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Abstract: Objective: The aim of this study was to investigate the value of fractional exhaled nitric oxide (FeNO) in 
the differentiation and diagnosis of patients with acute exacerbation (AE) of chronic obstructive pulmonary disease 
(COPD) and bronchial asthma (BA). Methods: A total of 46 AE-COPD and 48 AE-BA patients were selected during the 
same period. The levels of FeNO, serum C-reactive protein (CRP), peripheral blood eosinophil ratio (EOS%), and lung 
function in all patients were measured. Results: The levels of FeNO and EOS% in the AE-COPD patients were sig-
nificantly lower than those in the AE-BA patients (P < 0.01) while the serum CRP level in the AE-COPD patients was 
significantly higher than that in the AE-BA patients (P < 0.05); the lung function indices in the AE-BA patients were 
superior to those in the AE-COPD patients (P < 0.05); the FeNO level in the AE-COPD patients showed no correlation 
with the lung function indices and EOS% (P > 0.05). The FeNO level in the AE-BA patients also showed no correlation 
with the lung function indices (P > 0.05) but did show correlation with EOS% (r = 0.626, P < 0.01). Receiver oper-
ating characteristic (ROC) analysis was used to investigate the diagnostic properties of various parameters. When 
combining the FeNO, EOS%, and CRP parameters to differentiate between AE-COPD and AE-BA, the area under the 
curve (AUC) value was 0.947 (95% CI: 0.882-1.000), with a corresponding sensitivity of 86.4% and a specificity of 
88.9%, respectively. Conclusions: Assessment of FeNO, EOS%, serum CRP, and lung function indices may help clini-
cians distinguish between the acute exacerbation of two diseases.
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Introduction

Nitric oxide (NO) is an important gas molecule 
inside the airway and plays an important role in 
the relaxation of the blood vessels and bronchi 
which regulate inflammation and promote mu- 
cociliary movement in the airway [1, 2]. Eva- 
luation of fractional exhaled nitric oxide (FeNO) 
is a technique used in recent years for clinical 
applications. It is a non-invasive technique 
characterized by convenience, safety, and good 
reproducibility. Therefore, FeNO assessments 
have been widely used for the auxiliary diagno-
sis of eosinophilic inflammation [3], evaluation 
of the status of asthma-control [4], determina-
tion of the response of asthma to glucocorti-
coid therapy [5], and prediction of the acute 
onset of asthma [6].

Chronic obstructive pulmonary disease (COPD) 
and bronchial asthma (BA) are both chronic 
obstructive airway diseases; however, they 
exhibit different pathogeneses and pathologi-
cal features. Both COPD and BA manifest such 
symptoms as cough, expectoration, and wheez-
ing in acute exacerbation, which may make 
identification difficult. FeNO assessments have 
been extensively studied in COPD and BA; how-
ever, the use of this technique is rarely reported 
in comparative studies of acute exacerbation in 
both diseases.

This study evaluated the FeNO levels in patients 
with acute exacerbation (AE) COPD and AE-BA. 
A comparative study was performed involving 
the assessment of serum C-reactive protein 
(CRP), peripheral blood eosinophil ratio (EOS%), 
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and lung function indices. The aim was to inves-
tigate the value of FeNO in the differentiation 
and diagnosis of AE-COPD and AE-BA.

Materials and methods

General information

A total of 46 AE-COPD and 48 AE-BA patients 
were selected. The patients were treated in the 
Department of Respiratory Medicine, the 
Second People’s Hospital of Zhengzhou, from 
December 2013 to August 2015. The factors 
considered for inclusion criteria were as fol-
lows: COPD that met the diagnostic criteria of 
the Global Strategy for the diagnosis, manage-
ment, and prevention of COPD [7] and BA that 
met the diagnostic criteria of the Global Ini- 
tiative for Asthma [8]. The exclusion criteria 
included an association with other respiratory 
diseases, autoimmune disease, cancer, and 
severe heart, liver, or kidney dysfunction, the 
administration of systemic or inhaled cortico-
steroids within 2 weeks prior to treatment, or 
smoking within 1 week prior to admission. This 
study was approved by the Medical Ethics 
Committee of the Second People’s Hospital of 
Zhengzhou, and all subjects signed the inform- 
ed consent.

Detection of FeNO

FeNO was detected according to the standard-
ized procedures and guidelines recommended 
by the American Thoracic Society and European 
Respiratory Society (ATS/ERS) [9]. An NO detec-
tor (NIOX MINO, Aerocrine, Sweden) was used 
and operated according to the operating 
instructions. FeNO was detected in all patients 
before the pulmonary function tests and the 
administration of medication to rule out the 
possibility of interfering factors. After perform-
ing two-cycle quiet breathing, the subject held 
the filter tightly in his/her mouth, deeply ins- 
pired to the forced vital capacity (FVC), and 
then exhaled the pulmonary gas with uniform 
airflow, maintaining the expiratory flow at 50 
mL/s. The FeNO value was determined after 10 
s of stabilization (unit: ppb, parts per billion).

Pulmonary function test

This test was performed according to the stan-
dardized operation procedures and guidelines 
recommended by the ATS and ERS [10]. A 
MasterScreen spirometer (JAEGER, Germany) 
was used for the measurement of the following 

indices: forced expiratory volume in the first 
second (FEV1), ratio of FEV1 to the predicted vol-
ume (FEV1% pred), FVC, ratio of FVC to the pre-
dicted volume (FVC% pred), FEV1/FVC, and 
expiratory flow rate when reaching 25%, 50%, 
and 75% of FVC (FEF25%, FEF50%, FEF75%).

Detection of serum CRP and EOS%

A volume of 3 ml of peripheral blood was sam-
pled and centrifuged at 3000 r/min for 10 min; 
the serum was then used for the determination 
of CRP levels (immune nephelometry); mean-
while, 3 ml of venous blood was also sampled 
for evaluation of EOS%.

Statistical methods

SPSS 19.0 statistical software was used. The 
normal distribution measurement data were 
expressed as mean ± standard deviation (

_
x±s); 

the intergroup comparison used the indepen-
dent sample t-test; the non-normally distribut-
ed measurement data were expressed as the 
median (interquartile range), namely M (QR). 
The intergroup comparison used the indepen-
dent sample Mann-Whitney U test. The data 
were compared with the x2 test, and the corre-
lation was analyzed with the Pearson correla-
tion analysis. Receiver operating characteristic 
(ROC) curve analysis was performed to evalu-
ate the diagnostic ability to differentiate be- 
tween AE-COPD and AE-BA. The discriminative 
power of various parameters was determined 
by the mean of the area under the curve (AUC), 
sensitivity, specificity, and cut-off value. A p 
value < 0.05 was considered statistically signi- 
ficant.

Results

General data

The age of the AE-COPD patients was signifi-
cantly higher than the AE-BA patients, and  
the difference was statistically significant (P < 
0.01); general information such as body mass 
index (BMI), gender, and smoking status were 
factored into the ratio between the two groups 
and showed no statistically significant differ-
ence (P > 0.05, Table 1).

Comparison of FeNO level and pulmonary 
function

The FeNO level in the AE-COPD patients was 
significantly lower, and the difference was sta-
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Table 1. General information between two groups
COPD (n = 46) BA (n = 48) t/x2 P

Age (years) 71.09±9.41 55.4±14.69 -3.939 0.001a

BMI (kg/m2) 24.07±4.26 24.27±3.92 0.478 0.635a

Gender (M/F) 32/14 33/15 0.007 0.932b

Smoking constitute ratio (smoking/non-smoking) 38/8 40/8 0.009 0.926b

Note: at test; bx2 test. COPD: chronic obstructive pulmonary disease; BA: bronchial asthma.

Table 2. FeNO level and pulmonary functions between 
two groups

COPD (n = 46) BA (n = 48) t P
FeNO (ppb) 17.41±13.84 57.58±46.61 3.532 0.002
FVC (L) 1.19±0.49 2.05±0.95 3.461 0.002
FVC% pred 40.05±15.17 53.47±20.40 2.089 0.043
FEV1 (L) 0.76±0.34 1.60±0.81 4.101 0.000
FEV1% pred 35.23±15.21 52.65±22.88 2.573 0.016
FEV1/FVC (%) 63.68±8.35 77.63±9.19 5.024 0.000
FEF25% (L/sec) 1.13±0.68 2.55±1.77 3.218 0.004
FEF50% (L/sec) 0.63±0.37 1.59±1.08 3.603 0.002
FEF75% (L/sec) 0.35±0.18 0.81±0.46 4.038 0.001
FeNO: fractional exhaled nitric oxide; FEV1: Forced expiratory volume 
in one second; FEV1% pred: FEV1/predicted value ratio; FVC: Forced 
vital capacity; FVC% pred: FVC/predicted value ratio; FEF25%, FEF50%, 
FEF75%: forced expiratory flow when 25%, 50%, 75% of the FVC has 
been expired.

tistically significant (P < 0.01), while the 
indices of lung function in the AE-BA 
patients (including FEV1, FEV1% pred, FVC, 
FVC% pred, FEV1/FVC, FEF25%, FEF50%, 
and FEF75%) were significantly better than 
those in the AE-COPD patients, and the 
differences were statistically significant 
(P < 0.05, Table 2).

Comparison of serum CRP and EOS%

The serum CRP level in the AE-COPD 
patients was significantly higher than 
that in the AE-BA patients (P < 0.05); 
EOS% in the AE-COPD patients was sig-
nificantly lower than that in the AE-BA 
patients (P < 0.01, Table 3).

Correlation analysis

The FeNO level in the AE-COPD patients 
showed no correlation with the lung func-
tion indices or EOS% (P > 0.05); the FeNO 
level in the AE-BA patients showed no 
correlation with the lung function indices 
(P > 0.05) but showed positive correla-
tion with EOS% (r = 0.626, P < 0.01, Table 
4; Figure 1).

Diagnostic value of parameters for the 
differentiation between AE-COPD and 
AE-BA

In the differentiation between AE-COPD 
and AE-BA using FeNO values, the AUC 
value was 0.889 (95% CI: 0.789-0.989), 
with a corresponding sensitivity of 77.8% 
and a specificity of 86.4%, respectively, 
based on the optimal cut-off value of 
29.75 ppb (Figure 2).

In the differentiation between AE-COPD 
and AE-BA using EOS% values, the AUC 
value was 0.907 (95% CI: 0.819-0.994), 
with a corresponding sensitivity of 72.2% 
and a specificity of 81.8%, respectively, 

Table 3. Serum CRP and EOS% between two groups
COPD (n = 46) BA (n = 48) Z/t P

EOS% 1.23±1.73 8.42±7.38 4.045 0.001a

CRP (mg/L) 9.94 (60.10) 2.49 (11.79) -2.082 0.037b

Note: at test; bMann-Whitney U test. CRP: C-reactive protein; EOS%: 
Eosinophil ratio in peripheral blood.

Table 4. Correlation between FeNO level and pulmo-
nary function indexes/EOS% 

COPD 
(n = 46) r

FeNO 
(ppb) P

BA 
(n = 48) r

FeNO 
(ppb) P

FVC (L) -0.053 0.814 0.145 0.565
FVC% pred 0.218 0.329 0.040 0.878
FEV1 (L) -0.027 0.904 0.113 0.656
FEV1% pred 0.236 0.290 0.007 0.980
FEV1/FVC 0.022 0.924 -0.072 0.777
FEF25% (L/sec) 0.120 0.595 0.062 0.808
FEF50% (L/sec) 0.087 0.701 0.067 0.793
FEF75% (L/sec) -0.055 0.808 0.046 0.857
EOS% 0.107 0.636 0.626 0.005*
Note: *The FeNO level in the AE-BA patients was positively correlated 
with EOS% (r = 0.626, P < 0.01). FeNO: fractional exhaled nitric 
oxide; EOS%: Eosinophil ratio in peripheral blood.
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based on the optimal cut-off value of 4.42 
(Figure 3). 

In the differentiation between AE-COPD and 
AE-BA using CRP levels, the AUC value was 
0.785 (95% CI: 0.644-0.926), with a corre-
sponding sensitivity of 63.6% and a specificity 
of 77.8%, respectively, based on the optimal 
cut-off value of 11.5 mg/L (Figure 4).

Furthermore, when combining the FeNO, EOS%, 
and CRP parameters, the AUC value was 0.947 
(95% CI: 0.882-1.000), with a higher sensitivity 
of 86.4% and a higher specificity of 88.9%, 
when compared with the above parameters 
alone (Figure 5).

Discussion

COPD and BA are both chronic airway inflam-
matory diseases, and the acute exacerbation 
of these diseases may have similar clinical 
symptoms, which often causes difficulties in 
diagnostic identification. FeNO has been widely 
used for the auxiliary diagnosis and disease 
management of asthma [3], but reports regard-
ing the value of FeNO in the identification of 
acute exacerbation in both COPD and BA are 
rare.

This study found that the FeNO level in the 
COPD patients was significantly lower than that 
in the BA patients at the time of acute exacer-
bation, which is consistent with previous find-

ings. It has been observed that the FeNO level 
in AE-BA patients within 24 hours of admission 
was significantly higher than that in patients 
with AE-COPD and pneumonia [11]. In addition, 
the AE-COPD patients in this study had a signifi-
cantly lower EOS% level than the AE-BA patients. 
While the EOS% of AE-COPD patients showed 
no correlation with the FeNO level, the AE-BA 
patients did show a positive correlation be- 
tween the FeNO level and the EOS%. A previous 
study also showed that the FeNO level in BA 
patients showed correlation with EOS% [12]. It 
was observed that the FeNO and EOS% level 
were significantly different and showed differ-
ent correlation characteristics in COPD and BA 
during acute exacerbation. This suggests that 
FeNO had a different pathological basis and 
mechanism in the two diseases; asthma sh- 
owed airway inflammation characterized by 
eosinophilic infiltration. As a biomarker of eo- 
sinophilic inflammation, FeNO levels were sig-
nificantly increased in cases of asthma [3]. 
COPD showed airway inflammation indicated by 
neutrophil infiltration; the activated neutrophils 
may potentially release superoxide anions, 
when combined with airway epithelial cells, 
nitric oxide (NO) may be produced, thereby 
reducing the FeNO level in patients with COPD 
[13]. Therefore, different levels and different 
correlation characteristics of FeNO and EOS% 
had important roles in the differentiation of 
acute exacerbation in COPD and BA.

CRP is a widely used clinical inflammation ma- 
rker; previous comparative studies in patients 
with stable COPD and non-AE-BA revealed that 
the serum hypersensitive CRP level in the for-
mer was significantly higher than that in the lat-
ter, suggesting that varied levels of hypersensi-
tive CRP may aid in the identification of the 
non-acute exacerbation status of COPD and BA 
[14]. The results of this study were similar to the 
previous study with regard to acute exacerba-
tion; the serum CRP level in the COPD patients 
was significantly higher than that in the BA 
patients, indicating that there was a significant 
difference in the serum CRP level at the time of 
acute exacerbation in both diseases.

In addition, all the lung function indices in the 
BA patients were better than those in the COPD 
patients in this study. This may be related to  
the age differences between the two groups. 
Significant differences in the degree of airway 
obstruction between the two groups showed 
that the airway reversibility in the COPD pa- 

Figure 1. The FeNO level in the AE-BA patients was 
positively correlated with EOS%. FeNO: fractional ex-
haled nitric oxide. EOS%: Eosinophil ratio in periph-
eral blood.
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tients may be relatively poorer. However, in this 
study, no correlation was found between the 
FeNO level and pulmonary function parameters 
in both diseases, which is consistent with previ-
ous studies [15, 16], and the results suggest 
that the FeNO level was not entirely relevant to 
the degree of airway obstruction.

may not be suitable for the identification of 
patients with COPD-eosinophilic inflammation 
or the acute exacerbation between ACOS and 
BA. However, the clinical rate of the subgroup 
accompanied by eosinophilic inflammation or 
ACOS was lower [20, 21]. This study had appli-
cable values for the identification of acute 

Figure 2. Receiver Operating Characteristic (ROC) curve of FeNO for distin-
guishing between AE-COPD and AE-BA, the AUC value was 0.889 (95% CI: 
0.789-0.989), with a sensitivity of 77.8% and a specificity of 86.4%, respec-
tively, based on the optimal cut-off value of 29.75 ppb.

Figure 3. Receiver Operating Characteristic (ROC) curve of EOS% for distin-
guishing between AE-COPD and AE-BA. The AUC value was 0.907 (95% CI: 
0.819-0.994), with a corresponding sensitivity of 72.2% and a specificity of 
81.8%, respectively, based on the optimal cut-off value of 4.42.

In summary, our study showed 
that FeNO, EOS%, serum CRP, 
and lung function indices had 
significantly different detec-
tion levels and different corre-
lation characteristics in the 
acute exacerbation of COPD 
and BA. Moreover, the ROC 
analysis also indicated that 
the combination of FeNO, 
EOS%, and CRP levels re- 
sulted in an AUC value of 
0.947, with a higher sensitivi-
ty (86.4%) and a higher speci-
ficity (88.9%). Therefore, it is 
suggested that the combina-
tion of the above indices may 
have an important role in the 
differentiation of acute exac-
erbation in both diseases.

This study had some notable 
limitations. Based on previ-
ous studies, COPD showed 
certain heterogeneities, and 
regardless of the stable or 
acute exacerbation stage, 
COPD can be divided into two 
subgroups according to the 
different eosinophilic levels in 
sputum, namely the subgro- 
ups accompanied with or wi- 
thout eosinophilic inflamma-
tion. Subgroups that were 
characterized by eosinophilic 
inflammation had a higher 
level of FeNO, which improved 
the response to inhaled corti-
costeroid therapy [17, 18]. In 
addition, the patients with 
asthma-COPD overlap syndr- 
ome (ACOS) also had higher 
FeNO levels [19]. However, 
because this study did not 
find any COPD patient show-
ing the typical characteristics 
of eosinophilic inflammation, 
the conclusions of this study 
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exacerbation between most non-eosinophilic 
inflammation present in both COPD patients 
and BA patients.

In conclusion, this study showed that the com-
bination of FeNO, EOS%, serum CRP, and lung 

beat frequency by nitric oxide. Biochem 
Biophys Res Commun 1993; 191: 83-88.

[3] Dweik RA, Boggs PB, Erzurum SC, Irvin CG, 
Leigh MW, Lundberg JO, Olin AC, Plummer AL 
and Taylor DR. An official ATS clinical practice 
guideline: interpretation of exhaled nitric oxide 

Figure 4. Receiver Operating Characteristic (ROC) curve of CRP for distin-
guishing between AE-COPD and AE-BA. The AUC value was 0.785 (95% CI: 
0.644-0.926), with a sensitivity of 63.6% and a specificity of 77.8%, respec-
tively, based on the optimal cut-off value of 11.5 mg/L.

Figure 5. Receiver Operating Characteristic (ROC) curve of the combination 
of FeNO, EOS% and CRP parameters for distinguishing between AE-COPD 
and AE-BA. The AUC value was 0.947 (95% CI: 0.882-1.000), with a higher 
sensitivity of 86.4% and a higher specificity of 88.9%, when compared with 
the above parameters alone.

function indices may help to 
distinguish between acute ex- 
acerbation in COPD and BA. 
Furthermore, FeNO detection 
also had an important guiding 
significance and application 
value in the distinction of dif-
ferent subgroups of COPD 
that assisted the auxiliary 
diagnosis of ACOS and guid- 
ed precise applications of glu-
cocorticoids in the eosinophil-
ic inflammation that accom-
panied COPD subgroups or 
ACOS and therefore, is worthy 
of further study.
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