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Introduction
Chronic obstructive pulmonary disease (COPD) is characterized by the presence of chronic airway inflammation,
persistent respiratory symptoms and a progressive decline in lung function. Airway inflammation might be heterogeneous
involving different cellular mechanisms. While the role of airway neutrophils in the pathogenesis of COPD is well
established,1 recent data have demonstrated elevated sputum eosinophils in nearly 20% of COPD patients with different
disease severities.2 So far, the role of eosinophils in COPD is almost limited to the use of blood eosinophil count as
predictor for patients who are likely to benefit from inhaled corticosteroids (ICS) therapy to reduce the risk of
exacerbation.3 Moreover, little is known about the prevalence of airway eosinophilia and its impact on lung function
in early stages of COPD, i.e. in patients with mild stable COPD or symptomatic smokers who are at risk for COPD. It has
been suggested that small airway obstruction represents the earliest stage of COPD that precedes the onset of
emphysematous lung destruction.4 We have recently demonstrated that eosinophilic rather than neutrophilic airway
inflammation is the main driver of small airway dysfunction in asthma.5 However, the impact of airway eosinophilic
inflammation on lung function in patients with COPD remains uncertain. In this study, we sought to investigate the
association between airway eosinophilic inflammation and lung function, particularly small airway dysfunction, in early
stages of COPD.

Methods
We present a cross-sectional subgroup analysis of patients included in the cohort of Change in Airway Peripheral Tone in
COPD (CAPTO-COPD), a longitudinal observational multicenter study in Germany (https://clinicaltrials.gov/ct2/show/
NCT04166812). The study protocol was approved by local ethics committees (Ärztekammer Schleswig-Holstein and
Medical Ethics Committee of Heidelberg University) and was performed in accordance with the Declaration of Helsinki
and Good Clinical Practice Guidelines. Written informed consent was obtained before enrollment. Overall, 152 subjects
were recruited at baseline. Subjects included in this analysis (n = 69) were those who gave their consent to perform
sputum induction. Subjects were either patients with mild COPD (post-bronchodilator FEV1/FEVC < 0.7 and FEV1 ≥
70%) or (ex)-smokers at risk for COPD. Subjects at risk for COPD did not have fixed airflow obstruction (post-
bronchodilator FEV1/FVC ≥ 0.7) but had a smoking history of ≥ 10 pack years and persistent respiratory symptoms
(CAT score ≥ 10) or a regular treatment with long-acting bronchodilator. In addition to spirometry, lung function was
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evaluated using body plethysmography, airwave oscillometry (AOS), sulfur hexafluoride (SF6) multiple breath washout
testing (MBW), according to the latest European Respiratory Society (ERS) recommendations. Sputum was induced
using inhaled hypertonic saline (3%, 4%, and 5%) for seven minutes each, and processed according to standard operating
procedures.6 Subjects were stratified according to sputum eosinophils count into eosinophil-high (≥ 2%) and eosinophil-
low (<2%), respectively.2 For the assessment of respiratory symptoms and disease-specific health status we used St
George’s Respiratory Questionnaire for COPD patients (SGRQ-c) and COPD Assessment Test (CAT). A t-test or
Wilcoxon-test was used to compare clinical and lung function characteristics between both groups. In this exploratory
analysis multiplicity adjustments were not done. Linear multivariate regressions were applied to investigate independent
predictors of lung function. In absence of ethnic variations, the regressions were adjusted for age, sex and height.
Predictors of lung function were smoking status (current vs former), smoking quantity (pack years), the percentage of
sputum eosinophil and neutrophil counts. Statistical analyses were performed using R (version 3.6.2, R Foundation,
Vienna, Austria). An alpha error of less than 5% was considered statistically significant.

Results
We induced sputum in 69 subjects (mean age, 65 ± 7 years; 55% male; mean body mass index, 27.5 ± 4.6 kg/m2).
Thereof, 45 patients with mild COPD and 24 (ex)-smokers at risk for COPD. None of the subjects had a history of
asthma and a bronchodilation test demonstrated a limited FEV1 reversibility (mean post-BD increase in FEV1: 5 ± 4%,
140 ± 110 mL). Nineteen percent of the subjects (n = 13; 8 patients with COPD and 5 (ex)-smokers at risk) were
eosinophil-high and had markedly elevated sputum eosinophil and peripheral blood eosinophil counts compared with
eosinophil-low subjects (Table 1). By contrast, levels of fractional exhaled nitric oxide and the sputum neutrophil count
were similar in both groups (Table 1). Furthermore, no significant difference between patients with low and high
eosinophils with regard to age, sex, anthropometric parameters or smoking status could be observed (Table 1). The
number of subjects who had ICS therapy was similar between both groups. However, a greater proportion of eosinophil-
high subjects had a therapy with long-acting bronchodilators (Table 1). In spite of this, eosinophil-high subjects had
increased lung function impairment compared with eosinophil-low subjects. In addition to large airway obstruction
(FEV1), eosinophil-high subjects had increased small airway dysfunction as indicated by distal airway obstruction
(MEF50, MEF75), air trapping (RV, RV/TLC), lung hyperinflation (IC, FRC), and the ensuing acinar (Sacin) and global
ventilation inhomogeneity (LCI), see Table 1. Measures of oscillometry (AX, R5–19) did not differ between both groups.
SGRQ-c and CAT total scores were also similar in both groups. Multivariate regressions, adjusted for age, sex and
height, indicated that sputum eosinophil count is an independent predictor for IC (L) (multiple R2, standard estimator,
p-value for eosinophils predictor: 0.63, −0.197 and p = 0.014), IC/TLC: (0.31, −0.330, p = 0.003), RV/TLC: (0.40, 0.241,
p = 0.019), Sacin: (0.29, 0.985, p = 0.018), and LCI: (0.18, 0.317, p = 0.05). A trend was found for FRC (L): (0.58, 0.149,
0.08), but neither for FEV1 (l): (0.65, −0.057, p = 0.59) nor for MEF25, 50 or 75.

Sputum neutrophil count was also an independent predictor for FRC (L): (0.58, 0.207, p = 0.022) and RV (L): (0.43,
0.226, p = 0.02). Smoking status, yet not quantity, was an independent predictor for FEV1, FRC and RV/TLC, (all
p-values for smoking status predictor <0.05). The regression analysis for measures of oscillometry (AX, R5–19) yielded
poor fitting models (multiple R2<0.10) and did not demonstrate significant predictor of both measures.

Among predictors of lung function, sputum eosinophil count was a stronger predictor for small airway dysfunction
(Sacin, LCI, IC/TLC and RV/TLC) than for central airway obstruction (FEV1, sRtot) or the inhomogeneity in the
conductive airway (Scond), Figure 1. In addition, the sputum eosinophil count was a stronger predictor than the sputum
neutrophil count for Sacin, LCI, IC/TLC and RV/TLC, Figure 1. Smoking status (former vs current) was the strongest
predictor of lung function and no association between the smoking status and the classification of patients to eosinophil-
high and eosinophil-low could be observed (Fisher’s exact test p = 0.54). Likewise, sputum neutrophil count was similar
between current and former smokers (75 [64–82] vs 72 [58–81], %), p = 0.44).

Discussion
This study demonstrates that sputum eosinophil count is an independent predictor for small airway dysfunction, rather for
central airflow obstruction, after adjustment for potential predictors of lung function in COPD. Despite using a long-
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Table 1 Clinical and Lung Physiology Characteristics in Patients Stratified According to Sputum
Eosinophils Count

Characteristic Eosinophil-Low Eosinophil-High P-value
n = 56 n = 13

Age, year 65±6 64 ±7 0.81

Male sex, n (%) 32 (56) 6 (46) 0.54
BMI, kg/m2 27.8 ±4.6 26.4 ±4.4 0.33

Height, cm 172 ±11 172 ±10 0.99

Ex-smokers, n (%) 24 (44) 4 (30) 0.53
Smoking quantity, PY 45±25 43±16 0.67

Sputum eosinophils, % 0.35 (0–0.62) 3.0 (2.8–4.5) <0.001

Sputum neutrophils, % 75 (59–81) 74 (64–81) 0.93
Blood eosinophils, /μL 179 (117–226) 274 (235–368) <0.001

FeNO, ppb 12 (7–16) 9 (7–39) 0.82

Inhaled therapies, n (%)
Corticosteroids 11 (19) 2 (15) 1.0

Long-acting beta agonist 16 (28) 7 (53) 0.10

Long-acting muscarinic
antagonist

10 (17) 8 (61) <0.01

Pre-BD FEV1, % 83 ±13 75 ±12 0.046

Post-BD FEV1, % 88 ±12 79 ±12 0.037
Post-BD FEV1 reversibility, % 5 ±5 6 ±4 0.88

Pre-BD FEV1/FVC % 62 ±8 58 ±9 0.20

Post-BD FEV1/FVC % 65 ±8 60 ±9 0.14
Pre-BD FVC, % 102 ±13 99 ±14 0.45

Post-BD FVC, % 104 13 102 16 0.61

Pre-BD MEF25, % 30 ±14 24 ±9 0.084
Post-BD MEF25,% 33 ±15 26 ±14 0.093

Pre-BD MEF50, % 45 ±20 35 ±15 0.064
Post-BD MEF50, % 51 ±23 38 ±17 0.021

Pre-BD MEF75, % 69 ±24 52 ±19 0.01

Post-BD MEF75, % 75 ±25 56 ±23 0.017
sRtot, % 73.5 ±63 100.5 ±80 0.26

FRC, % 116 ±23 135 ±32 0.036

RV, % 120 (112–140) 147 (116–163) 0.043
RV/TLC % 42±7 48±7.0 <0.01

IC, L 2.8 ±0.72 2.31 ±0.65 0.023

IC/TLC% 42 ±6 34 ±7 <0.01
R5–19, % 107 (54–199) 174 (31–208) 0.89

AX, % 501 ±500 599 ±1101 0.34

LCI 9.6 ±1.5 10.6 ±1.2 0.026
Sacin, L

−1 0.32 (0.21–0.39) 0.58 (0.38–0.75) 0.032

Scond, L
−1 0.056 (0.03–0.13) 0.062 (0.04–0.12) 0.77

SGRQ-c total score 22.2 ±14 24.3 ±13 0.61
CAT total score 14.1 ±5 14.2 ±7 0.88

Note: Values are presented in mean ±SD and if skewed in median (IQR).
Abbreviations: FVC, forced vital capacity; FEV1, forced expiratory volume in 1 second; MEF, maximal expiratory flow at
25% (MEF50), 50% (MEF50) and 75% (MEF75) of forced vital capacity; FRC, functional residual capacity; RV, residual
volume; TLC, total lung capacity; sRtot, total specific airway resistance; IC, inspiratory capacity; R5–19, frequency
dependence of resistance between 5 Hz and 19 Hz; AX, area under the reactance curve; LCI, lung clearance index from
MBW that continued until the expired end-tidal SF6 concentration reached <2.5% of the starting concentration; Sacin and
Scond, acinar and conductive ventilation inhomogeneity both measured by MBW; BD, bronchodilation until 400 µg
salbutamol; SGRQ-c, George’s Respiratory Questionnaire for COPD patients; CAT, COPD Assessment Test.
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acting bronchodilator more frequently, eosinophil-high patients had worse lung function than those with low eosinophils.
This study also demonstrates that airway eosinophilia is common in early COPD and can be found in nearly 20% of these
patients even in absence of concurrent asthma features. The reported prevalence of airway eosinophilia in our study is
comparable to previous findings of Hastie et al who reported a prevalence between 14% and 20% based on a sputum
eosinophil cutoff of 1.25% and 2% in a population of COPD patients with different disease severities and a treatment
with ICS in nearly one third of the patients.2 In our study, the early impairment in lung function was best measured
through markers of small airway dysfunction, despite the fact that no significant differences in the FEV1/FVC ratio
between patients with low and high eosinophils were found. This finding is in line with the previously reported results
from surgically resected lung tissue which indicated that small airway dysfunction occurs earlier and independently
from central airflow obstruction,7 which is routinely used for the diagnosis of COPD. It is also noteworthy that sputum
eosinophil count was an independent predictor for small airway dysfunction rather than for the FEV1. The relationship
between lung function and airways eosinophils in COPD is still not fully understood, particularly with regard to the
FEV1, as the role of airway eosinophilia in large airflow obstruction remains uncertain.7,8 However, the reported
relationship between lung function measure of small airway dysfunction and airway eosinophilia in our study confirms
the previous findings from quantitative computed tomography, indicating that increased indices of air trapping and
emphysema in COPD is associated with high sputum eosinophils.2 However, the long-term impact of airway eosinophils
on the progressive decline of lung function needs to be investigated in longitudinal studies.

Identifying airway eosinophilia and its ensuing impact on small airway dysfunction might have therapeutic potential
in selected patients with COPD. Currently, a therapy with ICS in COPD is only recommended in patients with frequent
exacerbation and high blood eosinophil count,3 as ICS has demonstrated a limited impact on lung function of COPD
patients. However, trials on this matter have almost only used the measure of FEV1 to assess the changes in lung function
in non-selected populations of COPD patients.9 Therefore, the pursuance of targeting airway eosinophils in a subgroup of
eosinophilic COPD patients and its impact on small airway dysfunction and patients’ symptoms seems to be reasonable.

The cross-sectional design and small cohort size were the main limitations of this study. However, to the best of our
knowledge, this is the first study demonstrating an association between airway eosinophilia and lung function markers of

Figure 1 Predictors of lung function in early COPD: a heatmap illustrating the power of predictors (x-axis) expressed as standardized estimates (coefficient) from linear
multivariate regressions for lung function measures (y-axis). Colors indicate the positive (red) and negative (violet) impact of the predictor on each lung function measure.
Abbreviations: FEV1, forced expiratory volume in 1 second; MEF, maximal expiratory flow at 25% (MEF50), 50% (MEF50) and 75% (MEF75) of forced vital capacity; FRC,
functional residual capacity; RV, residual volume; TLC, total lung capacity; sRtot, total specific airway resistance; IC, inspiratory capacity; LCI, lung clearance index; Sacin and
Scond, acinar and conductive ventilation inhomogeneity.
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small airway dysfunction in patients with mild or at risk for COPD. Therefore, larger interventional trials investigating
the longitudinal nature of this association and its therapeutic potentials are warranted.

Abbreviations
AX, area under the reactance curve; CAT, COPD Assessment Test; COPD, chronic obstructive pulmonary disease;
FEV1, forced expiratory volume in first second; FRC, functional residual capacity; FVC, forced vital capacity; IC,
inspiratory capacity; LCI, lung clearance index; MBW, multiple breath washout; MEF, maximal expiratory flow; R5–19,
frequency dependence of resistance between 5 Hz and 19 Hz; RV, residual volume; Sacin, acinar ventilation inhomo-
geneity; SAD, small airway dysfunction; SBW, single breath washout; Scond, conductive ventilation inhomogeneity;
SGRQ-c, St George’s Respiratory Questionnaire for COPD patients; sRtot, total specific airway resistance; TLC, total
lung capacity.
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