1 respectively) (Figure 1). There was 
no correlation between blood and sputum neutrophil counts and 
the doses of ICS in any of the two clusters. Likewise, those patients 
receiving OCS had not greater sputum or blood neutrophils counts 
(data not shown).

Besides dissimilarities in the frequency of atopic status between 
the two clusters, there were differences in the type of sensitization 
among atopic patients. Compared to cluster 2, cluster 1 displayed an 
increased sensitization rate to birch and grass pollens (39% vs. 18% 
and 58 vs. 40% respectively, p < .01 for both), cat (57% vs. 39% in 
clusters 1 and 2, respectively, p < .01) and dog (56% vs. 43% in clus-
ter 1 and cluster 2 respectively, p < .05) whereas sensitization rate to 
moulds was higher in cluster 2 (41% vs. 22% in cluster 2 and cluster 1 
respectively, p < .05). Total serum IgE did not differ between the two 
clusters (median (IQR) 292 (113–843) vs. 349 (154–709) in cluster 1 
and cluster 2 respectively, p > .05).

Clustering on ICC naïve patients (n = 114) and those receiving 
high doses ICS (n = 239) also yielded two clusters that mainly dif-
ferentiated by age, atopic status, intensity of granulocytic airway 
inflammation and magnitude of airflow limitation (Table 1). Among 
patients treated with high dose of ICS, patients from cluster 2 
had greater median circulating basophil counts (50/μL vs. 32/μL, 
p < .001) and, surprisingly, greater median levels of cortisol as com-
pared to those from cluster 1 (220/μL vs. 177/μL, p < .001) despite 
more frequent maintenance OCS (24% vs. 12%) and higher doses 
of ICS. The number of patients with adrenal insufficiency (morning 
cortisol <102 nmol/L) in patients treated with high doses ICS was, 
however, similar between the two clusters (22% vs. 19% in clusters 
1 and 2, respectively).

After extensive clinical characterization of the patients and 
application of a sophisticated clustering procedure, we found two 
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clusters among eosinophilic asthmatics that clearly differentiate 
by demographics, disease activity, functional and inflammatory 
features. The dominant cluster, called cluster 1, features a group 
of patients with a high proportion of atopy and shows substantial 
airway eosinophilic inflammation together with mild disease as 
evidenced by a good level of asthma control and preserved lung 
function despite longer disease duration. By contrast, this clus-
ter seems to be equally at risk of exacerbation in the year prior 
to the visit as compared to the other cluster, called cluster 2, 
where non-atopic patients with severely impaired lung function 
and poor asthma control account for the majority of patients. This 
suggests that, in atopic patients, eosinophilic airway inflammation 
may make the patients prone to exacerbate without necessarily 
leading to an irreversible decline in expiratory flow rates. The lack 
of lung function decline is even more remarkable that the clus-
ter 1 has a longer disease duration as a result of earlier disease 
onset. Interestingly, the cluster 2 with impaired airflow limitation 
is a cluster which combines intense airway eosinophilic and neu-
trophilic inflammation. There are several cross sectional studies 
showing that mixed granulocytic asthmatics are those who are 
the most prone to show a decline in FEV1 over time, which sug-
gests that neutrophils are acting as a cofactor for eosinophils al-
lowing them to fully contribute to remodelling and fixed airway 
obstruction.7 As cluster 2 displayed increased levels of circulating 
neutrophils, fibrinogen and CRP, we cannot exclude that patients 
from this cluster harbour greater amount of pathogens microbes. 
Our data would suggest that the possible protection of atopic sta-
tus against disease severity may differ according to the type of 
sensitization as cluster 1 includes patients with higher sensitiza-
tion rate towards birch and grass pollens as well as animal dander 
whereas cluster 2 displays a strikingly high sensitization rate to a 
mould mixture.

Cluster 2 displayed worse asthma control and altered lung func-
tion despite higher burden of treatment with higher dose of ICS, a 
greater proportion of patients with LTRA and maintenance OCS. The 
persistence of very high blood and sputum eosinophil counts in this 
cluster highlights the inability of corticoids to control eosinophilic 
inflammation and suppress IL-5 secretion as we know that targeting 
IL-5 with monoclonal antibodies may reduce the extent of eosino-
philic inflammation and restore asthma control in some of these pa-
tients.1 Interestingly, besides eosinophils, blood basophils were also 
clearly increased in cluster 2 despite heavy treatment with ICS, and 

sometimes, OCS. By contrast there was no difference in FeNO lev-
els between the two clusters although the intensity of eosinophilic 
inflammation was clearly higher in cluster 2.

Surprisingly, levels of morning cortisol were higher in cluster 
2 than in cluster 1 whereas the burden of ICS/OCS was greater in 
patients of cluster 2, which would suggest some kind of resistance 
to systemic effect of corticoids on the pituitary/adrenal axis in 
the patients from cluster 2. Whether this reduced systemic effect 
maybe, somehow, linked to a reduced molecular sensitivity to the 
anti-inflammatory effect of corticoids in cluster 2 or to a reduced 
bioavailability due to lower peripheral/alveolar ICS deposition as 
a consequence of fixed airway obstruction needs to be further 
investigated.

The current study presents some limitations. First, the retro-
spective nature of the study does not allow to be confident on the 
adherence of the patients nor does it allow to be sure about the 
accurate number of courses of OCS in the year prior to the visit 
that defines exacerbation rate. Second, the selection of our eosin-
ophilic phenotype was based on a single sputum analysis whereas it 
is known that some asthmatics may show intermittent eosinophilic 
airway inflammation,8 masked eosinophilic inflammation by isolated 
granules without defined cell border.9 Thus, the considered group of 
eosinophilic asthmatics in our study may not be entirely representa-
tive of a whole eosinophilic asthmatic population. Third, this study is 
monocentric and should be replicated in other centers using sputum 
in clinical practice. Fourth, applying proteomic and transcriptomic in 
our clusters would be of great interest to unravel different molecular 
patterns among eosinophilic patients.

We conclude that, among eosinophilic asthmatics, there are 
two clusters which mainly differentiate by their age, atopic status, 

Key message

•	 The study is the first cluster analysis on a large cohort of 
eosinophilic asthmatics.

•	 Eosinophilic asthma distributes in two clusters with pa-
tients expressing very different disease severity.

•	 The cluster with the most severe disease mainly includes 
non-atopic patients with fixed airway obstruction and 
resistance to corticoids.
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their level of functional impairment, the magnitude of granulo-
cytic inflammation, and asthma control. The cluster with the lower 
proportion of atopic patients is clearly the most severe and re-
sistant to corticoids. Whether eosinophils are phenotypically and 
functionally different among the two clusters warrant further 
investigation.
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F I G U R E  1  Box plot of important variables in two clusters of eosinophilic asthmatics and their subgroups.
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