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Objective: To identify the relationship between patients with acute exacerbation of chronic obstructive pulmonary disease 
(AECOPD) and their fractional-exhaled nitric oxide (FeNO) levels.
Methods: Patients diagnosed with AECOPD in the respiratory department of Beijing Chaoyang Hospital from June 2017 to 
August 2019 were recorded. The demographic data, FeNO value, peripheral blood eosinophil count, number of acute exacerbations 
in the past year, pulmonary function test, use of inhaled glucocorticoids (ICS) and other data were collected and analyzed. FeNO was 
measured again three months after discharge, the participants were assessed to determine if the stable period criteria were met.
Results: A total of 214 patients met the requirements of this study. 25ppb for FeNO was used as the cutoff for further analysis. The 
proportion of males, number of acute exacerbations in the past year, number of ICS users, leukocyte count and eosinophil count in the 
high FeNO-level group was significantly higher than that in the low-level group (P < 0.05). The results showed that the number of 
acute exacerbations in the past year, number of ICS users, and eosinophil count were statistically significant in the model (P < 0.05). 
The study also showed that the level of FeNO in the acute exacerbation phase was significantly higher than that in the stable phase. 
The ROC curve that the area under the curve used by FeNO to predict ICS used is 0.631 (95% CI: 0.526–0.736), and the 
corresponding P value is 0.022.
Conclusion: FeNO is closely related to activated T2 inflammation and eosinophil count in COPD patients. The FeNO levels can be 
used as an index to evaluate the severity of COPD and predict the recovery of activity after ICS treatment. FeNO can predict the use of 
ICS and is a beneficial supplement to eosinophils.
Keywords: fractional exhaled nitric oxide, chronic obstructive pulmonary disease, acute exacerbation, airway inflammation

Introduction
Chronic obstructive pulmonary disease (COPD) is a common respiratory disease characterized by chronic airway 
inflammation. Acute exacerbations accelerate the deterioration of lung function in COPD patients, leading to increased 
mortality and economic burden.1 Therefore, it is essential to evaluate the severity of COPD at an early stage. At present, 
the gold standard for clinical evaluation and prognosis of COPD is still the pulmonary function test. However, it does not 
provide reliable treatment guidance and detailed adjustment of the treatment plan for patients. The pulmonary function 
test has always been an important basis for clinical judgment and assessment of COPD patients, but it does not reflect the 
degree of airway inflammation in COPD patients. Nitric oxide (NO) is an important reference index of airway 
inflammation. Fractional exhaled nitric oxide (FeNO) has been recommended by the American Thoracic Society 
(ATS)2 and the European Respiratory Society (ERS) as a practical and non-invasive method to evaluate airway 
inflammation and has been proven to be effective in clinical practice. FeNO has been widely used in the diagnosis of 
asthma,3 the prediction of treatment response and the evaluation of prognosis, but the practical application of FeNO in 
COPD has not been determined.
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The purpose of this study is to conduct statistical analysis of data from patients with acute exacerbation of COPD, in 
order to further explore whether FeNO levels can assess the severity of COPD, predict the use of ICS, and evaluate the 
effectiveness of treatment.

Materials and Methods
Subjects
This is a single-center retrospective observational study. This study selected COPD patients with acute exacerbations 
hospitalized in the respiratory department of Beijing Chaoyang Hospital Affiliated to Capital Medical University from 
June 2017 to August 2019. Enrolled patients with diagnosed COPD met the following criteria: post-bronchodilator forced 
expiratory volume in 1s/forced vital capacity (FEV1/FVC) ratio of less than 0.7 according to the GOLD diagnostic 
criteria.4 Patients with asthma, asthma-COPD overlap syndrome (ACOS) and uncontrolled systemic diseases were 
excluded. The screening process of subjects is displayed in Figure 1.

Clinical Measurements
The individual information of inpatients were collected and recorded, including demographic information, the number of 
acute exacerbations in the past year, disease duration, smoking history and use of inhaled corticosteroids (ICS).

Peripheral blood eosinophil count, IgE count, leukocyte count, neutrophil count and arterial blood gas analysis results 
were recorded.

FEV1%, FEV1/FVC were tested using the MasterScreen spirometer (VIASYS Healthcare GmbN, Germany) before 
and after inhaled salbutamol 400ug via MDI following the guideline. mMRC and CAT scores were also calculated.

FeNO was measured by a nitric oxide analyzer (NIOXMINO, Aerocrine, Sweden), the procedure was carried out 
according to the clinical application guidelines of exhaled nitric oxide measurement.5 The expiratory flow rate was 
50mL·s−1. Before performing the FeNO examination, the participants were required to stop smoking for 24 hours. FeNO 
was expressed in ppb. All patients were tested for FeNO within 24 hours of admission for an acute exacerbation of 
COPD. The FeNO levels were measured again three months after discharge to confirm whether the participants met the 
stable period criteria.

Figure 1 The screening process of subjects in this study.
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Statistical Analysis
The data were analyzed by IBM SPSS Statistics 26.0. The measurement data fitting a normal distribution were 
represented by mean ± Standard deviation, and a t-test was used for inter-group analysis. The measurement data 
which did not fit a normal distribution were expressed by median (quartile range). The Mann Whitney U-test was 
used for inter-group comparison, and the Wilcoxon signed-rank test was used for intragroup comparison in different 
periods. The count data were represented by composition ratio and rate, and the χ2 test was used for comparison between 
groups with disordered classification data. The Mann–Whitney U-test was used for the comparison between groups with 
ordered classification data. Logistic regression was used to analyze the related factors affecting FeNO. Receiver 
operating characteristic (ROC) curve was used to analyze the value of FeNO and EOS in predicting ICS treatment. 
All tests of statistical significance were two-sided, and P < 0.05 was considered statistically significant.

Results
Comparison of Clinical Data of Different FeNO Groups in Acute Phase
A total of 214 patients (n=214) met the requirements of this study. In the acute phase, 25ppb for FeNO was used as the 
cutoff for further analysis. The comparison results of clinical data of different FeNO groups are shown in Table 1. The 
proportion of males, current smokers and ICS users in the two groups was adjusted, and the χ2 test results showed no 
significant difference in the proportion of current smokers between the two groups (P > 0.05). However, the proportion of 
males and ICS users in the high FeNO-level group was significantly higher than that in the low-level group (P < 0.05). 
This study also suggests that ICS use is more common in the high FeNO group (93.6%).

Table 1 Comparison of Clinical Data of Different FeNO-Level Groups in Acute Phase

Clinical Data FeNO t/Z/χ2 P

<25ppb (n=105) ≥25ppb (n=109)

Age(year) 67.01±9.38 66.15±8.3 0.712 0.478

Male (%) 73(69.5) 94(86.2) 8.718 0.003

BMI (kg/m2) 25.22±4.18 24.86±4.28 0.630 0.530
Current smoker* 76(72.4) 86(78.9) 1.235 0.266

Number of AE 2.00(2.00, 4.00) 3.00(2.00, 4.00) −2.302 0.021

ICS users (%) 82(78.1) 102(93.6) 10.636 0.001
Disease time(year) 10.00(4.00, 20.00) 8.00(4.00, 20.00) −0.669 0.504

FEV1/pre (%) 47.70(33.90, 69.40) 44.20(32.90, 64.15) −0.508 0.612

FEV1/FVC (%) 50.27±11.24 51.06±13.08 0.473 0.637
mMRc score 3.00(2.00, 4.00) 3.00(2.00, 3.00) −0.026 0.979

CAT score 22.55±9.52 22.96±8.66 0.331 0.741

Gold stage −0.300 0.764
1 13(12.4) 13(11.9)

2 34(32.4) 32(29.4)

3 39(37.1) 45(41.3)
4 19(18.1) 19(17.4)

PaO2 (mmHg) 73.05±17.33 74.46±14.79 0.642 0.522

PaCO2 (mmHg) 44.53±10.15 43.59±7.42 0.776 0.438
PH 7.41±0.04 7.41±0.03 0.142 0.887

Leukocyte count (109/L) 6.58±2.24 7.35±2.44 2.424 0.016

EOS (cells/μL) 130.00(55.00, 250.00) 200.00(110.00, 415.00) −3.519 <0.001
Neutrophil count (109/L) 4.24(3.12, 5.61) 3.92(3.06, 5.17) −1.124 0.261

IgE (U/mL) 67.00(31.35, 133.00) 85.30(23.55, 271.50) −1.476 0.140

Note: *Current smoker is defined as having smoked 100 cigarettes in one’s lifetime and currently smoking. 
Abbreviations: BMI, body mass index; ICS, inhaled corticosteroids; FeNO, fractional-exhaled nitric oxide; GOLD, 
Global Initiative for Chronic Obstructive Lung Disease; FEV1, forced expiratory volume in 1s; FVC, forced vital 
capacity; AE, acute exacerbation; EOS, eosinophil count.
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The results of the independent sample t-test showed that there was no significant difference in the levels of age, BMI, 
FEV1/FVC, CAT score, PaO2, PaCO2 and PH value between the two groups (P > 0.05). However, the leukocyte count of 
the high FeNO-level group was significantly higher than that of the low-level group (P < 0.05). The Mann Whitney 
U-test showed that there was no significant difference between the two groups in the disease time, FEV1/pre, mMRC 
score, GOLD stage, neutrophil count and IgE levels (P > 0.05), but the number of acute exacerbations in the past year 
(Figure 2) and eosinophil count (Figure 3) in the high FeNO-level group were significantly higher than those in the low- 
level FeNO group (P < 0.05). In the high FeNO group, COPD patients had experienced more acute exacerbations in the 
past year than patients in the low FeNO group. Patients in the high FeNO group accounted for about 50.9% and were 
characterized by elevated eosinophil counts.

Logistic Regression Analysis of FeNO in Acute Phase
The results of logistic regression analysis affecting FeNO in the acute phase are shown in Table 2 and Figure 4. Taking 
FeNO as dependent variable (<25ppb = 1, ≥25ppb = 2) and statistically significant indexes in the univariate analysis as 
independent variables (including male, number of acute exacerbations in the past year, ICS use, leukocyte count and 
eosinophil count), a binary logistic regression was established by entry method. The results showed that the number of 
acute exacerbations in the past year, ICS users and eosinophil count were statistically significant in the model (P < 0.05), 
and they were all risk factors for abnormal levels of FeNO. For each additional acute exacerbation in the past year, the 

Figure 2 Comparison of AE between the two groups in the past year in acute phase. *P<0.05.

Figure 3 Comparison of eosinophil count between the two groups in acute phase. ***P<0.001.
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risk of abnormal FeNO increased by 1.265 times. ICS use was associated with a 2.865 times higher risk of abnormal 
FeNO. For every 100 units increase in eosinophil count, the risk of abnormal FeNO increased by 1.175 time.

Comparison of FeNO in Different Phases
The comparison results of FeNO in different phases are shown in Table 3 and Figure 5. The Wilcoxon signed-rank test 
showed that the level of FeNO in the acute exacerbation phase was significantly higher than that in the stable phase (P 
< 0.05).

Correlation Between FeNO and Eosinophil Count in Acute Phase
The correlation between FeNO and eosinophil count in the acute phase is shown in Figure 6. According to Spearman 
correlation analysis, there is a significant positive correlation between FeNO and eosinophil levels (r=0.205, P=0.003).

Comparison of FeNO Levels Treated with ICS in Different Phases
The FeNO levels were grouped and compared based on whether ICS drugs were used, as shown in Table 4. The FeNO 
during acute exacerbation phase, stable phase, and the variation of FeNO after ICS treatment in two groups of patients 
were shown by Mann Whitney U-test results. There were no statistically significant difference in FeNO levels during the 
stable phase and the variation of FeNO after ICS treatment (P>0.05), while the FeNO in the group used ICS drugs during 
acute exacerbation phase were significantly higher than those in the group not using ICS drugs, with a statistically 
significant difference (P<0.05). The results of Wilcoxon signed rank test showed that levels of FeNO in the acute 
exacerbation and stable phases, both groups of patients had significantly lower levels of FeNO in the stable phase 
compared to those in the acute exacerbation phase, with statistically significant differences (P<0.05).

Figure 4 Forest map of each index affecting FeNO level in acute phase.

Table 2 Logistic Regression Affecting FeNO Level in Acute Phase

Factors B SE Wald 
χ2

P OR (95% CI)

Male 0.674 0.374 3.241 0.072 1.962(0.942~4.088)

Number of AE 0.235 0.112 4.411 0.036 1.265(1.016~1.574)

ICS users 1.052 0.479 4.820 0.028 2.865(1.119~7.33)
Leukocyte count 0.091 0.067 1.854 0.173 1.095(0.961~1.248)

Eosinophil count* 0.161 0.070 5.258 0.022 1.175(1.024~1.348)

Constant −3.099 0.720 18.521 0.000 –

Notes: Hosmer–Lemeshow test: χ2=10.764, P=0.215>0.05. *Eosinophil divided by 100 is included in 
the model.
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Prediction of ICS Treatment by ROC Curve of FeNO, EOS and FeNO Combined with 
EOS in Acute Phase
The use of ROC curve to analyze the value of FeNO, EOS and FeNO combined with EOS in predicting the use of ICS 
during the acute phase, as shown in Figure 7. It can be seen from the ROC curve that the area under the curve used by 
FeNO to predict ICS is 0.631 (95% CI: 0.526–0.736), and the corresponding P value is 0.022, indicating that the value of 
FeNO to predict ICS use is statistically significant. The threshold used by FeNO to predict ICS is 24.5, corresponding 
sensitivity is 55.4% and the specificity is 76.7%. The area under the curve used for EOS prediction of ICS is 0.605 (95% 
CI: 0.498–0.711), corresponding to a P value of 0.067, indicating that the value of EOS prediction of ICS use is not 

Table 3 Comparison of FeNO in Different Phase

Phase N Feno (ppb)

Acute exacerbation 214 25.00(15.00, 37.00)
Stable 214 12.00(10.00, 14.00)

Z – −11.369

P – <0.001

Figure 5 Comparison results of FeNO in different phase. ***P<0.001.

Figure 6 Scatter diagram between FeNO and eosinophil count in acute phase.
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statistically significant. The threshold used for EOS prediction of ICS is 175, corresponding sensitivity is 53.3% and the 
specificity is 76.7%. The area under the curve used by FeNO combined with EOS for predicting ICS is 0.639 (95% CI: 
0.536–0.741), corresponding to a P value of 0.015, indicating that the value of FeNO combined with EOS for predicting 
ICS is statistically significant. The corresponding threshold is 0.8571, sensitivity is 53.8%, and the specificity is 73.3%.

Discussion
COPD is a chronic airway inflammatory disease involving many cell types. Its main characteristics are chronic 
respiratory symptoms, including difficulty breathing, cough, and expectoration. If COPD is not diagnosed and treated 
early, the disease will gradually worsen, resulting in the deterioration of the patients’ health, a sharp decline in the quality 
of life, and may even lead to death. As one of the chronic diseases that are difficult to treat in clinical practice, the 
prevention and treatment of COPD are focused on alleviating the patients’ condition and preventing further deterioration 
of the disease. However, even with the current COPD treatment strategy, some patients still can not accurately evaluate 
their condition. For most patients, disease progress is assessed by measuring the pulmonary function test, but there is 
a lack of discussion on the influencing factors of the pulmonary function test. Therefore, it is important to find an early 
and rapid method to evaluate the control of COPD for treatment and prognosis. FeNO measurement is characterized by 

Figure 7 ROC curve used by FeNO, EOS and FeNO+EOS in the acute phase to predict ICS treatment.

Table 4 Comparison of FeNO Levels Treated with ICS in Different Phases

ICS Used N FeNO in Acute 
Exacerbation Phase (ppb)

FeNO in Stable 
Phase (ppb)

Variation of 
FeNO (ppb)

No 30 18.50(12.75, 24.75) 11.00(8.00, 14.00)* 6.00(1.25, 16.25)

Yes 184 27.50(15.00, 39.00) 12.00(10.00, 14.00)* 14.50(3.00, 27.50)

Z – −2.300 −1.392 −1.947
P – 0.021 0.164 0.052

Notes: * Compared with the acute exacerbation phase, P<0.05. Variation =acute exacerbation phase - stable phase.
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distinct features. It is simple and convenient, non-invasive, sensitive and causes no trauma to patients. Compared with the 
traditional CAT score, the evaluation result is more objective.

After Plamer6 et al first proved that NO was, in essence, an endothelium-derived relaxing factor in 1987, a series of 
subsequent studies found that NO in the respiratory tract is a multifunctional small-molecule substance, which is related to the 
respiratory inflammatory response.7,8 NO is an important signal molecule that is catalyzed by nitric oxide synthase (NOS)9,10 

and can be synthesized and released by a variety of cells. When the lung receives inflammatory lesions caused by a virus or 
a bacterial infection, it induces the production of inducible nitric oxide synthase11,12 (iNOS). Inflammatory factors affect the 
concentration of FeNO through the effect of iNOS, resulting in the increase of FeNO.13

GOLD2023 states that COPD is a heterogeneous disease.14 Some studies have shown that the increase in the number of 
neutrophils, macrophages and the expression of type 1 helper T cell (Th1) cytokines are the main characteristics of COPD 
airway inflammation. A subgroup of COPD patients tends to have Th2 type inflammation which including elevated sputum 
and blood eosinophil counts, suggesting that Th2 inflammation may also play a progressive role in a certain proportion of 
COPD patients.15 A report states that NO plays a crucial role in regulating type 2 inflammation and regulating type 2 immune 
response.16

With the in-depth study of COPD, it was found that the blood eosinophils of some patients with AECOPD would also 
increase, and eosinophils could be used as an inflammatory index for the treatment and prognosis of AECOPD. It is reported 
that patients with stable and acute exacerbation have good sensitivity when the level of eosinophils in peripheral blood 
increases.17 GOLD2019 recommend using peripheral blood eosinophil count as a biomarker for identifying COPD phenotype. 
Many studies concluded that the concentration of FeNO is highly correlated with the number of inflammatory cells and can be 
used as a marker of airway inflammation. A study reported that FeNO can distinguish different phenotypes of COPD.18 In this 
study, it was found that there is a positive correlation between FeNO levels and peripheral blood eosinophil levels in patients 
with AECOPD. We believe that FeNO is closely related to activated T2 inflammation and eosinophil count, consistent with 
previous report.16

In this study, the mean FeNO value was 25.0 (15.0, 37.0) ppb, consistent with that reported by Taylor et al.19 We used the 
25 ppb as the cutoff of FeNO based on the mean level of FeNO in the recruited patients with AECOPD. Higher eosinophil 
levels were seen in the high FeNO group. This study shows that some patients have asthma-like traits, such as high blood 
eosinophils15,20 and high FeNO levels. Some other studies have reported similar findings. One of the typical manifestations of 
COPD or asthma is chronic airway inflammation. However, there are differences in effector cells between COPD and asthma, 
which are neutrophils and eosinophils. FeNO may have a stronger relationship with eosinophils.21 Therefore, FeNO has 
a certain guiding value in the differentiation of COPD and asthma.

Glucocorticoids can induce the production of anti-inflammatory factors, inhibit the expansion of capillaries and reduce 
exudation. They are mostly used in the treatment of severe acute infection and inflammation. Many patients with AECOPD 
have significantly improved symptoms after using glucocorticoids, which may be related to how glucocorticoids can improve 
airway eosinophilic inflammation. It can be seen that ICS is a risk factor affecting FeNO in this study. Patients with COPD 
generally have chronic airway inflammation, and ICS drugs are commonly used to improve inflammatory symptoms. 
Therefore, the guiding value of glucocorticoid drugs in a clinical setting needs to be systematically assessed. The detection 
of FeNO in COPD patients can evaluate the extent of airway inflammation and guide inhaled glucocorticoid therapy. This 
study found that the sensitivity and specificity of FeNO in predicting the use of ICS were 55.4% and 76.7%, respectively. The 
results indicate that measuring FeNO levels plays a crucial role in the treatment of COPD using ICS. However, the value of 
EOS in predicting ICS use in this study was not statistically significant, possibly because the FeNO measurement results were 
influenced by multiple factors, including age, diet, smoking, infection, medication, and exercise. FeNO provides additional 
biomarkers for the diagnosis and management of Th2 type COPD, and its combination with eosinophil can significantly 
improve the diagnostic accuracy.

Patients with COPD often have vascular endothelial cell damage. In addition, the reduction of NO synthesis can reduce the 
relaxation of vascular smooth muscle cells, resulting in enhanced pulmonary vasoconstriction and structural remodeling. NO 
plays an important role in the occurrence and development of COPD. The acute exacerbation of COPD is often caused by 
pulmonary infection. During pulmonary infection, a variety of cells express iNOS under the action of stimulating factors, 
resulting in increased NO synthesis. A large amount of NO can form oxygen radicals after transformation, which can result in 
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tissue damage and airway inflammation. In the remission stage of COPD, NO synthesis decreased with the control of infection 
and inflammatory reaction. The results show a significant difference in FeNO between the acute exacerbation and stable 
phases in COPD patients. As COPD patients reach a stable condition, FeNO decreases significantly, proving that FeNO can 
reflect the condition of COPD patients. The FeNO value in AECOPD is higher than that in the stable phase, which is consistent 
with the results of a large sample follow-up study.22 Similarly, Antus et al23 reported that patients with relatively high FeNO 
levels are more likely to have an acute exacerbation. FeNO levels are significantly lower in stable COPD patients, which 
proves that FeNO can reflect the condition of COPD patients. The level of airway inflammation can be reflected by FeNO 
concentration, and the therapeutic effect of COPD can be evaluated by the change of FeNO concentration. The recent study24 

reports that the change in FeNO from stable state visit to AECOPD was positively correlated with the probability of viral 
infections and negatively correlated with the probability of bacterial infections. Therefore, changes of FeNO levels from stable 
state to AECOPD may help doctors determine the aetiology of AECOPD and accelerate effective treatment decisions for 
COPD patients.

At present, the main detection indexes of COPD include the pulmonary function test and arterial blood gas analysis, but the 
above two indexes lack the function of quantifying airway inflammation. In this study, we demonstrate that the pulmonary 
function test is not an influencing factor of FeNO, as previously concluded by other studies. It is considered that the change of 
FeNO in COPD patients does not play an important role in evaluating pulmonary function. The results of this study indicate 
that FeNO, as an emerging inflammatory marker, can not only effectively reflect the degree of respiratory acidophilic 
inflammation, but also differentiate the types of respiratory inflammation, evaluate the level of respiratory inflammation, 
and predict the use of ICS drugs. In this study, it can be inferred that blood eosinophils and FeNO can be used to evaluate 
airway inflammation in patients with AECOPD. This relationship has potential application in assessing the acute exacerbation 
of airway inflammation in patients with COPD, guiding the use of glucocorticoid therapy and evaluating the prognosis. It 
indicates that FeNO is a beneficial supplement to blood eosinophil count. Its accuracy has been clinically verified and has 
prominent clinical significance for the detection of COPD. However, there are still many limitations in the practical clinical 
application of FeNO detection. To address some of these limitations, a large sample, multi-factor and multi-mode experiment 
should be carried out. Comprehensive testing is required to explore the value and prospect of FeNO in clinical application.

Conclusion
FeNO is a marker of airway inflammation level, which can evaluate airway inflammation in patients with AECOPD and 
effectively reflect the severity of the disease. FeNO has certain significance in assessing the acute exacerbation of airway 
inflammation in patients with COPD, guiding the treatment and prognosis of glucocorticoid. At the same time, the 
detection of FeNO concentration can be used as an index to evaluate the severity of COPD and predict the recovery of 
activity after treatment. The combination of FeNO and eosinophils can improve the prediction of ICS use in COPD 
patients. FeNO is a beneficial supplement to eosinophils.
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