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Introduction: Measurements of eosinophils in induced sputum and fractional exhaled nitric 

oxide (FeNO) are noninvasive biomarkers for assessing airway inflammation phenotypes in 

chronic obstructive pulmonary disease (COPD). Nevertheless, the clinical application of the 

correlation between FeNO levels and sputum eosinophilia is controversial. The study aimed 

to investigate the correlation and predictive relationship between FeNO levels and sputum 

eosinophils in patients with COPD exacerbation. It also examined the relationship between 

FeNO levels and blood eosinophil percentage.

Methods: A total of 163 patients with COPD exacerbation were included in the cross-

sectional study. All patients underwent the following on the same day: FeNO test, spirometry, 

bronchodilator reversibility test, induced sputum, and routine blood test. They were classified 

as eosinophilic group or noneosinophilic group based on sputum eosinophilic percentage 

(2.5%)/FeNO levels (32 parts per billion [ppb]).

Results: FeNO levels and blood eosinophilic percentage were higher in patients with sputum 

eosinophilia (n=62) compared to those without (31.35 ppb versus 21.43 ppb, P=0.015; 2.71% 

versus 0.98%, P0.0001, respectively). Sputum eosinophilic percentage was higher with 

raised FeNO (n=34) compared to those with FeNO 32 ppb (5.12% versus 3.12%, P=0.007). 

Eosinophils in induced sputum correlated with both FeNO levels (ρ=0.221, P=0.005) and blood 

eosinophilic percentage (ρ=0.399, P0.001). There was no relationship between FeNO and blood 

eosinophilic percentage. Blood eosinophilic percentage was predictive of sputum eosinophilia 

(95% confidence interval [CI] =0.65–0.81, P0.001) at a cutoff point of 0.65% (sensitivity =73%, 

specificity =61.3%). FeNO levels were predictive of sputum eosinophilia (95% CI =0.53–3,071, 

P=0.012) at a cutoff point of 17.5 ppb (sensitivity =65.1%, specificity =56.4%).

Conclusion: The clinical relevance of this study provides evidence that inflammatory biomark-

ers, including sputum eosinophilic percentage, FeNO level, and blood eosinophilic percentage, 

can be used to positively diagnose eosinophilic COPD. The FeNO level and blood eosinophilic 

counts/percentage, which determine an optimal cutoff for sputum eosinophilia, need more 

studies.

Keywords: fractional exhaled nitric oxide, eosinophils in induced sputum, blood eosinophil 

percentage, chronic obstructive pulmonary disease

Introduction
Assessment of airway inflammation is normally recognized as an important aspect 

in the diagnosis and clinical control of asthma, but is not considered for chronic 

obstructive pulmonary disease (COPD). Both of them are considered as chronic 

airway inflammatory diseases, typically associated with Th2-mediated immune 
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response in asthma and related to the characteristic of 

Th1-mediated immunity in COPD.1 Subsequently, while 

eosinophilic airway inflammation is the hallmark feature of 

airway inflammation in asthma, COPD is typically associ-

ated with a neutrophilic response in airway inflammation, 

which is often because of bacterial colonization. However, 

this classical pathway probably represents only half of the 

patients with COPD, and in up to 10%–40% mixed inflam-

matory pattern with increased eosinophils (defined as sputum 

eosinophils 3%) is a feature, especially where there is 

clinical overlap with asthma.2,3

Measurement of airway eosinophilia is a reliable predic-

tive index of responsiveness to inhaled corticosteroid (ICS) 

and oral corticosteroid therapies in patients with COPD. 

Eosinophilic airway inflammation can be measured through 

the airway noninvasively by induced sputum analysis and 

fractional exhaled nitric oxide (FeNO).4 Both are considered 

as a direct, reliable, sensitive, simple, and repeatable method 

of assessing inflammatory phenotypes, widely used in clinical 

practice. And the 2017 Global Initiative for Chronic Obstruc-

tion Lung Disease (GOLD) recently published an evidence-

based clinical research guideline that sputum eosinophils 

and blood eosinophilic counts/percentage can predict the risk 

of exacerbations.5 In 2016, the normal reference values of 

induced sputum cytology in China, defined as sputum eosino-

phils 2.5%%, and increases in FeNO levels (32 ppb), 

were identified as airway eosinophilia.6 Nevertheless, the 

clinical application of the correlation between FeNO levels 

and sputum eosinophilia or peripheral blood eosinophilic 

percentage is controversial.

The aim of this study was to assess the correlation between 

sputum eosinophils, FeNO levels, and peripheral blood 

eosinophilic percentage in patients with COPD and to deter-

mine the accuracy of these biomarkers as indicators of airway 

inflammatory phenotypes in these patients.

Methods
study design
The aim of the study was to discuss the correlation between 

eosinophilic percentage in induced sputum, peripheral blood 

eosinophilic percentage, and FeNO levels in patients with 

COPD exacerbation. Data were collected during regular 

clinical practice and medical procedures.

subjects
Patients diagnosed to have acute exacerbations of COPD 

visiting The Third People’s Hospital of Guangzhou Medical 

College in Huizhou from March 2016 to January 2017 

were retrospectively enrolled in the study. The severity and 

GOLD stage of COPD were defined according to the 2017 

recommendation of GOLD. We excluded patients if they 

had a pulmonary infection within 4 weeks; had used any oral 

corticosteroid in the previous 4 weeks; had a confounding 

pulmonary comorbidity such as a pulmonary tuberculosis, an 

interstitial lung disease, a lung cancer, or a possible overlap 

with asthma; had a cognitive impairment that may affect the 

collaboration or comprehension of the study.

ethics statement
The Institutional Review Board of the Third People’s Hospital 

of Guangzhou Medical College in Huizhou approved the 

study protocol and absolved the need for written informed 

consent from patients as the study was a retrospective study, 

personal identification data were anonymized.

assessments and study procedures
On the same day the following tests or determinations were 

performed: FeNO test, pulmonary function test (PFT), 

bronchodilator reversibility test, induced sputum, and 

routine blood test. Clinical variables were recorded for the 

participants.

Measurement of FeNO: FeNO level was measured before 

PFT according to the guidelines in the user manual training on 

the NO electrochemical equipment (NIOX VERO; Aerocrine 

AB, Solna, Sweden). Patients were required to refrain from 

eating, drinking, and smoking for at least 1 hour prior to 

the FeNO measurement. Patients were instructed to inhale 

NO-free air to total lung capacity and immediately exhale 

fully into the device at a sustained flow rate of 50 mL/s for 6 or 

10 seconds, which resulted in display of FeNO value.6 A sig-

nificant increase in FeNO was considered if the FeNO value 

was equal to or higher than 32 parts per billion (ppb).7

PFT: Airway limitation was performed using Lung 

Function Machine (MS-pneumo + aps; JAEGER; German) 

by the experienced technician in accordance with the 2014 

recommendations of the Chinese National Guidelines of 

Pulmonary Function Test. Percentage predicted values 

(%pred) were calculated based on the reference values 

for healthy Chinese adults. All patients were required to 

undergo PFT in a reproducible way, and the best values 

were retained.8

Bronchodilator reversibility test: patients were asked 

to inhale 400 μg salbutamol through a metered dose 

inhaler after baseline evaluation, and PFT was repeated in 

not 20 minutes. Three forced expiratory maneuvers were 

recorded. Postbronchodilator forced expiratory  volume 
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in 1 second/forced vital capacity (FEV
1
/FVC) 70% and 

the negative response, defined as FEV
1
 200 mL and 

FEV
1
 12% after salbutamol inhalation, were obtained.8

Sputum induction: After bronchodilator reversibility 

test, sputum was induced with hypertonic saline inhalation 

through ultrasonic atomizer. A single hypertonic saline 

(3% NaCl) was used. Patients were asked to inhale 400 μg 

salbutamol through a metered dose inhaler at 20 minutes 

before induction. The collected lower respiratory (trachea and 

bronchi), except nasal cavity, pharynx, larynx and oral cavity 

were dispersed using 0.1% dithiothreitol with water bath and 

oscillator at 15 minutes before 300 mesh nylon mesh filter, 

and subsequently, total cell count was centrifuged, smeared, 

and stained (hematoxylin-eosin). A differential cell count was 

obtained from 400 cells with a 400× microscope to identify 

the severity and type of airway inflammation in patients 

with COPD. Squamous cell count 10% in each sample 

was deemed adequate for further analysis. We defined the 

sputum eosinophilic percentage 2.5 as abnormal.7

Blood collection and analysis: Peripheral venous blood 

was measured using Automated Hematology Blood Analyzer 

(ABX Pentra DF120–1; ABX, France). The results of blood 

eosinophilic count/ratio, defined as normal number of white 

blood cells in peripheral blood (4–10×109/L), were obtained.

statistical analysis
Data analysis were performed by using SPSS 19. Continuous 

variables were expressed as mean ± standard deviation (SD), 

and categorical variables as frequencies and percentages. 

Data were analyzed with the Student’s t-test for quantita-

tive variables and the chi-square test for categorical vari-

ables. The relationship between FeNO, eosinophil ratios in 

induced sputum, and eosinophil ratios in peripheral blood 

was assessed with the Spearman’s correlation coefficient. 

The correlation between tests was performed by construct-

ing receiver operating characteristic (ROC) curve. The 

optimal cutoff value was determined from the highest sum 

of sensitivity and specificity. Statistical significance was 

defined as P0.05.

Results
Characteristics of the patients
Patient demographic information is presented in Table 1. 

A total of 163 patients with COPD exacerbation were 

included in this study. The mean age was 72.2 years with a 

range between 47 and 96 years. There were 147 (89.63%) 

men. Smokers accounted for 74.8% of patients. All partici-

pants were Chinese.

PFT results are reported in Table 2. Patients with COPD 

had a mean FEV
1
/FVC percentage of 48.87±12.08 and a 

mean FEV
1
% predicted of 45.81±21.43. FEV

1
% predicted 

values indicated severe degree of obstructive lung disease. 

As expected in this study, the patients in such a state have 

severe impairment.

sputum induction
Eosinophilic airway inflammation (sputum eosino-

philia 2.5%) was present in 62 (38.04%) participants. 

Table 1 Patient demographics and baseline characteristics

Demographic parameter All participants (N=163)

Mean age, years (sD) 72.2 (8.86)
range 47–96
Males, n (%) 147 (89.63%)
race, n (%)

Chinese 163 (100%)
Mean height, cm (sD) 161 (6.84)
range 142–179
Mean weight, kilogram (sD) 54.1 (10.06)
range 33–86
Mean body mass index, kg/m2 (sD) 20.87 (3.44)
range 13.8–31.2
smokers, n (%) 122 (74.8)

Notes: n refers to the total population; n refers to the subgroup population.
Abbreviation: sD, standard deviation.

Table 2 spirometry results for the patients

Variable (postbronchodilator) All participants (N=163)

FVC (l)
Mean (sD) 2.08 (0.67)
range 0.7–4.26

FeV1 (l)
Mean (sD) 1.03 (0.49)
range 0.32–2.54

FeV1% predicted
Mean (sD) 45.81 (21.43)
range 16.7–149.7

FeV1/FVC (%)
Mean (sD) 48.87 (12.08)
range 23.4–69.6

PeF (l/min)
Mean (sD) 2.8 (1.43)
range 0.73–9.15

MMeF (l/sec)
Mean (sD) 0.55 (0.32)
range 0.11–1.91

MeF 50% (l/sec)
Mean (sD) 0.63 (0.4)
range 0.12–2.22

MeF 25% (l/sec)
Mean (sD) 0.28 (0.15)
range 0.07–0.94

Abbreviations: FVC, forced vital capacity; FeV1, forced expiratory volume in 
1 second; PEF, peak expiratory flow; MMEF, maximum midexpiratory flow; MEF, 
maximal expiratory flow.
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The characteristics of patients are shown in Table 3. 

Patients in eosinophilica group as compared with patients 

in noneosinophilicb group showed significantly higher  

FeNO values (mean [SD] 31.35 [37] versus 21.43 [22.4], 

P=0.015), eosinophil ratios in peripheral blood (mean [SD] 

2.71 [2.9] versus 0.98 [1.37], P0.001), and eosinophil 

count in peripheral blood (mean [SD] 0.18 [0.19] versus 

0.07 [0.11], P0.001).

FenO
FeNO levels equal to or higher than 32 ppb were present in 

34 (20.86%). The characteristics of patients are shown in 

Table 4. Patients in eosinophilica group as compared with 

patients in noneosinophilicb group showed a nonsignificant 

result in eosinophilic cell in peripheral blood ratios and count, 

but significantly higher eosinophil ratios in induced sputum 

(mean [SD] 5.12 [7.15] versus 3.12 [5.8], P=0.007).

Peripheral blood eosinophil
Eosinophilic percentage in peripheral blood 1 was present 

in 71 (43.56%) patients. The characteristics of patients 

are shown in Table 5. Patients in eosinophilica group as 

compared with patients in noneosinophilicb group showed 

a significantly higher eosinophil count in induced sputum 

(mean [SD] 5.72 [7.54] versus 1.97 [4.17], P0.001) and 

eosinophil count in peripheral blood (mean [SD] 0.23 [0.17] 

versus 0.02 [0.04], P0.001). Nonetheless, FeNO level was 

with a nonsignificant result.

Correlation between FenO levels, 
eosinophil in induced sputum, and 
eosinophil in peripheral blood
A significant correlation was found between sputum eosino-

phils and FeNO values (ρ=0.221; P=0.005; Figure 1A) and 

blood eosinophil ratio (ρ=0.399; P0.001) (Figure 1B). No 

significant association was observed between FeNO values 

and blood eosinophil ratio (ρ=0.094; P=0.233).

ROC curve analysis demonstrated that 17.5 ppb was 

the best diagnostic cutoff value of FeNO level for sputum  

eosinophilia (area under the curve [AUC] 0.617; 95% confi-

dence interval [CI] 0.53–0.71). Sensitivity and specificity of 

17.5 ppb for the diagnosis of sputum eosinophils were 64.5% 

and 56.4%, respectively. In addition, ROC curve analysis 

showed that 0.65% was the best diagnostic cutoff value of 

Table 3 FenO levels and peripheral blood eosinophilic percentage/counts

Variables Eosinophilica (n=62) Noneosinophilicb (n=101) P-value

Mean age, years (sD) 69.56 (8.83) 73.85 (8.51) 0.872
Males, n (%) 56 (90.3) 90 (89.1) 0.806
Mean body mass index, kg/m 2 (sD) 20.97 (3.38) 20.81 (3.48) 0.847
smokers, n (%) 50 (80.6) 68 (67.3) 0.065
Postbronchodilator FeV1% predicted 42.24 (17.81) 48.03 (23.22) 0.174
Postbronchodilator FeV1 (l) 1.02 (0.45) 1.04 (0.51) 0.916
Postbronchodilator FeV1/FVC (%) 46.6 (10.74) 50.28 (12.7) 0.079
FenO levels, ppb, mean (sD) 31.35 (37) 21.43 (22.4) 0.015
Peripheral blood eosinophilic percentage, mean (sD) 2.71 (2.9) 0.98 (1.37) 0.001
Peripheral blood eosinophilic count (×109/l), mean (sD) 0.18 (0.19) 0.07 (0.11) 0.001

Notes: arefers to sputum eosinophil count 2.5%; brefers to sputum eosinophil count 2.5%. Bold figures indicate P0.05.
Abbreviations: FenO, fractional exhaled nitric oxide; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; sD, standard deviation.

Table 4 eosinophilic percentage in induced sputum and peripheral blood eosinophilic percentage/counts

Variables Eosinophilica (n=34) Noneosinophilicb (n=129) P-value

Mean age, years (sD) 68.53 (7.03) 73.16 (9.05) 0.229
Males, n (%) 33 (97.1) 113 (87.6) 0.202
Mean body mass index, kg/m2 (sD) 20.51 (2.94) 20.96 (3.56) 0.243
smokers, n (%) 29 (85.3) 92 (71.3) 0.097
Postbronchodilator FeV1% predicted 46.03 (23.63) 45.75 (20.92) 0.759
Postbronchodilator FeV1 (l) 1.12 (0.49) 1.01 (0.49) 0.186
Postbronchodilator FeV1/FVC (%) 48.21 (10.86) 49.04 (12.41) 0.647
eosinophilic percentage in induced sputum, mean (sD) 5.12 (7.15) 3.12 (5.8) 0.007
Peripheral blood eosinophilic percentage, mean (sD) 1.79 (1.87) 1.59 (2.33) 0.203
Peripheral blood eosinophilic count (×109/l), mean (sD) 0.11 (0.12) 0.11 (0.16) 0.424

Notes: arefers to FenO levels 32 ppb; brefers to FenO levels 32 ppb. Bold figure indicates P0.05.
Abbreviations: FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; sD, standard deviation.
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blood eosinophil ratio for sputum eosinophilia (AUC 0.729; 

95% CI 0.65–0.81). Sensitivity and specificity at a cutoff 

point of 0.65% for the diagnosis of sputum eosinophils were 

74.2% and 61.4%, respectively (Figure 2).

Discussion
This cross-sectional analytical study assessed the correlation 

of FeNO levels and sputum eosinophilia in exacerbations 

of COPD. One hundred sixty-three patients had an increase 

in cough, sputum/purulent sputum, and dyspnea beyond 

normal day-to-day variation, and it was acute in onset and 

necessitated a change in regular medication.5 All the people 

in the study were Chinese.

Following the 2015 recommendations of the Chinese 

National Guidelines on Diagnosis and Management of 

Cough,7 eosinophilic airway inflammation was defined as 

percentage of eosinophil count 2.5 in induced sputum. 

As shown in Table 3, the FeNO level, peripheral blood 

eosinophil percentage, and counts between eosinophilica 

group and noneosinophilicb group were significantly differ-

ent. Although induced sputum has been considered the “gold 

standard” for phenotyping airway inflammation, measure-

ment of FeNO has achieved wide acceptance in routine clini-

cal practice because it is easy to perform and readily available 

readout. The 2014 recommendation also suggested that a 

significant increase in eosinophil sputum (2.5%) was con-

sidered if the FeNO value was 32 ppb. As shown in Table 4,  

the percentage of eosinophil count between eosinophilica 

group and noneosinophilicb group was significantly differ-

ent; however, the difference in peripheral blood eosinophilic 

percentage/count was not statistically significant. According 

to the 2017 recommendation of GOLD, which recently 

published an evidence-based clinical research guideline, 

eosinophils, such as in induced sputum or peripheral venous 

blood, can predict the risk of exacerbations.5 We predicted 

that a sputum eosinophilia (2.5%) was considered if the 

Table 5 FenO levels and eosinophilic percentage in induced sputum

Variables Eosinophilica (n=71) Noneosinophilicb (n=92) P-value

Mean age, years (sD) 71.96 (9.14) 72.4 (8.73) 0.886
Males, n (%) 65 (91.5) 81 (88) 0.468
Mean body mass index, kg/m2 (sD) 20.64 (3.61) 21.05 (3.32) 0.603
smokers, n (%) 55 (77.5) 67 (72.8) 0.499
Postbronchodilator FeV1% predicted 44.54 (18.57) 46.99 (23.47) 0.737
Postbronchodilator FeV1 (l) 1.02 (0.48) 1.04 (0.49) 0.700
Postbronchodilator FeV1/FVC (%) 48.42 (11.42) 49.41 (12.51) 0.504
FenO levels, ppb, mean (sD) 27.23 (29.83) 23.64 (28.64) 0.162
eosinophilic percentage in induced sputum, mean (sD) 5.72 (7.54) 1.97 (4.17) 0.001
Peripheral blood eosinophilic count (×109/l), mean (sD) 0.23 (0.17) 0.02 (0.04) 0.001

Notes: arefers to peripheral blood eosinophilic percentage 1%; brefers to peripheral blood eosinophilic percentage 1%. Bold figures indicate P0.05.
Abbreviations: FenO, fractional exhaled nitric oxide; FeV1, forced expiratory volume in 1 second; FVC, forced vital capacity; sD, standard deviation.

Figure 1 scatter plots for correlations among FenO levels, eosinophilic percentage in induced sputum, and eosinophilic percentage in peripheral blood.
Notes: (A) Correlation between percentage sputum eosinophils and FenO levels (ppb). (B) Correlation between percentage sputum eosinophils and percentage blood 
eosinophils.
Abbreviations: FenO, fractional exhaled nitric oxide; ppb, parts per billion.
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Table 6 Sensitivity and specificity for different FeNO levels cutoff 
points for detecting sputum eosinophilia

FeNO levels  
cutoff points (ppb)

Sensitivity (%) Specificity (%) LR (+)

17.5 65.10 56.4 1.49
26 39.7 75.2 1.60
32 28.5 84.2 1.78

Abbreviations: FenO, fractional exhaled nitric oxide; ppb, parts per billion; lr, 
likelihood ratio.

peripheral blood eosinophil percentage was 1. As shown 

in Table 5, the eosinophil sputum percentage and peripheral 

blood eosinophil count of eosinophilica group and noneo-

sinophilicb group were significantly different; however, the 

difference between the FeNO levels in the two groups was 

not statistically significant.

Our study was performed in a larger sample of patients 

with COPD exacerbations and it provided an evidence of a 

positive correlation between FeNO, sputum eosinophilia, 

and eosinophilic percentage in the peripheral blood. Soter 

et al reported that FeNO levels (19 ppb) can help correctly 

identify the presence or absence of sputum eosinophilia 

(3%) (AUC 0.89, sensitivity =90%, specificity =74%).9 

Our present optimal cutoff point (17.5 ppb) is similar to this 

optimal cutoff point (19 ppb) in COPD with exacerbations, 

but the sensitivity and specificity in this study are differ-

ent (sensitivity =65.1%, specificity =56.4%). These results 

showed that FeNO value was to distinguish the patients with 

COPD at exacerbations with sputum eosinophilia from those 

without, thereby indicating its potential use as a diagnostic 

biomarker for eosinophilic COPD. However, the cutoff 

value has been a question in dispute because normal or low 

FeNO levels do not exclude the presence of disease. Optimal 

cutoff points by calculating sensitivity and specificity on an 

ROC curve to assess diagnostic biomarkers of eosinophilic 

airway inflammation may not be clinically applicable, given 

that their sensitivity and/or specificity is often suboptimal 

compared to that of reference standard tests.10 In view of this, 

we have evaluated the sensitivity and specificity of FeNO 

levels at different cutoff points (Table 6): at cutoff points of 

26 ppb or 32 ppb, sensitivity and specificity of 2.5% for the 

diagnosis of sputum eosinophils were 39.7% and 75.2%, and 

28.5% and 84.2%, respectively.

The 2017 GOLD recently published an evidence-based 

clinical research guideline that blood eosinophilic counts/

percentage may be a biomarker of exacerbation risk in 

patients with a history of exacerbation and can predict the 

effects of ICS on exacerbation prevention.5 One study in 

stable COPD has shown that peripheral blood eosinophil 

count (0.3×109/L) can serve as a diagnostic biomarker of  

sputum eosinophilia (3%) (AUC 0.76 [95% CI =0.67–7.84], 

sensitivity =76%, specificity =60%).11 This AUC is similar 

to our present AUC in COPD at exacerbations.

This finding also indicates that blood eosinophil 

percentage has a higher relevance than FeNO level with 

eosinophil sputum in patients with COPD. However, there 

was no correlation between FeNO level and blood eosinophil 

ratios/count. In clinical practice, there is a tendency to gen-

eralize the correlation between FeNO level and eosinophilic 

percentage in induced sputum. Although the two methods 

are useful to assess the eosinophilic airway inflammation,12–14 

there are confounding factors that may affect FeNO values 

in many cases.6 Furthermore, FeNO has a limited value to 

assess the neutrophilic airway inflammation, and bronchial 

induced sputum cytology provides a more accurate approxi-

mation of airway inflammation phenotypes in COPD patients 

than FeNO.

Conclusions
The clinical relevance of this study provides evidence that 

inflammatory biomarkers, including sputum eosinophilia, 

FeNO value, and blood eosinophil percentage/counts, 

can be used to positively diagnose eosinophilic COPD. 

These data may be useful for identifying patients with air-

way inflammation phenotypes who will have a beneficial 

response to treatment with an ICS, and it is important to 

help guide treatment and management of COPD patients. 

However, further studies are required to validate the use of 

Figure 2 receiver operating characteristic (rOC) curve for FenO level and blood 
eosinophilic percentage to predict sputum eosinophilia (2.5%).
Abbreviation: FenO, fractional exhaled nitric oxide.
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