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Purpose: Asthma and chronic obstructive pulmonary disease (COPD) are complex and 
heterogeneous inflammatory diseases. We sought to investigate distinct disease profiles based 
on clinical, cellular and molecular data from patients with mild-to-moderate obstructive 
pulmonary diseases.
Patients and Methods: Patients with mild-to-moderate allergic asthma (n=30) and COPD 
(n=30) were prospectively recruited. Clinical characteristics and induced sputum were 
collected. In total, 35 mediators were assessed in induced sputum. Logistic regression 
analysis was conducted to identify the optimal factors that were able to discriminate between 
asthma and COPD. Further, the data were explored using hierarchical clustering in order to 
discover and compare clusters of combined samples of asthma and COPD patients. Clinical 
parameters, cellular composition, and sputum mediators of asthma and COPD were assessed 
between and within obtained clusters.
Results: We found five clinical and biochemical variables, namely IL-6, IL-8, CCL4, FEV1/VC 
ratio pre-bronchodilator (%), and sputum neutrophils (%) that differentiated asthma and COPD and 
were suitable for discrimination purposes. A combination of those variables yielded high sensitivity 
and specificity in the differentiation between asthma and COPD, although only FEV1/VC ratio pre- 
bronchodilator (%) proven significant in the combined model. In cluster analysis, two main clusters 
were identified: cluster 1, asthma predominant with evidence of eosinophilic airway inflammation 
and low level of Th1 and Th2 cytokines; and cluster 2, COPD predominant with elevated levels of 
Th1 and Th2 mediators.
Conclusion: The inflammatory profile of sputum samples from patients with stable mild-to- 
moderate asthma and COPD is not disease specific, varies within the disease and might be 
similar between these diseases. This study highlights the need for phenotyping the mild-to- 
moderate stages according to their clinical and molecular features.
Keywords: asthma, COPD, cytokines, airway inflammation

Introduction
Asthma and chronic obstructive pulmonary disease (COPD) are complex and 
heterogeneous diseases that include different phenotypes and endotypes. 
Classically, asthma is considered to be an allergic disease mediated by CD4+ 
lymphocytes, eosinophils, and mast cells, with eosinophil predominating airway 
inflammation driven by the Th2 cytokines IL-4, IL-5 and IL-13.1,2 In COPD CD8+ 
T cells, neutrophils, and macrophages are the main effector cells and IL-1β, IL-6, 
IL-8, tumor necrosis factor-α (TNF α) and matrix metalloproteinases (MMPs) are 
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the inflammatory mediators involved in the orchestrating 
of the airway inflammation.3–5 Although the above 
mechanisms of asthma and COPD differ significantly, 
both diseases can also share some common features. This 
particularly refers to mild stages of asthma and COPD and 
certain disease phenotypes, eg, non-allergic neutrophilic 
asthma in the elderly, which might have very similar 
characteristics to COPD.6,7 Likewise, airway eosinophilia, 
a typical hallmark of asthma, has recently been recognized 
as a distinct inflammatory pattern in some COPD patients.8 

Thus, asthma and COPD are currently construed as 
umbrella terms that include patients with diverse charac-
teristics which can be further subclassified based on var-
ious clinical and pathophysiological features. Importantly, 
some patients with asthma and COPD can show overlap-
ping features between these two disorders.

Currently, the diagnosis of asthma and COPD is based 
on symptoms, medical history, and lung function tests. 
However, the specificity of some features that were pre-
viously considered to be typical for asthma or COPD was 
found to be relatively low.9,10 Hence, as the differentiation 
between different obstructive airway diseases exclusively 
on the basis of clinical features is largely uncertain, there 
has been a shift towards a more individual approach to 
treatment of obstructive lung diseases with the identifica-
tion of treatable traits which reflect clinical and biological 
complexity. Yet, the complexity of asthma and COPD 
means that some of their components have nonlinear 
dynamic interactions.11 It refers in particular to inflamma-
tory mediators that are essential players in the initiation 
and propagation of inflammation. As a number of different 
cytokines contribute to both diseases,12 the relevance of 
a single biomarker might not be particularly useful and 
might be prone to the influence of internal and external 
“noise”.

In recent years, attempts to subtyping of obstructive 
pulmonary diseases have been shifted to more data-driven 
methods.13,14 A system of classification of obstructive 
lung diseases that integrate the multidimensionality of 
asthma and COPD on clinical, cellular and molecular 
levels may be a tool for identifying numerous distinct 
phenotypes, with specific pathobiological components 
that respond to particular therapy. Phenotyping of obstruc-
tive pulmonary diseases has usually been studied in severe 
stage of the diseases. In the current study, we investigated 
the statistical modeling to define distinct disease profiles 
based on clinical, cellular and molecular data from patients 
with mild-to-moderate obstructive pulmonary disease.

Patients and Methods
Study Design and Procedures
This was a prospective study which involved 30 patients 
with allergic asthma, 30 patients with COPD, and 20 
healthy control subjects. The patients were recruited from 
the pulmonary outpatient department of the tertiary teach-
ing hospital of the Medical University of Warsaw. The 
diagnosis of asthma and COPD was established according 
to physician assessment consistent with the Global 
Initiative for Asthma15 or the Global Initiative for 
Chronic Obstructive Lung Disease16 guidance, respec-
tively. There were two study visits within 1 week. At the 
first visit, spirometry (Lungtest 1000, MES, Cracow, 
Poland), methacholine bronchial challenge, an allergen 
skin prick test, and blood sampling were performed. At 
the second visit, fractional exhaled nitric oxide (FeNO) 
was measured (FeNO+, Medisoft, Sorinnes, Belgium), 
bronchodilator responsiveness testing and sputum induc-
tion were performed (ULTRA-NEB TM 2000, DeVilbiss, 
Port Washington, NY, USA).

Exclusion criteria for all asthma and COPD patients 
were as follows: acute respiratory tract infection, inhaled 
or systemic steroid treatment or disease exacerbation in the 
previous 2 months and co-morbidities such as cancer, 
diabetes, and autoimmune diseases. Additional exclusion 
criterion for patients with asthma was current smoking. 
Asthma patients with cigarette smoke exposure less than 5 
years and individuals who had smoked in the past but 
denied smoking in 1 year before the study onset were 
considered as ex-smokers.

The control group comprised healthy smoking and 
non-smoking subjects with no history of lung disease and 
without any symptoms of respiratory tract infection in the 
previous 2 months. Normal spirometry was a mandatory 
inclusion criterion in this group. All procedures performed 
in this study were in accordance with the ethical standards 
of the institutional and/or national research committee and 
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. The study protocol 
was approved by the Ethics Committee of the Medical 
University of Warsaw (KB/82/2014) and informed written 
consent was obtained from all the participants.

Measurements
Spirometry and bronchodilator responsiveness testing 
were performed according to American Thoracic Society/ 
European Respiratory Society guidelines.17 Airway 
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hyperresponsiveness was tested using methacholine chal-
lenge test (PC20).18 Atopy was determined by skin prick 
tests using 15 common inhalant allergens and defined as 
the presence of at least one positive skin prick test to 
allergens, with a diameter of 3 mm or greater than the 
negative control. Blood samples were collected, and the 
serum total immunoglobulin E (IgE) was determined by 
a commercial assay Elecsys IgE II Immunoassay (Roche 
Diagnostics GmbH, Germany). The recommended thresh-
old value of IgE concentrations for healthy, nonatopic 
adults was 100 IU/mL.

Sputum Sampling and Processing
Detailed description of sputum sampling and processing is 
presented in Supplementary file (S1). Briefly, the patients 
and controls inhaled hypertonic saline (NaCl) at increasing 
concentrations (3%, 4% and 5% solutions). Sputum was 
selected from saliva and dispersed in 0.1% dithiothreitol 
(DTT, Sigma-Aldrich, St. Louis, MO, USA). The differ-
ential cell count was determined in May-Grünwald– 
Giemsa-stained smears based on the morphology of 300 
cells from various fields. Sputum eosinophilia was classi-
fied as ≥3% of all non-epithelial cells, and sputum neu-
trophilia was defined as ≥60% of all non-epithelial cells.19

Cytokine Assay
Cytokines, MMPs and protease levels were measured in 
sputum supernatants using Bio-Plex Pro™ Human 
Cytokine 27-plex Assay (Bio-Rad Laboratories, Hercules, 
CA, USA) or ELISA kits (Biotechne, R&D Systems, 
Minneapolis, MN, USA; Demeditec Diagnostics GmbH, 
Kiel, Germany; Biomedica Medizinprodukte GmbH, 
Vienna, Austria). In total, 35 mediators were measured. 
The measured cytokines were as follows: IL-1β, IL-1RA, 
IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12, 
IL-13, IL-15, IL-17, IL-33, FGF2, G-CSF, GM-CSF, IFNγ, 
CXCL10 (IP10), CCL2 (MCP-1), CCL3 (MIP-1α), CCL4 
(MIP-1β), CCL11 (eotaxin-1), CCL24 (eotaxin-2), CCL26 
(eotaxin-3), PDGF-BB, CCL5 (RANTES), TNFα, VEGF, 
NE, TSLP, periostin, MMP-9. All assessed cytokines and 
their lower limit of detection are listed in the supplemen-
tary file (Table E1).

Statistical Method
As a first step, a univariate analysis comparing baseline 
characteristics and cytokine levels in asthma, COPD and 
controls was performed. Continuous variables are pre-
sented as medians and interquartile ranges, and categorical 

variables are expressed as frequencies and proportions. 
Differences between groups were tested using χ2 test or 
Fisher's exact test (for categorical variables), Mann– 
Whitney U-test (for comparisons between two independent 
groups), and Kruskal–Wallis test (for multiple compari-
sons between groups) followed by post hoc testing using 
Mann–Whitney U-tests. Variables with a p-value <0.05 in 
the Mann–Whitney U-test and no outliers were used to 
construct multivariate logistic regression model with 
asthma as a baseline. Outliers were defined as measure-
ments that were more distant from median than 10 inter-
quartile ranges. Odds ratios (ORs) and 95% confidence 
intervals (95% CI) were calculated. Model performance 
was validated using additional data for 10 COPD patients. 
Receiver operator characteristic (ROC) analysis was con-
ducted to evaluate the ability of the model to discriminate 
between asthma and COPD. In the final step, we explored 
data used for building logistic regression model using 
hierarchical clustering in order to discover and compare 
clusters of samples. Hierarchical clustering was performed 
for combined samples of asthma and COPD patients, on 
standardised data using Euclidean distance and Complete- 
linkage. Statistical analyses were performed in Statistica 
13.3 software package (StatSoft Inc., Tulsa, OK, USA) 
and R software (version 3.6.1; R Foundation for 
Statistical Computing, Vienna, Austria). Missing data 
was inputted using “mice” package.

Results
Patient Characteristics
Eighty subjects were enrolled, including 30 asthma 
patients, 30 COPD patients, 10 healthy non-smoking and 
10 healthy smoking subjects. Comparative characteristics 
of asthma, COPD and controls are presented in Table 1. 
Baseline characteristic showed a significant difference in 
age, smoking, lung function, atopic status, sputum eosino-
philia and neutrophilia between asthma and COPD 
patients (Table 1). COPD patients were older, had greater 
exposure to cigarette smoke and reduced lung function 
compared to asthma and control groups. Asthma patients 
had significantly higher sputum eosinophil percentage 
compared to COPD group (3% vs 1%, respectively), 
whereas sputum neutrophil percentage was significantly 
higher in COPD compared to asthma patients (51.5% vs 
44%, respectively) (Table 2).

Data on cytokines concentration in induced sputum 
supernatant are given in Table 2. Sputum levels of IL-8 
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and CCL4 were significantly higher in COPD compared 
with both asthma and smoking controls. We found more 
pronounced differences in cytokine levels between COPD 
patients and healthy smoking subjects than between 
asthma and healthy non-smoking controls. The levels of 
CCL11, periostin, IL-2, IL-4, IL-5, IL-9, IL-10, IL-12, IL- 

13, IL-15, IL-17, GM-CSF, IFN-γ, CCL3, PDGF-BB, 
CCL5, VEGF were undetectable for more than 60% of 
the patients and not analysed further. Correlations between 
clinical and biochemical features evaluated in asthma and 
COPD groups are shown in the supplementary file 
(Table E2).

Table 1 Clinical Characteristics of Patients with Asthma, COPD and Control Group

Asthma 
(n=30)

COPD 
(n=30)

Non-Smoking Control 
(n=10)

Smoking Control 
(n=10)

p-value

Male/female 12/18 14/16 5/5 5/5 0.910

Age (years) 40.5 (30–56) 66.5 (61–75) 33 (29–36) 28 (25–53) <0.001 § $

BMI (kg/m2) 26.5 (22.9–30) 27 (22–29.7) 25 (22.5–26.2) 28.9 (26.2–32.7) 0.066

Smoking status (never/current/ex- 

smokers)

18/0/12 0/14/16 10/0/0 0/10/0 <0.001

Smoking history (pack-years) 0 (0–2) 40 (25–50) 0 (0–0) 10.5 (5–32) <0.001 § $

Positive skin prick tests, n (%) 22 (79)* 14 (52)** 5 (50) 5 (50) 0.132

Total IgE (IU/mL) 152.9 (47.1– 
228.7)

57 (25.5– 
113.8)

35.6 (16.8–98.8) 68.1 (32.3–90.4) 0.047 §

FeNO (ppb) 43.4 (24.4– 
111)

19 (12.1– 
23.2)

22.8 (19.7–28.6) 12.4 (9.5–18.3) <0.001 § ¶

PC20 (mg/mL) 0.6 (0.2–1.7) n/a >16 (16–16) >16 (9.4–16) <0.001 ¶

FEV1 pre-BD (L) 2.6 (2.1–3.2) 1.4 (1.3–1.8) 4.0 (3.6–4.7) 3.8 (2.5–4.3) <0.001 § ¶ $

FEV1 pre-BD (% predicted) 74.5 (70–83) 59 (50–70) 108.5 (98–117) 91 (89–94) <0.001 § ¶ $

FEV1/VC ratio pre-BD (%) 69.1 (60.3– 
75.4)

48.7 (44.8– 
55.8)

81.5 (80–87) 76.5 (74–82) <0.001 § ¶ $

FEV1 post-BD (L) 3.4 (2.3–4.2) 1.7 (1.4–2.0) n/a n/a <0.001 §

FEV1 post-BD (% predicted) 85 (76–92) 69 (57–76) n/a n/a <0.001 §

FEV1/VC ratio post-BD (%) 69.6 (62.9– 

74.2)

52.9 (47.5– 

60.0)

n/a n/a <0.001 §

ΔFEV1 (mL) 630 (360–800) 210 (90– 

290)

n/a n/a <0.001 §

ΔFEV1 (% predicted) 16.5 (11–21) 7 (4–10) n/a n/a 0.002 §

Notes: Results are presented as median (25th–75th quartiles) or frequency (percentage). For multiple comparisons, we indicate the significance by: § Between asthma and 
COPD. ¶Between asthma vs non-smoking control. $Between COPD vs smoking control. *Out of 28 tests performed. **Out of 27 tests performed. 
Abbreviations: BD, bronchodilator; BMI, body mass index; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in one second; IgE, immunoglobulin E; 
PC20, methacholine concentration causing a 20% drop in FEV1; VC, vital capacity.
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Table 2 Characteristics and Mediators of Sputum in Asthma, COPD and Control Group

Asthma (n=30) COPD (n=30) Non-Smoking Control 
(n=10)

Smoking Control 
(n=10)

p-value

Total sputum cell count (× 106 

cells/g)

1.0 (0.5–1.4) 1.5 (0.8–2.5) 1.3 (1.1–3.2) 1.4 (0.9–2.0) 0.118

Sputum eosinophils (%) 3 (1–11) 1 (0–2) 0 (0–1) 1 (0–1) <0.001 § ¶

Sputum eosinophilia, n (%) 18 (60) 7 (23) 1 (10) 1 (10) 0.001 § ¶

Sputum neutrophils (%) 44 (41–52) 51.5 (45–68) 31.5 (30–47) 45.5 (33–57) 0.012 §

Sputum neutrophilia, n (%) 4 (13) 11 (37) 0 (0) 1 (10) 0.027 §

IL-1β (pg/mL) 3.4 (0.9–5.8) 3.0 (1.1–6.0) 1.5 (0.6–3.6) 0 (0–1.5) 0.012 $

IL-1RA (pg/mL) 2918.1 (1783.0– 
7521.0)

3475.0 (1629.7– 
7578.0)

2804.4 (2005.6–4629.1) 1674.4 (1012.8– 
2310.6)

0.218

IL-3 (pg/mL) 11.6 (8.9–22.5) 13.7 (9.8–33.2) 11.1 (9.1–12.2) 9.8 (0–15.9) 0.285

IL-6 (pg/mL) 3.4 (0–10.0) 17.1 (4.3–54.0) 0 (0–0) 7.4 (0–8.8) <0.001 § ¶

IL-7 (pg/mL) 0 (0–1.6) 1.1 (0–1.5) 0 (0–0) 0 (0–0) 0.003 ¶ $

IL-8 (pg/mL) 185.3 (60.8– 
349.5)

550.2 (254.3– 
1174.7)

79.2 (47.4–176.1) 75.0 (55.4–235.8) <0.001 § $

IL-33 (pg/mL) 2.8 (2.4–3.4) 2.6 (2.5–3.3) 3.3 (2.7–3.6) 2.6 (2.5–3.1) 0.493

CCL2 (pg/mL) 2.9 (0–7.1) 5.5 (1.7–19.3) 0 (0–2.8) 2.9 (0–5.0) 0.037

CCL4 (pg/mL) 1.2 (0–5.7) 7.5 (0–27.0) 0 (0–5.6) 0 (0–0) 0.037 § $

CCL24 (pg/mL) 4.6 (4.2–5.2) 4.6 (4.0–7.2) 4.4 (4.0–5.4) 4.6 (3.9–24.5) 0.943

CCL26 (pg/mL) 4.2 (3.1–5.4) 4.6 (3.1–5.4) 4.2 (2.3–5.4) 3.1 (2.3–3.8) 0.145 $

CXCL10 (pg/mL) 126.7 (58.8– 

300.5)

107.3 (57.5– 

293.2)

45.1 (6.1–118.0) 46.1 (6.1–163.6) 0.167

NE (ng/mL) 18.4 (9.9–38.0) 20.8 (12.7–48.5) 13.6 (9.2–18.2) 12.1 (11.0–30.4) 0.097

MMP-9 (ng/mL) 20.7 (14.4–35.6) 33.6 (16.2–37.0) 25.5 (13.5–27.2) 26.8 (9.6–36.9) 0.218

TSLP (pg/mL) 8.9 (7.8–10.8) 8.2 (7.1–10.5) 8.6 (6.9–11.9) 8.7 (7.2–10.3) 0.789

FGF2 (pg/mL) 3.6 (0–6.6) 0 (0–7.0) 0 (0–2.2) 0 (0–0) 0.042 ¶

G-CSF (pg/mL) 0 (0–57.8) 17.9 (0–116.1) 0 (0–33.3) 0 (0–42.0) 0.151

TNF-α (pg/mL) 0 (0–9.6) 2.9 (0–10.1) 0 (0–0) 0 (0–0) 0.075

Notes: Results are presented as median (25th–75th quartiles) or frequency (percentage). Sputum eosinophilia ≥3%; sputum neutrophilia ≥60%. For multiple comparisons, 
we indicate the significance by: § Between asthma and COPD. ¶ Between asthma vs non-smoking control. $ Between COPD vs smoking control.
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Logistic Regression and ROC Analysis of 
the Discriminative Value of Clinical and 
Biochemical Features in the 
Differentiation Between Asthma and 
COPD
Logistic regression analysis was conducted to identify the 
optimal factors that were able to discriminate between 
asthma and COPD (Table 3). Clinical parameters and 
inflammatory markers showed moderate discriminative 
power to distinguish asthma and COPD. The combined 

clinical and cytokine model improved discrimination for 
diseases. The identified variables were as follows: IL-6, 
IL-8, CCL4, FEV1/VC ratio pre-BD (%) and sputum neu-
trophils (%), although only FEV1/VC ratio pre-BD (%) pro-
ven significant in the combined model. The model was 
validated on independent group of COPD (n=10) (Table 
E3 in the supplementary file). The logistic regression 
model for combined features showed sensitivity of 93% 
and specificity of 90%. The area under the curve of the 
ROC analysis was 0.947 (Figure E1 in the supplementary 
file). For the model adjusted for age, the AUC was 0.746. 

Table 3 Logistic Regression Model of Biochemical and Clinical Features for Discrimination of Asthma and COPD Patients

Multivariate Analysis (AUC=0.947) Age-Adjusted Analysis (AUC=0.746)

Variables Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value

IL-6 1.047 (0.987–1.140) 0.243 1.008 (0.986–1.047) 0.570

IL-8 1.000 (0.998–1.001) 0.931 1.000 (0.999–1.001) 0.505
CCL4 0.985 (0.940–1.042) 0.535 0.996 (0.971–1.020) 0.701

FEV1/VC ratio pre-BD (%) 0.783 (0.661–0.874) <0.001 0.906 (0.836–0.968) 0.007
Sputum neutrophils (%) 1.041 (0.975–1.124) 0.256 1.003 (0.958–1.051) 0.883

Abbreviations: BD, bronchodilator; CI, confidence interval; FEV1, forced expiratory volume in one second; OR, odds ratio; VC, vital capacity.

Figure 1 Hierarchical clustering heatmap of asthma and COPD patients based on clinical, sputum cytokine and cellular features. The rows and columns are ordered based 
on the results of hierarchical clustering with dendrograms for the patients shown on the horizontal axis and clinical and laboratory data shown on the vertical axis. The 
colour scale codes normalized value of a variable with red corresponding to the highest value.
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Adjustment for age reduced discriminative capacity; how-
ever, it confirmed that the most differentiating feature was 
FEV1/VC ratio pre-BD (%).

Cluster Analysis. Clinical and Biochemical 
Characterisation of Asthma and COPD 
Patients Based on Cluster Analysis
For additional evaluation of clinical and biochemical fea-
tures discriminating between asthma and COPD a cluster 
analysis was performed using the assumptions that were 
included in the logistic regression (Figure 1). Clinical 
characteristics of two main clusters are shown in Table 4. 
Cluster 1 mainly included patients with asthma (79% of 
asthma patients), with a larger female proportion. The 
level of FeNO was significantly higher in cluster 1. 
Cluster 2 (77% of COPD patients) was characterised by 

worse lung function and a greater smoking pack-year 
history. This cluster also had significantly higher propor-
tion of sputum neutrophils. All detectable cytokines had 
higher levels in cluster 2 compared to cluster 1 (Table 5). 
The differences for IL-33, CCL4, CCL24, CXCL10, and 
MMP-9 remained significant after adjustment for age.

In the next step of the analysis, we assessed the differ-
ences in the clinical and biochemical profiles between 
patients with asthma and COPD within the cluster (1 
or 2) and between patients with asthma or COPD from 
cluster 1 and 2. Asthma patients from cluster 2 were older, 
had worse spirometry test results (decreased baseline 
FEV1 (L) and post-BD FEV1/VC ratio) and increased 
sputum neutrophil number compared to asthma patients 
from cluster 1 (Table 6 and 7). There were no differences 
in frequency of positive skin tests, total serum IgE and 

Table 4 Clinical Characteristics of Patients in Two Identified Clusters

Cluster 1 (n=29) Cluster 2 (n=31) p-value

Asthma, n (%) 23 (79) 7 (23) <0.001

COPD, n (%) 6 (21) 24 (77) <0.001

Male/female 9/20 17/14 0.063

Age (years) 42 (30–62) 65 (60–75) <0.001

BMI (kg/m2) 25.7 (22.7–28.1) 27.5 (23.6–30.0) 0.549

Smoking status (never/current/ex-smokers) 13/4 /12 5/10/16 0.036

Smoking history (pack-years) 1 (0–5) 30 (20–50) <0.001

Positive skin prick tests, n (%) 19 (68)* 17 (63)** 0.703

Total IgE (IU/mL) 74.7 (28.6–198.1) 73.0 (37.1–190.9) 0.590

FeNO (ppb) 40.2 (20.7–111.0) 20.5 (16.0–37.1) 0.039

PC20 (mg/mL) 0.4 (0.2–1.7) 0.5 (0.1–1.5) 0.540

FEV1 pre-BD (L) 2.6 (1.8–3.2) 1.5 (1.3–2.0) <0.001

FEV1 pre-BD (% predicted) 74 (71–83) 59 (48–70) <0.001

FEV1/VC ratio pre-BD (%) 68.4 (60.3–74.7) 48.1 (44.8–55.3) <0.001

FEV1 post-BD (L) 2.7 (1.7–4.1) 1.7 (1.4–2.1) 0.001

FEV1 post-BD (% predicted) 88.5 (74.5–92.5) 70 (56.5–76.5) <0.001

FEV1/VC ratio post-BD (%) 70 (61–73) 52 (47–60) <0.001

ΔFEV1 (mL) 330 (95–770) 250 (120–390) 0.347

ΔFEV1 (% predicted) 10.5 (5–18.5) 9.5 (5–15.5) 0.583

Notes: Results are presented as median (25th–75th quartiles) or frequency (percentage). *Out of 28 tests performed. **Out of 27 tests performed. 
Abbreviations: BD, bronchodilator; BMI, body mass index; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in one second; IgE, immunoglobulin E; 
PC20, methacholine concentration causing a 20% drop in FEV1; VC, vital capacity.
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FeNO level between these subgroups. Sputum mediator 
profiling showed significantly higher level of IL-1RA, IL- 
6, IL-7, IL-8, IL-33, CCL2, CCL4, CCL24, CXCL10, NE, 
MMP-9, G-CSF and TNF-α in asthma patients from clus-
ter 2 compared to asthma patients from cluster 1 (Table 7).

COPD patients from cluster 1 differed from those in 
cluster 2 in terms of gender distribution. Cluster 1 com-
prised females only, whereas cluster 2 was a heterogeneous 
group (Table 6). Patients with COPD from cluster 2 had 
higher level of total serum IgE and reduced lung function 
(decreased baseline FEV1% predicted, pre- and post-BD 
FEV1/VC ratio) compared to COPD patients in cluster 1. 

No differences were found in sputum eosinophil and neu-
trophil count or frequency of eosinophilia or neutrophilia 
between COPD subgroups. COPD patients from cluster 2 
were characterised by a more pronounced inflammatory 
airway background: sputum IL-6, IL-8, CCL4, CCL24, 
G-CSF and TNF-α levels were elevated in this subgroup 
compared to COPD patients from cluster 1 (Table 7).

Comparing patients with asthma and COPD in the 
same cluster showed multiple differences in clinical fea-
tures, but these subgroups were similar in terms of sputum 
cytokine levels with one exception which was CCL24 in 
cluster 1 (Tables 6 and 7).

Table 5 Characteristics and Mediators of Sputum in Two Main Identified Clusters

Cluster 1 (n=29) Cluster 2 (n=31) p-value

Total sputum cell count (× 106 cells/g) 0.9 (0.4–1.3) 1.6 (0.9–2.8) 0.003*

Sputum eosinophils (%) 3 (1–8) 1 (0–4) 0.146

Sputum eosinophilia, n (%) 15 (52) 10 (32) 0.126

Sputum neutrophils (%) 42 (32–48) 56 (47–68) <0.001*

Sputum neutrophilia, n (%) 2 (7) 13 (42) 0.002*

IL-1β (pg/mL) 2.6 (0.9–5.3) 4.1 (1.7–6.6) 0.333

IL-1RA (pg/mL) 2918.1 (1720.3–4858.0) 3498.8 (1915.3–8726.9) 0.283

IL-3 (pg/mL) 11.9 (9.7–25.8) 12.1 (9.5–20.3) 0.728*

IL-6 (pg/mL) 0 (0–3.7) 17.1 (10.1–48.0) <0.001

IL-7 (pg/mL) 0 (0–0.5) 1.3 (0–3.5) <0.001

IL-8 (pg/mL) 158.0 (55.4–281.8) 700.6 (334.6–1371.1) <0.001

IL-33 (pg/mL) 2.6 (2.3–2.8) 3.2 (2.5–3.4) 0.032*

CCL2 (pg/mL) 1.8 (0–4.4) 6.8 (2.8–26.8) <0.001

CCL4 (pg/mL) 0 (0–2.7) 11.5 (4.6–29.2) <0.001*

CCL24 (pg/mL) 4.4 (3.9–4.8) 5.1 (4.4–14.7) 0.003*

CCL26 (pg/mL) 3.9 (3.1–5.4) 4.6 (3.1–6.2) 0.394

CXCL10 (pg/mL) 83.7 (40.9–217.7) 210.8 (85.9–907.4) 0.022*

NE (ng/mL) 12.5 (9.6–30.7) 32.0 (14.8–51.5) 0.004

MMP-9 (ng/mL) 17.3 (14.0–25.5) 37.0 (22.6–37.0) <0.001*

TSLP (pg/mL) 8.2 (7.5–10.4) 8.9 (7.6–10.7) 0.520

FGF2 (pg/mL) 2.9 (0–5.7) 5.7 (0–7.2) 0.334

G-CSF (pg/mL) 0 (0–17.2) 63.2 (15.1–178.0) <0.001

TNF-α (pg/mL) 0 (0–0) 9.1 (0–18.8) < 0.001

Notes: Results are presented as median (25th–75th quartiles) or frequency (percentage). Sputum eosinophilia ≥3%; sputum neutrophilia ≥60%. *Significant after adjustment for 
age.
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Discussion
In this study, a multivariate logistic regression in com-
bination with cluster analysis was applied to explore 
profiles of stable mild-to-moderate asthma and COPD 
patients according to clinical, cellular and molecular 
data. We found that a combination of clinical and bio-
chemical variables distinguished asthma from COPD 

patients with high sensitivity and specificity. The 
detailed statistical analysis revealed that inflammatory 
profiles of asthma and COPD was not disease specific, 
varied within the disease and were similar between these 
diseases. To our knowledge, our study is one of the few 
studies on phenotyping of obstructive airway diseases in 
steroid-naïve patients with milder stage of diseases. 

Table 6 Clinical Characteristics of Patients from the Main Two Clusters Divided According to Asthma or COPD Diagnosis

Cluster 1 Cluster 2 p-value

Asthma (n=23); 
Subgroup 1

COPD (n=6); 
Subgroup 2

Asthma (n=7); 
Subgroup 3

COPD 
(n=24); 

Subgroup 
4

Male/female 9/14 0/6 3/4 14/10 0.073

Age (years) 37 (27–55) 62.5 (53–77) 55 (42–72) 69 (61.5–75) <0.001 § ¶ ǁ

BMI (kg/m2) 25.3 (22.6–28.1) 27.6 (23.5–31.1) 29.4 (26.9–30.5) 26.8 (22.0– 
29.6)

0.283

Smoking status (never/current/ 
ex-smokers)

13/0/10 0/4/2 5/0/2 0/10/14 <0.001

Smoking history (pack-years) 0 (0–5) 35 (17–50) 0 (0–0) 40 (25–50) <0.001 § ǁ

Positive skin prick tests, n (%) 17 (77*) 2 (33) 5 (83**) 12 (57***) 0.134

Total IgE (IU/mL) 99.6 (47.1–214.1) 20.7 (5.3–25.5) 190.9 (37.1–861) 69.6 (32.2– 

175.9)

0.006 § $

FeNO (ppb) 49.4 (23.7–114.7) 16.5 (8.9–22.7) 38.6 (27.8–53.8) 19.0 (13.8– 

25.1)

0.002 § ǁ

FEV1 pre-BD (L) 2.7 (2.4–3.3) 1.6 (1.3–1.8) 2 (1.7–2.5) 1.4 (1.2–1.9) <0.001 § ¶ ǁ

FEV1 pre-BD (% predicted) 77 (72–84) 70.5 (61–82) 66 (62–83) 57 (45.5–67) <0.001 $ ǁ

FEV1/VC ratio pre-BD (%) 70 (65–75) 58 (56–60) 58 (54–77) 48 (43.5–52) <0.001 § $ ǁ

FEV1 post-BD (L) 4.1 (3–4.2) 1.7 (1.4–1.8) 2.2 (2.1–2.8) 1.7 (1.4–2.1) <0.001 § ǁ

FEV1 post-BD (% predicted) 91.5 (84–96) 75.5 (69–92) 77.5 (74.5–79.5) 66 (55.5– 

75.5)

<0.001 ǁ

FEV1/VC ratio post-BD (%) 71 (69–76) 60 (59–62) 62 (59–64) 51 (47–56) <0.001 § ¶ $ ǁ

ΔFEV1 (mL) 650 (390–880) 95 (50–250) 530 (350–750) 220 (110– 
295)

0.002 § ǁ

ΔFEV1 (% predicted) 17 (11–21) 5 (3–10) 15.5 (12.5–22.5) 7.5 (4.5–13) 0.014 §

Notes: Results are presented as median (25th–75th quartiles) or frequency (percentage). For multiple comparisons, we indicate the significance by: § Between subgroups 1 
and 2. ¶ Between subgroups 1 and 3. $ Between subgroups 2 and 4. ǁ Between subgroups 3 and 4. *Out of 22 tests performed. **Out of 6 tests performed. ***Out of 21 
tests performed. 
Abbreviations: BD, bronchodilator; BMI, body mass index; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in one second; IgE, immunoglobulin E; 
PC20, methacholine concentration causing a 20% drop in FEV1; VC, vital capacity.
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Thus, we believe our paper may add some new data to 
the existing literature on the topic.

A progression of obstructive lung diseases severity 
from mild to severe is poorly understood. One of the 

reasons is that patients with mild lung dysfunction are 
underdiagnosed. Only 5% of mild COPD patients have 
clinician-based diagnosis.20 However, patients with milder 
stage of disease might be characterized by modifiable 

Table 7 Characteristics and Mediators of Sputum in Patients from the Main Two Clusters Divided According to Asthma or COPD 
Diagnosis

Cluster 1 Cluster 2 p-value

Asthma (n=23); 
Subgroup 1

COPD (n=6); 
Subgroup 2

Asthma (n=7); 
Subgroup 3

COPD (n=24); 
Subgroup 4

Total sputum cell count (× 

106 cells/g)

0.9 (0.4–1.3) 1.1 (0.5–1.9) 1.3 (0.9–5.1) 1.7 (0.8–2.8) 0.027 ¶

Sputum eosinophils (%) 3 (1–11) 1 (0–1) 3 (1–13) 1 (0–2.5) 0.044* §

Sputum eosinophilia, n 14 1 4 6 0.037

Sputum neutrophils (%) 42 (31–48) 44.5 (35–51) 58 (47–67) 53.5 (45–69) <0.001 ¶

Sputum neutrophilia, n 1 1 3 10 0.017 ¶

IL-1β (pg/mL) 2.7 (0.9–5.2) 2.5 (1.1–5.3) 4.9 (3.4–14.7) 3.4 (1.4–6.0) 0.418

IL-1RA (pg/mL) 2449.1 (1708.0– 

4338.8)

5236.5 (3536.3– 

6101.0)

8191.4 (2176.7– 

9486.8)

2883.9 (1629.7– 

7579.0)

0.238 ¶

IL-3 (pg/mL) 11.8 (9.0–22.5) 31.5 (11.8–38.5) 11.1 (0–34.8) 12.8 (9.6–18.5) 0.315*

IL-6 (pg/mL) 0 (0–5.7) 0 (0–0) 11.4 (7.2–16.2) 21.9 (10.7–60.7) <0.001* ¶ $

IL-7 (pg/mL) 0 (0–0) 0 (0–1.0) 3.6 (1.1–6.3) 1.1 (0–1.8) 0.001* ¶

IL-8 (pg/mL) 149.3 (50.0–283.2) 166.6 (115.1–225.2) 940.5 (344.5– 
1291.4)

627.5 (324.7–1450.7) <0.001* ¶ $

IL-33 (pg/mL) 2.6 (2.3–2.9) 2.5 (2.3–2.6) 3.3 (3.1–5.2) 2.7 (2.5–3.4) 0.042* ¶

CCL2 (pg/mL) 1.8 (0–4.8) 1.8 (0–3.8) 8.3 (3.9–31.2) 6.7 (2.6–22.3) 0.008 ¶

CCL4 (pg/mL) 0 (0–3.6) 0 (0–0) 10.0 (5.7–22.1) 12.3 (3.5–31.5) <0.001* ¶ $

CCL24 (pg/mL) 4.5 (4.2–4.9) 3.9 (3.8–4.0) 5.2 (4.6–11.6) 5.0 (4.3–23.6) 0.007* § ¶ $

CCL26 (pg/mL) 4.6 (3.1–5.4) 3.9 (3.1–4.6) 3.9 (3.1–6.9) 4.6 (3.5–5.8) 0.735

CXCL10 (pg/mL) 79.0 (42.6–251.3) 88.5 (14.0–113.0) 450.1 (122.6– 

1085.5)

134.7 (67.5–325.3) 0.047* ¶

NE (ng/mL) 12.5 (9.6–30.7) 11.9 (9.6–32.6) 35.1 (22.7–50.2) 23.4 (14.3–58.0) 0.036 ¶

MMP-9 (ng/mL) 17.3 (13.5–26.8) 17.7 (14.0–25.4) 36.9 (34.1–36.9) 36.9 (20.2–36.9) 0.001* ¶

TSLP (pg/mL) 8.8 (7.5–11.1) 7.7 (7.1–7.9) 9.0 (8.0–10.8) 8.5 (7.1–10.7) 0.290

FGF2 (pg/mL) 3.6 (0–5.7) 0 (0–0) 5.7 (3.6–9.0) 3.1 (0–7.0) 0.367

G-CSF (pg/mL) 0 (0–22.3) 0 (0–5.1) 123.5 (79.1– 
159.2)

44.3 (14.7–196.7) <0.001* ¶ $

TNF-α (pg/mL) 0 (0–5.9) 0 (0–0) 13.1 (6–20.4) 6.7 (0–11.5) 0.002* ¶ $

Notes: Results are presented as median (25th–75th quartiles) or frequency (percentage). Sputum eosinophilia ≥3%; sputum neutrophilia ≥60%. For multiple comparisons, 
we indicate the significance by: § Between subgroups 1 and 2. ¶ Between subgroups 1 and 3. $ Between subgroups 2 and 4. *Significant after adjustment for age.
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inflammatory process that could be a target for pharmaco-
logical intervention aimed at amelioration of disease pro-
gression. In this study, we included patients with mild-to- 
moderate asthma and COPD who were well-characterised 
on the basis of clinical and routine laboratory parameters. 
Although the comparative analysis of clinical features 
differentiated asthma and COPD very well, the compari-
son of cytokine profiles poorly distinguished these two 
disorders, yet these profiles were markedly different from 
those in the control group. Only a combination of five 
variables, namely IL-6, IL-8, CCL4, FEV1/VC ratio pre- 
BD (%) and sputum neutrophils (%), yielded high sensi-
tivity and specificity in the differentiation between asthma 
and COPD.

In the next step, profiles of asthma and COPD were 
characterised by cluster analysis. We identified two main 
clusters: cluster 1 and cluster 2, with asthma and COPD 
predominance, respectively. Cluster 1 was shared between 
asthma and COPD patients with evidence of eosinophilic 
airway inflammation. This cluster was characterised by 
a low level of Th1 and, surprisingly, Th2 mediators despite 
the increased eosinophil proportion in sputum. Although 
asthma is typically considered as type 2 inflammation- 
related disease, it is estimated that even half of asthma 
patients may not exhibit this type of inflammatory 
process.21 As these patients do not express an increased 
level of Th2 cytokines, treatment directed against type 2 
inflammation may not be beneficial.22,23 On the other 
hand, the low level of Th2 cytokines observed in subgroup 
1 might be associated with milder stage of the disease 
when airway inflammation is less intense than in more 
severe stages. Th1 and Th2 mediator levels as well as 
neutrophilic inflammation were enhanced in cluster 2.

In further analysis, we categorized patients within the 
main clusters according to clinical diagnosis of asthma or 
COPD in order to investigate why some asthma patients 
were clustered together with COPD and vice versa. 
Interestingly, asthma and COPD patients within cluster 1 
differed in terms of their clinical characteristics and spu-
tum eosinophil count, but except for CCL24 no other 
differentiating inflammatory mediators were found. 
Similar to cluster 1, in cluster 2 the differences between 
clinical characteristics of asthma and COPD patients were 
not accompanied by different cytokine profile. We found 
subgroups with a different severity of inflammation among 
asthma and COPD patients. Subgroup 3 is a cluster of 
asthma patients with more severe airway inflammation 
than asthmatics in subgroup 1. Likewise, subgroup 4 is 

a group of COPD patients with more intense inflammation 
than COPD patients in subgroup 2.

The inflammatory profile of asthmatics from subgroup 
3 was associated with type 2 as well as type 1 immunity. 
Highly elevated level of CXCL10, a well-studied chemoat-
tractant for Th1 cells, was found in subgroup 3.24 Gauthier 
showed that IFN-γ induced expression of CXCL10 in 
severe asthmatics correlated with markers of poor disease 
control and was related to corticosteroid resistance.25 

Moreover, we found an increased level of TNF-α in sub-
group 3 compared to asthmatics from subgroup 1. It was 
reported that elevated lung levels of TNF-α was linked to 
severe and/or steroid-resistant asthma.26,27 Also, this sub-
group had an increased sputum neutrophil count. In stable 
asthma, airway neutrophilia is uncommon; however, it 
may occur.28 Neutrophilic inflammation in subgroup 3 
might be explained by a high level of IL-8 which is one 
of the most potent neutrophil chemoattractant.29 

Additionally, other mediators of neutrophilic inflammation 
were increased in subgroup 3. These include G-CSF which 
is related to asthma progression,30 IL-6 which correlates 
with an impaired lung function in asthmatics,31 MMP-9 
which is an important marker of neutrophilic 
activation,32,33 NE plays a role in the development of 
allergic airway inflammation and airway hyperreactivity 
in animal model,34 and IL-1RA produced by neutrophils.35

Our combined analysis showed that among asthma 
patients with mild-to-moderate disease there is a distinct 
subgroup of patients who shared similar clinical features 
with other asthma patients, but had considerably different 
inflammatory pattern in sputum samples, likewise in 
COPD patients. This supports the concept of “treatable 
traits“ in obstructive lung diseases, which highlights the 
need to use lung function parameters in combination with 
biomarkers that reflect underlying pathophysiologic 
mechanism. Therefore, an appropriate classification of 
obstructive lung diseases that incorporates clinical and 
molecular features is needed to facilitate personalised 
treatment. Precision medicine shows benefits in well- 
characterised severe patients36,37 but is not applied to 
mild asthma and COPD patients attended in primary 
care. Corticosteroids are the mainstay of asthma therapy; 
however, non-type 2-driven inflammation is often steroid 
insensitive, and steroids might contribute to increased air-
way neutrophilia.38 In order to avoid a potential relative 
predominance of Th1 immune mediators associated with 
corticosteroid therapy which suppresses Th2 adaptive 
inflammation, only patients with mild and moderate 
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disease who did not receive either inhaled or systemic 
corticosteroids were included to this study. Hence, we 
believe that the imbalance between Th1/Th2 response 
toward Th1 dominance in one subgroup of asthma is 
related to the natural course of disease in these patients, 
is not a bias caused by the treatment.

Several studies have attempted to identify homoge-
neous clusters of obstructive lung diseases in a combined 
cohort of asthma and COPD patients irrespective to clin-
ical diagnosis. However, there has been a significant het-
erogeneity in terms of data included in cluster analyses. 
Ghebre et al analysed clinical parameters, sputum media-
tors, and microbiome communities at exacerbation in clus-
ters identified by factor scores derived from inflammatory 
mediators.39 Górska et al incorporated clinical, physiolo-
gical, and inflammatory mediator characteristics.40 Diver 
et al performed clustering using microbiome sequencing 
data.41 Weatherall et al selected clinical data and pulmon-
ary function tests.42 The comparison of clusters identified 
in these studies is challenging due to discrepancies in 
methodology, population, and data selection. 
Additionally, most studies were conducted in cohorts of 
severe stage of diseases or during exacerbations. 
Nevertheless, there was some resemblance between the 
results of our study and clusters previously reported. 
Cluster 2 in our study shares common features with 
Cluster 3 found by Ghebre et al and included older and 
overweighted (BMI >27 kg/m2) patients with similar spu-
tum cellular composition, and increased Th1 mediators.39 

It should be noted, however, that the study by Ghebre et al 
included asthma and COPD patients during exacerbation. 
Regardless of statistical methods used studies on pheno-
typing of obstructive pulmonary diseases clearly show that 
asthma and COPD are heterogeneous and overlapping 
diseases. Our results also confirmed this observation. We 
were able to identify different phenotypes which were not 
“average” asthma or COPD.

Our study has some limitations. The sample size was 
relatively small for cluster analysis. However, the number of 
patients was limited by a broad panel of cytokines measured. 
Another limitation is that we included only two stages of 
disease severity and did not analyse the patients according to 
the severity of the disease. Also, we are aware that our 
model has limited usefulness in the daily clinical practice. 
Much effort has been focused on establishing biomarkers in 
easily accessible and non-invasive samples such as blood. 
However, due to blood’s systemic nature, induced sputum 
along with bronchoalveolar lavage fluid and tissue samples 

remain the most relevant samples for studying phenotypes 
and endotypes in lung diseases.

Conclusions
In summary, we found that the inflammatory profile of 
sputum samples from patients with stable mild-to- 
moderate asthma and COPD is not disease specific, varies 
within the disease and might be similar between these 
diseases. Our findings are in line with ‘treatable traits’ 
concept and label-free approaches and highlight the impor-
tance of identification of different phenotypes also in 
milder stages of obstructive airway diseases.
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