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Background: Eosinophils are involved in the development of chronic obstructive pulmonary disease (COPD) and 
inhaled corticosteroid responsiveness. We evaluated clinical predictors of high sputum eosinophil levels in a COPD 
cohort in China. 

Methods: We conducted an observational, prospective, population-based, cross-sectional study. Participants were 
tested for COPD and underwent spirometry, computed tomography scans, and a blood test. Participants also produced 
induced sputum and responded to an information-gathering questionnaire. High sputum eosinophils were defined as 
≥3.0%. Multivariate logistic regression was used to identify predictors of high sputum eosinophil levels.

Results: We recruited 895 patients with complete and quality control data. The median percentage of sputum 
eosinophil abundance was 2.00% (interquartile range: 0.75–5.00) and the prevalence of COPD with high sputum 
eosinophils was 38.0%. Covariance analysis indicated that the high sputum eosinophil group had lower lung function, 
more severe emphysema, and air trapping. Multivariate logistic regression indicated that high blood eosinophil levels, 
severe respiratory symptoms, being a former smoker, and a family history of respiratory diseases were associated 
with high sputum eosinophil levels.

Conclusions: High blood eosinophil levels, severe respiratory symptoms, being a former smoker, and a family 
history of respiratory diseases may be predictors of high sputum eosinophil levels in Chinese COPD patients. High 
sputum eosinophils were associated with lower lung function, more emphysema, and gas trapping.

Abstract
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Chronic obstructive pulmonary disease (COPD) is 
characterized by persistent airflow limitation and 
respiratory symptoms caused by airway or alveolar 
abnormalities induced by smoking or exposure to 
noxious particles.1,2 COPD has become a global public 
health challenge because of its high prevalence and 
associated disability and mortality.1,3 The multiplicity of 
risk factors involved results in heterogeneity of clinical 
and pathophysiological traits,4-6 underscoring the 
importance of individualized management and precision 
therapy.5

Eosinophilic airway inflammation is typically 
observed in asthma and not COPD patients, but 
studies have shown that the eosinophilic inflammation 
phenotype is also present in the airways of COPD 
patients.6,7 Importantly, these patients respond well to 
inhaled corticosteroid (ICS) treatment.7,8 Eosinophilic 
inflammation in COPD patients is a good biomarker 
of ICS responsiveness,6,9 and eosinophil levels provide 
guidance in the use of ICSs, especially in the prevention 
of some exacerbations.9 ICS trials have suggested that 
the threshold of a blood eosinophil count ≥300cells/µL 
identifies the top of the continuous relationship with 
ICSs,7,8,10 and severe exacerbations have been reported 
to be reduced by lowering eosinophil levels.11 Increases 
in sputum eosinophils have been related to improvements 
in lung function after short-term prednisone treatment.12 
Therefore, it is important to identify patients who would 
benefit most from target cortical steroid therapy by 
eosinophilic airway inflammation. However, previous 
studies on eosinophilic airway inflammation are mostly 

Introduction

hospital-derived patients, which are affected by diseases 
or drugs and lack of community-based data,13 and the 
prevalence and clinical characteristics of eosinophilic 
inflammation in Chinese COPD patients are still unclear. 
We, therefore, conducted a cross-sectional study of 
clinical predictors of high sputum levels of eosinophils. 
This study provided evidences from community-based 
patients.

Study Design

Our participants were mainly recruited from the 
population-based cohort study of patients with chronic 
airway diseases (ChiCTR 1900024643) conducted in 
the Guangzhou, Shao Guan, and He Yuan communities 
of Guangdong Province, China, between July 2019 
and December 2020.14 Participants aged 40–80 years 
were recruited, and patients with other respiratory-
related diseases, such as asthma, active tuberculosis, 
bronchiectasis, lung cancer, and pulmonary fibrosis, were 
strictly excluded. All participants were tested for COPD 
using an epidemiological questionnaire, spirometry, 
chest computed tomography (CT), blood parameters, and 
induced sputum. This study was approved by the Ethics 
Committee of the First Affiliated Hospital of Guangzhou 
Medical University (No. 2018-53), and written informed 
consent was obtained from all patients.

Epidemiological Questionnaire

The questionnaire used in this study was revised from 
the International Chronic Obstructive Pulmonary 
Epidemiology Research Questionnaire15,16 and the 
Chinese Chronic Obstructive Pulmonary Epidemiology 
Research Questionnaire.17 The technicians who were 
responsible for administering this questionnaire had 
been strictly trained and also passed a training test. The 
information collected mainly included demographic 
variables, respiratory symptoms/disease history, 
comorbidities, smoking status and other potential risk 
factors for COPD, the modified Medical Research Council 
score, the COPD Assessment Test score,18 the Clinical 
COPD Questionnaire score, and drug therapy. Smoking 
status was described as “never-smoker,” “former smoker,” 
or “current –smoker.” Participants who had smoked for 
at least 6 months or had smoked at least 100 cigarettes 
in their lifetime were defined as “current smokers”; 

Materials and Methods

This article contains an online supplement.
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otherwise, they were considered “never-smokers.” 
“Former smoker” was defined as an individual who had 
quit smoking for at least 6 months.19 Smoking index was 
calculated by multiplying regular smoking years by daily 
smoking packs. Family history of respiratory disease was 
defined as any parent or sibling diagnosed with chronic 
bronchitis, emphysema, asthma, or COPD. Clinical COPD 
Assessment Test scores ≥10 points were considered high-
symptom categories.20,21 History of biofuel exposure was 
defined as using firewood or coal for cooking purposes 
for more than 1 year. Occupational exposure to dust, 
fumes, or gases was defined as an exposure lasting more 
than 1 year. Passive smoking was defined as exposure to 
cigarette smoke at home or at work for more than 1 year.22 
The criteria of ICS therapy were defined as a patient who 
had a long-term regular therapy history of ICS or ICS+ 
long-acting muscarinic antagonist (LAMA)/ long-acting 
beta2-agonist (LABA) combo at the time of enrollment 
or during the preceding year. A high level of blood 
eosinophil counts was defined as those over 300cells/µL. 
Chronic cough or chronic phlegm was defined as cough 
or phlegm not occurring during a “cold” and on most days 
for as much as 3 months each year for 2 years. Wheezing 
was the presence of “episodes of wheezing or whistling 
in the chest associated with a feeling of shortness of 
breath, in the past 1 year not occurring during a cold.” 
Dyspnea was defined as “troubled by shortness of breath 
when hurrying on the level or walking up a slight hill.” 
Acute exacerbation was defined as worsening of at least 
2 major symptoms (cough, sputum purulence, sputum 
volume, dyspnea, or wheezing) that persisted for at least 
48 hours, after excluding other diseases (ventricular 
dysfunction, pulmonary embolism, pneumothorax, 
pleural effusion, and arrhythmia).23,24 A mild event 
was one that resulted in domiciliary management with 
COPD medications alone. A moderate event was one that 
resulted in an outpatient or emergency department visit 
and the modification of regimen, including antibiotic 
agents, oral glucocorticoids, or both. A severe event was 
one that resulted in hospitalization.24

Spirometry

Portable spirometers (Master Screen Pneumo PC 
spirometer; Care Fusion, Yorba Linda, California ) were 
used by trained and certified technicians. The method 
of operation followed spirometry guidelines set by the 
American Thoracic Society and European Respiratory 
Society.25 Quality control checks for the measurement 

results were based on criteria from these entities and 
conducted by an expert panel of physicians and senior 
technicians. After spirometry testing, participants were 
instructed to inhale 400mL of salbutamol from 500-mL 
storage tanks. After 20min, the pulmonary ventilation 
tests were repeated. Participants with COPD were 
defined as those having a forced expiratory volume in 
1 second (FEV1) to forced vital capacity ratio (FVC)<0.7 
after bronchodilator use, and COPD was classified by 
the percentage of predicted FEV1. A positive bronchial 
reversibility test was defined26 as an increase of 12% in 
FEV1 after inhalation of bronchodilator and improvement 
in absolute value of more than 200mL. 

Imaging

Detailed CT protocols adopted in the study followed 
the COPD Genetic Epidemiology study.27 Quantitative 
analysis of emphysema severity and gas trapping 
was performed on segmented images using software 
programs (3D Slicer).28 Low-attenuation area of the 
lung with attenuation values below −950 Hounsfield 
units (LAA−950) in inspiratory was used as a quantitative 
evaluation index of emphysema.29 Low-attenuation 
area of the lung with attenuation values below −856 
Hounsfield units (LAA−856) in expiratory was used 
as a quantitative evaluation index of air trapping. We 
converted data of emphysema and air trapping into 
natural logarithm (Ln) because those CT variables were 
not normally distributed. Covariance analysis was used to 
determine associations between high sputum eosinophils 
with emphysema and gas trapping.

Peripheral Blood

Peripheral blood was collected by well-trained staff 
using an ethylenediamine tetraacetic anticoagulant 
tube to collect 3mL of blood and then gently inverted 
3–5 times. The collected blood samples were stored at 
room temperature for at least 30 min, and then sent 
to the clinical laboratory to complete the blood routine 
indicators.

Induced Sputum 

Induced sputum examination and processing were 
performed by professional personnel in accordance 
with a published method.30,31 Each participant inhaled 
nebulized saline (3%) in 3 sequential 7-min inhalation 
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periods from an ultrasonic nebulizer with an output 
of 1.5mL/min. Staff patted each participant’s back 
at intervals to promote expectoration. Participants 
were then asked to rinse their mouths and throats and 
expectorate sputum into a Petri dish, and the quality 
of sputum was evaluated under light microscopy at 
10× magnification. The standard for qualified sputum 
specimens was that the percentage of squamous cells 
in the cell count classification32 was <20%. Qualified 
sputum plugs were then selected and weighed. Sputum 
was processed within 3 hours of sampling for optimum 
cell viability. A volume of phosphate-buffered solution 
containing 0.1% dithiothreitol was used to digest the 
sputum. Portions were agitated by vortexing, placed 
on ice for 15 minutes, rocked on a bench rocker for 
5 minutes, filtered through 48-mm nylon mesh into a 
conical tube, and centrifuged at 3000 rpm and 4°C for 
10 minutes. The sputum supernatant was discarded. The 
cell pellet was resuspended in 1000μL of phosphate-
buffered saline. Thirty microliters of cell suspension were 
used to make a cell smear, and sputum cells were stained 
with hematoxylin and eosin. On average, 2 slides were 
prepared for each patient. The slides were placed in an 
oven at 65°C for 20 minutes and then sealed with resin. 
At least 400 non-squamous cells were counted under 
light microscopy, including neutrophils, eosinophils, 
macrophages, lymphocytes, and epithelial cells. The 
absolute count and percentages of each cell type were 
recorded. For airway inflammatory phenotypes, ≥3.0% 
of sputum eosinophils were considered to represent high 
eosinophil airway inflammation33 and participants were 
divided into 2 groups using this cut-off point.

Statistical Analysis

All data were analyzed using SPSS version 26 (IBM SPSS, 
Armonk, New York). Continuous variables are presented 
as mean±standard deviation or median (interquartile 
range [IQR]), and categorical variables are expressed 
as frequencies and percentages. The difference between 
cohorts for each variable was evaluated using Student’s 
t-test or the Mann-Whitney U test for continuous 
variables and the Chi-squared test or Fisher’s exact test 
for categorical variables. Covariance analysis was used 
to calculate emphysema and air trapping parameter 
differences between the 2 groups and adjusted for potential 
confounders. Multivariate logistic regression was used to 
determine predictors of high sputum eosinophils, and 
odds ratios (ORs) were calculated after adjustment for 

age, sex, body mass index, smoking status, pack years of 
smoking, family history of respiratory diseases, biofuel 
exposure, exposure to occupational irritants, passive 
smoke, the history of inhaled corticosteroid therapy, 
level of blood eosinophil, and respiratory symptoms. 
We used variance inflation factor to test the collinearity 
between variables. Variables with a p value <0.05 were 
considered statistically significant.

Results

Participant Demographics 

We included a total of 895 spirometry-defined COPD 
patients with complete data and qualified pulmonary 
function quality control, with a mean age of 65.1 years 
(standard deviation: 7.2) years in our study. A total of 
845 (94.4%) of the patients were male, 549 (61.3%) 
were current smokers, and 244 (27.3%) were former 
smokers (Table 1). Overall, eosinophil levels in sputum 
exhibited a skewed distribution, with a median eosinophil 
abundance of 2.00% (IQR: 0.75–5.00) in spirometry-
defined COPD patients, a mean of 4.03% (Figure 1B), and 
a median blood eosinophil count of 180cells/µL (IQR: 
110–290; Figure 1A). Importantly, sputum eosinophil 
proportion was significantly positively correlated with 
blood eosinophil count (p = 0.431, p < 0.001) (Figure 2)

The median sputum eosinophil abundance was 
1.17% (IQR: 0.25–4.00) in women and 2.00% (IQR: 
0.75–5.00) in men. There was no significant difference 
in sputum eosinophil level between patients aged over 
60 years old and those under 60 years old (2.00% [IQR: 
0.75–5.00] versus 1.87% [IQR: 0.75–4.50], p=0.472). 
Sputum eosinophil levels in COPD patients who had 
previously smoked were higher than in participants who 
never smoked (2.78% [IQR: 0.90–6.54] versus 1.24% [IQR: 
0.25–3.75], p<0.001) and those current smoking (2.78% 
[IQR: 0.90–6.54] versus 1.82% [IQR: 0.75–4.16], p<0.001; 
Figure 3). Sputum eosinophil levels in participants 
with high respiratory symptoms were higher than in 
participants without (2.92% [IQR: 1.15–5.80] versus 
1.75 [IQR: 0.75–4.75], p=0.001). Figure 3 shows the 
detail characteristics of the study population. 

Table 1 lists the demographic characteristics of the 
study participants stratified by sputum eosinophil levels 
(<3.0% or ≥3.0%). There was no significant difference 
in age, gender, body mass index, and comorbidities 
between the 2 groups. But the participants in the high-
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level group had a higher proportion of former smokers 
(35.0% versus 22.5%, p<0.001), more family history of 
respiratory diseases (22.9% versus 14.1%, p=0.001), a 
higher level of blood eosinophils (243 [160–385]cells/µL 

versus 150 [93–223]cells/µL, p<0.001) and a higher 
proportion of inhaled corticosteroid therapy history 
(7.9% versus 3.6%, p=0.005) than participants in the 
low-level group. In addition, participants in the high 
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sputum eosinophil group exhibited more respiratory 
symptoms such as chronic cough, chronic expectoration, 
wheezing, and dyspnea, as well as a worst quality of life.

Spirometry and Imaging

Adjusted for potential confounding factors, patents with 

high sputum eosinophils had lower pre-bronchodilator 
FEV1 (1.23±0.06 versus 1.38±0.06, p<0.001), 
FEV1/FVC (49.06±0.99 versus 52.68±1.00, p<0.001) 
and FEV1%predicted (59.38±2.08 versus 64.69±2.08, 
p<0.001) compared with low sputum eosinophils (Table 
2). After using a  bronchodilator, patients with high 
sputum eosinophils had lower FEV1 (1.35±0.06 versus 
1.50±0.06, p<0.001), FEV1/FVC (50.28±0.97 versus 
53.68±0.96, p<0.001) and FEV1%predicted (65.14±2.02 
versus 70.15±2.02, p<0.001) compared with patients 
with low sputum eosinophils. There was no difference 
in airflow reversibility between the 2 groups (p=0.13). 
Indices of emphysema (LAA−950) and air trapping 
(LAA−856) differed statistically between the 2 groups 
(Table 2). The high sputum eosinophils (≥3.0%) group 
had significantly more Ln (LAA−950) (0.45±0.18 versus 
0.14±0.18, p=0.010) and Ln (LAA−856) (3.34±0.11 
versus 3.18±0.11, p=0.035) than the low-level group 
(<3.0%) (Figure 4). We got a similar conclusion after 
excluding the influence of ICS therapy (Table S1 in the 
online supplement).

Clinical Predictors of High Sputum Eosinophils

Variables related to COPD according to previous literature 
included age, sex, body mass index, smoking status, family 
history of respiratory diseases, biofuel exposure, exposure 
to occupational irritants, passive smoke, the history of 
inhaled corticosteroid therapy, blood eosinophils level, 
and respiratory symptoms and were entered into the 
forced-entry multivariate logistic model. Smoking status, 
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a family history of respiratory disease, high respiratory 
symptoms, and high level of blood eosinophils were 
associated with high sputum eosinophils (Table 3). 
Since previous ICS medications may affect the level of 
eosinophils in patients, we excluded patients with a 
history of ICS therapy and got a similar result (Table S2 
in the online supplement).

To our knowledge, this is the first study to investigate 
the factors of high sputum eosinophils in Chinese COPD 
patients. Three important findings were found in this 
study. First, in this cohort, the median value of sputum 
eosinophils was 2.00% (IQR: 0.75–5.00), and the 
prevalence of participants with high sputum eosinophils 
was 38.0% when using a threshold of 3.00%. Second, the 

Discussion



420 Predictors of High Sputum Eosinophils

journal.copdfoundation.org   JCOPDF © 2022 Volume 9 • Number 3 • 2022

For personal use only. Permission required for all other uses.

quality-of-life score of participants in the high sputum 
eosinophils group was worst, and this group had lower 
lung function, more severe emphysema, and air trapping. 
Third, high blood eosinophil levels, severe respiratory 
symptoms, being a former smoker, and a family history 
of respiratory diseases may be predictors of high levels 
of sputum eosinophils.

Clinical studies have shown that high eosinophilic 
COPD may be a specific clinical phenotype.7,9,34 ICS 
treatment has a good effect on patients with COPD 
with the eosinophilic airway inflammatory phenotype, 
and a value of 300 eosinophils/µL peripheral blood 
is often used as the application indication for ICSs. 
However, blood eosinophil levels can fluctuate greatly 
and are susceptible to multiple factors,35 requiring 

further assessment of eosinophilic airway inflammation. 
Sputum eosinophils have been reported to be confined 
to the distal airway, and their levels may more directly 
reflect the status of pulmonary eosinophilic airway 
inflammation.36,37 Elevated blood eosinophils were 
associated with COPD exacerbations only in combination 
with elevated sputum eosinophils,38 underscoring the 
importance of monitoring sputum eosinophil levels. 
Therefore, exploring sputum eosinophils can better 
identify airway eosinophilic inflammatory phenotype, so 
as to better guide the use of ICSs.

Current research on COPD and eosinophilic 
inflammation is mainly based on clinical features and 
phenotypes. Age has been suggested to be related to COPD 
with the eosinophilic inflammatory phenotype,6,39 but 
this indication was obtained through univariate analysis. 
Our study didn’t confirm an association between age 
and eosinophilic airway inflammation using multivariate 
analysis, we found that age was not associated with 
sputum eosinophil levels. This may be because the 
COPD patients we included in the study were older. 
Another study reported that sex was closely associated 
with eosinophilic airway inflammation and that men 
were more likely to have higher levels of eosinophils,40 
contrary to our findings. As the proportion of women in 
our cohort was smaller, there may have been a certain 
population bias. The differences also may be related to 
factors such as ethnicity. Therefore, the relationship 
between sex and eosinophilic airway inflammation 
warrants further study.

We found that cigarette smoking was also associated 
with high sputum eosinophils, consistent with a former 
report.41 Smoking can induce acute lung injury by 
recruiting and activating eosinophils in some patients.41 
We found higher counts of sputum eosinophils in former 
smokers than in never-smokers, but no difference in 
sputum eosinophils between current smokers and never-
smokers. This might be attributable to disease severity, 
which led participants to quit smoking. The relationship 
between blood eosinophils and sputum eosinophils has 
been reported in many studies, whether eosinophils in 
patients with stable COPD can predict sputum eosinophils 
remains controversial.38,42,43 Our study confirmed that 
high levels of blood eosinophils were effective predictors 
of sputum eosinophils. It was demonstrated that the 
concentrations of many cytokines were increased in 
the bronchial mucosa of COPD patients.44 Eosinophilic 
inflammation has been associated with a decline in FEV1 
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and a susceptibility to more asthma symptoms.45 We 
found that the degree of emphysema and gas trapping in 
the high eosinophil levels group was more pronounced, 
perhaps because of aggregation of eosinophils in the 
distal airway and the resultant lung injury, consistent 
with previous findings.38 This suggested that patients 
with high levels of sputum eosinophils should pay more 
attention. A total of 47 (5.3%) patients we included had 
a long history of ICS therapy. Because long-term use 
of ICSs is strongly associated with eosinophil levels in 
patients, we did subgroup analysis to exclude the impact 
of ICS therapy in our study. The research results are 
consistent with previous ones. 

Some potential limitations in our study should be 
mentioned. First, there might exist a selection bias in 
our study because some participants were not able to 
successfully induce sputum, especially nonsmoking 
female participants. There was no significant difference 
in other aspects between successful and unsuccessful 
induction groups. However, our sampling was conducted 
in strict accordance with the standard protocol30 and 
the success rate of induced sputum was 80.6% (Table 
S3 in the online supplement), which is higher than in 
other studies.31,46 Second, we excluded patients with 
previously diagnosed asthma; it is possible that asthma 
is underdiagnosed in China because of limited medical 
resources. However, we have reason to believe that low 
asthma rates in the community do not affect our main 

findings.47 Parasitic infection is also a common cause 
of high sputum eosinophils, but we did not investigate 
an infectious state. However, the prevalence of parasitic 
infection is low in China because of improvements in 
national prevention and control strategies.48,49 The 
median blood eosinophil level in our study population was 
180cells/µL (IQR: 210–290), similar to values recorded 
in other countries with low parasitic infection rates.50 
Third, patients with COPD in our study were diagnosed 
only from a single spirometry, and these readings may 
fluctuate or even reverse in some participants.51,52 
Therefore, overdiagnosis or underdiagnosis of COPD 
may be a concern in our study.

In summary, we found that high blood eosinophil levels, 
severe respiratory symptoms, being a former smoker, and 
a family history of respiratory diseases may be predictors 
of high levels of sputum eosinophils in Chinese COPD 
patients. High sputum eosinophils were associated with 
lower lung function, more emphysema, and gas trapping. 
Our findings may assist clinicians in identifying airway 
inflammation phenotypes to achieve individualized and 
precision therapy.

Conclusion
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