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Abstract. Measurement of fractional exhaled nitric 
oxide (FeNO) is a quantitative and non‑invasive approach to 
examine airway inflammation, which is a powerful aid in diag-
nosing chronic disorders of airways like asthma. Diagnostic 
value of FeNO and relevant indices on pulmonary function 
in the patients with asthma and chronic obstructive pulmo-
nary disease (COPD) was evaluated. A total of 164 patients 
[58 asthma, 49 COPD and 57 asthma‑COPD overlap (ACO)] 
were randomly recruited. FeNO, pulmonary ventilation func-
tion, and bronchial diastolic function were performed. Eight 
indicators including FeNO, vital capacity percentage (VC%), 
forced vital capacity percentage (FVC%), forced expiratory 
volume in one second percentage (FEV1%), forced expira-
tory volume in one second to forced vital capacity percentage 
(FEV1/FVC%), maximum independent ventilation volume 
percentage  (MVV%), the increased percentage of FEV1 
after bronchial diastolic test, the increased absolute value of 
FEV1 after bronchial diastolic test were examined. Significant 
difference in VC%, FVC%, FEV1%, FEV1/FVC%, MVV%, 
the increased absolute value of FEV1 after bronchial diastolic 
test and FeNO were significantly different between patients 
with asthma and patients with COPD (P<0.05). There were 
significant differences of VC%, FVC%, FEV1%, FEV1/FVC%, 
MVV% and the increased percentage of FEV1 after bronchial 
diastolic test in cases of patients with asthma compared to 
ACO patients (P<0.05). There was no statistical significance 
on VC%, FVC%, FEV1%, FEV1/FVC%, MVV% between 
COPD patients and ACO patients (P>0.05). However, more 
importantly, the increased percentage of FEV1 after bronchial 

diastolic test, the increased absolute value of FEV1 after bron-
chial diastolic test and the alterations on FeNO were found 
significantly different in ACO group compared with COPD 
alone (P<0.05). We compared the results from pulmonary 
ventilation function, bronchial diastolic function examination 
as well as FeNO detection among 3 groups of asthma, COPD 
and ACO. The examination of pulmonary ventilation function 
and bronchial diastolic function combined with FeNO detec-
tion is helpful in the early screening of ACO.

Introduction

The two  common diseases in the respiratory system are 
bronchial asthma and chronic obstructive pulmonary disease 
(COPD) (1). We call it asthma ‑ chronic obstructive pulmonary 
overlap (asthma ‑ COPD overlap, ACO) if they coexist in the 
same patient. As early as 1961, Dutch professor Orie suggested 
that asthma and COPD are different manifestations of the same 
disease (1,2). The pathogenesis is based on allergic reactions, 
bronchial hyper‑responsiveness and host genetic factors, and is 
regulated by environmental factors. In 2009, Dr Hunninghake 
found that the small allele SNPrs2276109 in the MMP12 gene 
was associated with asthmatic children and patients with 
smoking COPD (3). The results of Shaya et al (4) also showed 
an overlap between asthma and COPD. In early 2014, updated 
version of the COPD Global Prevention Initiative (GOLD) and 
the May 2014 GINA update were released (5), it was the first 
time, ACO's predecessor, ACOS, was clearly defined. Updated 
version of the 2017 Asthma Guide, ACOS is no longer recom-
mended and proposes the term ‘asthma ‑ chronic obstructive 
pulmonary overlap (ACO)’. There are nearly 40  million 
COPD patients and 30 million asthma patients in China (6,7). 
Compared with simple asthma and COPD patients, ACO 
patients will suffer more frequent acute exacerbations and 
deserve more international attention (8‑12). However, some 
studies have shown that condition of ACO patients tend to 
inreasingly worsen compared with simple asthma or COPD 
patients, but ACO patients do not show a higher severity 
rate than COPD patients (13‑15). Our goal was to investigate 
whether the examination of pulmonary ventilation function 
and bronchial diastolic function combined with fractional 
exhaled nitric oxide (FeNO) detection is helpful or not in the 
early screening of ACO.
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Patients and methods

Patients. Data were randomly selected from patients with 
asthma, COPD, and ACO in Department of Respiration, 
Allergy, Intensive Care Unit (ICU) of the Shandong Provincial 
Hospital Affiliated to Shandong University (Jinan, China) 
from January 2016 to September 2019. In this study, 58 cases 
of asthma patients, 49 patients with COPD, and 57 patients 
with ACO were screened for pathogenesis history, symptoms, 
signs, FeNO and routine pulmonary ventilation test indica-
tors and bronchial dilation test. The patients or their relatives 
signed an informed consent form. This study was approved 
by the hospital Ethics Committee. This study was registered 
in Chinese Clinical Trial Registry (clinical trial registry 
number: ChiCTR‑IPC14005596). All enrolled patients met 
diagnostic criteria and had no other disease affecting pulmo-
nary function testing and FeNO testing.

Methods. A COPD questionnaire was developed based 
on the epidemiological questionnaire of the World Health 
Organization's COPD Obesity Lung Disease (BOLD) and our 
national and environmental factors. The questionnaires were 
issued to the patients and their families who were admitted to 
the respiratory department of the unit from January 2016 to 
September 2019 and their families. The patients were given a 
lung function test. A bronchodilation test was performed by 
inhaling salbutamol aerosol if patient's FEV1/FVC was <70%. 
The result was confirmed to be COPD with FEV1/FVC <70%. 
The criteria of asthema, COPD and ACO was based on inter-
national guidelines (16‑18). The detection instrument was the 
German MasterScreen lung function meter; the Shangwana 
Coulomb Nitric Oxide Detector.

Test indicators. There are 8  specific test indicators. The 
main indicators of lung function were 7 items: Vital capacity 
percentage (VC%), forced vital capacity percentage (FVC%), 
forced expiratory volume in one second percentage (FEV1%), 
forced expiratory volume in one second to forced vital capacity 
percentage (FEV1/FVC%), maximum independent ventila-
tion volume percentage (MVV%), the increased percentage 
of FEV1 after bronchial diastolic test, the increased absolute 
value of FEV1 after bronchial diastolic test. In addition, the 
8th test index fractional exhaled nitric oxide (FeNO) of all 
patients was tested.

Pulmonary function tests. Pulmonary function tests were 
performed at the Department of Pulmonology at Shandong 
Provincial Hospital Affiliated to Shandong University 
according to ATS and ERS standards (19,20). A spirometer 
(Jaeger Masterscreen, Germany) was used to measure the 
main indicators of lung function. Fractional exhaled nitric 
oxide (FeNO) was measured with Shangwana Coulomb Nitric 
Oxide Detector.

Pulmonary function test subjects were prepared as 
follows: Before examination, the patients were asked about 
their medical history, past history and medication situation 
in detail to judge the indication of pulmonary function test 
and to exclude contraindications. Accurate measurement 
of height and weight. Posture: mostly seats, loosen buttons, 
landing on both feet, sitting upright without backrest, head 

naturally horizontal or slightly upward. Before the examina-
tion, patients watched test demonstration videos and they were 
given guidance to clamp the nose clip and bite the interface to 
prevent air leakage and ensure that the chest movement was 
not restricted.

Notes. VC% is the percentage of lung volume. FVC% refers to 
the percentage of the maximum exhaled volume per unit time, 
that is, the percentage of exhaled volume from the maximum 
inspiration to the total lung position, with the greatest effort 
and the fastest speed, and from the vital capacity to the residual 
air position. FVC%≈VC% in normal people and less than 
VC% in patients with obstruction. FEV1% is the percentage of 
exhaled gas volume in one second of forced expiration at the 
total lung volume position. FEV1% is the most commonly used 
parameter and sensitivity index to judge the type and degree of 
ventilation dysfunction. Its reduction is often earlier than that 
of FVC%, indicating the emergence of obstructive ventilation 
dysfunction. FEV1/FVC% is the percentage of the ratio of 
FEV1 to FVC. It is an important index of airflow obstruction. 
Patients with mild airflow obstruction are given enough time 
to exhale the gas adequately. Because the decrease of FVC is 
not obvious, FEV1 has decreased, which leads to the decrease 
of FEV1/FVC in the early stage. In the case of severe airflow 
obstruction, FVC decreased significantly due to imperfect 
exhalation, while FEV1/FVC% decreased slightly or increased 
slightly. Therefore, FEV1/FVC% can reflect the existence of 
airway obstruction, but can not reflect the degree of airway 
obstruction. FVC% and FEV1% take 80% of reference value 
as LIN (lower limit of normal value) (21). The predicted value 
of FEV1/FVC% ≥92% is normal (22). MVV% refers to the 
percentage of maximum air volume in and out of the lungs 
in a unit time. The volume of air obtained by repeating the 
maximum effort of breathing with the fastest speed and 
the deepest amplitude in one minute is the product of tidal 
volume and frequency. It is an important load test that reflects 
whether the thorax is intact, whether the respiratory tract is 
unobstructed, whether the respiratory muscles are sound, and 
whether the elasticity of lung tissue is impaired.

Quality control criteria for FVC examination. No hesitation at 
the beginning of breathing and rapid peak of expiration. The 
extrapolated volume is <5% FVC or <0.15 l.

End‑of‑breath criteria: Patients were unable to continue 
breathing; respiratory plateau lasted >1  sec or expiratory 
time was >3 sec (children <10 years old) or >6 sec (people 
>10 years old).

Acceptable criteria: Smooth breathing curve; no cough, 
no interruption; meeting the starting criteria; meeting the end 
criteria; no glottic closure; no air leakage; no teeth or tongue 
jammer.

Repeatable criteria: At least 3-8  times; the difference 
between the best value and the second best value of FVC<0.15 l; 
the difference between the best value and the second best value 
of FEV1<0.15 l. Bronchial drug relaxation test can be given to 
patients with obstructive ventilation dysfunction. Salbutamol 
is commonly used. The rate of change of lung function was 
(FEV1 value after taking medicine ‑ FEV1 value before taking 
medicine) / FEV1 value before taking medicine, multiplied 
by 100%.
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Diagnostic criteria of diastolic test (23). Positive diastolic 
test was considered as increased rate of FEV1 ≥12% and the 
absolute value was ≥200 ml.

Statistical analysis. The measurement data obtained in this 
study were expressed as (mean ± SD). The data were analyzed 
by SPSS 16.0 statistical software package. The t‑test was used 
to compare the measurement data. The χ2  test was used to 
compare the count data. P<0.05 indicates a statistically signifi-
cant difference.

Results

Patients clinical data. Fifty‑eight  patients with asthma, 
average age was 47 years, including 31 males, 41 patients 
with a history of rhinitis, 53 patients with a history of aller-
gies, 17 patients with a history of family rhinitis, 28 patients 
with a family history of allergies, and 9 smokers. Among the 
49 patients with COPD, the average age was 62 years, 26 males, 
15 patients with a history of rhinitis, 25 patients with a history 
of allergies, 5  patients with a family history of rhinitis, 
6 patients with a family history of allergies, and 33 smokers. 
Fifty‑seven patients with ACO had an average age of 54 years, 
30 males, 31 with a history of rhinitis, 52 with a history of 
allergies, 16 with a history of family rhinitis, 26 with a family 
history of allergies, and 15 smokers (Table Ⅰ).

Basic clinical data. The results of this study found that 
58 patients with asthma and 49 patients with COPD had a 
significant difference on average age, the history of rhinitis, 
allergies, smoking, family history of rhinitis and family 

history of allergies (P<0.05; Table Ⅱ). Comparing 58 patients 
with asthma to 57 patients with ACO, the basic conditions 
were not significantly different in sex, the history of rhinitis, 
allergies, smoking, family history of rhinitis and family 
history of allergies (P>0.05; Table Ⅲ). The results of this 
study found that 49 patients with COPD and 57 patients with 
ACO had a significant difference in average age, the history 
of rhinitis, allergies, smoking, family history of rhinitis and 
family history of allergies (P<0.05; Table Ⅳ).

Main lung function indicators between asthma and COPD. 
The results of this study found that 58 patients with asthma and 
49 patients with COPD had significant statistical difference in 
the main indicators of lung function: VC%, FVC%, FEV1%, 
FEV1/FVC%, MVV%, the increased absolute value of FEV1 
after bronchial diastolic test and FeNO (P<0.05). There was 
no significant difference in the increased percentage of FEV1 
after bronchial diastolic test with asthma patients compared 
to COPD patients (P>0.05; Table Ⅴ).

Main lung function indicators between asthma and ACO. 
Compared to the lung function indexes of 58 patients with 
asthma, there was significant statistical differences in VC%, 
FVC%, FEV1%, FEV1/FVC%, MVV%, the increased 
percentage of FEV1 after bronchial diastolic test with 
57 ACO patients (P<0.05). There was no significant differ-
ence in the increased absolute value of FEV1 after bronchial 
diastolic test with asthma patients compared to ACO patients 
(P>0.05). FeNO showed no significant difference in the 
asthma patients group compared to ACO patients group 
(P>0.05; Table Ⅵ).

Table I. Basic conditions with patients among asthma, COPD and ACO.

Disease	 n	 Male/ 	 Average	 History 	 Allergies	 Family history	 Family history	 History of
		  female	 age	 of rhinitis		  of rhinitis	 of allergies	 smoking

Asthma	 58	 31:27	 47.57±14.49	 41	 53	 17	 28	   9
COPD	 49	 26:23	 62.33±10.83	 15	 25	   5	   6	 33
ACO	 57	 30:27	 55.32±13.07	 31	 52	 16	 26	 15

COPD, chronic obstructive pulmonary disease; ACO, asthma‑COPD overlap.

Table Ⅱ. Comparison of basic conditions with patients between asthma and COPD.

Disease	 n	 Male/ 	 Average	 History 	 Allergies	 Family history	 Family history	 History of
		  female	 age	 of rhinitis	 Yes:no	 of rhinitis	 of allergies	 smoking
				    Yes:no		  Yes:no	 Yes:no	 Yes:no

Asthma	 58	 31:27	 47.57±14.49	 41:17	 53:5	 17:41	 28:30	 9:49
COPD	 49	 26:23	 62.33±10.83	 15:34	 25:24	 5:44	 6:43	 33:16
χ2		  0.002	 4.629	 17.102	 21.897	 5.936	 15.906	 29.923
t			   6.017
P‑value		  0.968	 0.001a	 0.001a 	 0.001a 	 0.015a 	 0.001a 	 0.001a

COPD, chronic obstructive pulmonary disease. aP<0.05.
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Main lung function indicator between COPD and ACO. The 
results of this study found that 49 patients with COPD and 
57 patients with ACO showed significant statistical significance 
in increased percentage of FEV1 after bronchial diastolic test, 
the increased absolute value of FEV1 after bronchial diastolic 
test and FeNO (P<0.05). There was no significant difference 
in VC%, FVC%, FEV1%, FEV1/FVC and MVV% between 
COPD and ACO groups (P>0.05; Table Ⅶ).

Discussion

Asthma is caused by a variety of cells including eosinophils, 
mast cells, T lymphocytes, neutrophils, smooth muscle cells, 
airway epithelial cells as well as airway chronic inflamma-
tory diseases leading to airways (6). Usually, there is a wide 
variety of reversible airflow limitations. The overall age of 
onset of asthma is earlier than COPD, usually with a good 
prognosis (24,25). It is associated with interactions such as 
allergies, airway inflammation, airway hyper‑responsiveness, 
and neurological factors. COPD is a preventable and treat-
able disease with airflow limitation. Airflow limitation is not 
completely reversible and has progressive development. It is 
associated with abnormal inflammatory reactions caused 
by smoke or harmful particles (26-29). The pathogenesis is 
not fully understood, it is generally believed that COPD is 
characterized by chronic inflammation of the airways, lung 
parenchyma, and pulmonary blood vessels (6). Μacrophages, 

T  lymphocytes, and neutrophils are increased in different 
parts of the lung, and some patients also have eosinophilia. 
It was longer for the patient meeting the diagnostic criteria of 
COPD, FEV1/FVC<70% after the bronchodilation test (17). 
Although both asthma and COPD are chronic airway inflam-
matory diseases, the pathogenesis, and clinical manifestations 
are different. Patients also have significant differences in 
response to treatment. The airflow limitation of most asthma 
patients is significantly reversible (30). It is a key feature that 
is different from COPD. However, some patients with asthma 
may have more obvious airway remodeling as the disease 
progresses, resulting in a significant reduction in the revers-
ibility of airflow limitation (31) and it is difficult to distinguish 
from COPD in clinical practice. Our research showed that 
there was statistical significance in the VC%, FVC%, FEV1%, 
FEV1/FVC%, MVV%, the increased absolute value of FEV1 
after bronchial diastolic test and FeNO between asthma and 
COPD patients.

Asthma and COPD occurring in the same patient, was 
named asthma‑chronic obstructive pulmonary overlap 
(asthma‑COPD overlap, ACO) (32). Through our research, 
we found that this probability is not low. The lung func-
tion index of this part of ACO patients began to decrease 
to a different extent than that of patients with asthma alone, 
and the reversibility of airway also decreased. Our findings 
were that there was significant significance on VC%, FVC%, 
FEV1%, FEV1/FVC%, MVV%, the increased percentage of 

Table Ⅲ. Comparison of basic conditions in patients between asthma and ACO.

Disease	 n	 Male/ 	 Average	 History 	 Allergies	 Family history	 Family history	 History of
		  female	 age	 of rhinitis	 Yes:no	 of rhinitis	 of allergies	 smoking
			   Yes:no	 Yes:no		  Yes:no	 Yes:no	 Yes:no

Asthma	 58	 31:27	 47.57±14.49	 41:17	 53:5	 17:41	 28:30	 9:49
ACO	 57	 30:27	 54.32±13.07	 31:26	 52:5	 16:41	 26:31	 15:42
χ2		  0.008	 0.768	 3.2642	 0.001	 0.022	 0.082	 2.030	
t			   2.620
P‑value		  0.930	 0.010a 	 0.071	 0.977	 0.883	 0.775	 0.154

ACO, asthma‑COPD overlap. aP<0.05.

Table Ⅳ. Comparison of basic conditions in patients between COPD and ACO.

Disease	 n	 Male/ 	 Average	 History 	 Allergies	 Family history	 Family history	 History of
		  female	 age	 of rhinitis	 Yes:no	 of rhinitis	 of allergies	 smoking
			   Yes:no	 Yes:no		  Yes:no	 Yes:no	 Yes:no

COPD	 49	 26:23	 62.33±10.83	 15:34	 25:24	 5:44	 6:43	 33:16
ACO	 57	 30:27	 54.32±13.07	 31:26	 52:5	 16:41	 26:31	 15:42
χ2		  0.002	 1.706	 6.063	 21.434	 5.294	 13.921	 17.903	
t			   3.401			 
P‑value		  0.965	 0.001a	 0.014a 	 0.001a 	 0.021a 	 0.001a 	 0.001a

COPD, chronic obstructive pulmonary disease; ACO, asthma‑COPD overlap. aP<0.05.
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FEV1 after bronchial diastolic test in cases of patients with 
asthma compared to patients with ACO. Part of the lung func-
tion indicators of ACO patients, especially those that reflect 
the function of the large airway, began to decrease, such as 
FEV1% and FEV1/FVC%. The mean ± SD of FEV1% with 
asthma patients to ACO patients (90.83±15.83 vs. 52.77±18.50, 
P=0.001). The mean ± SD of FEV1/FVC% with asthma group 
to ACO group (92.86±14.13 vs.66.16±13.16, P=0.001).

The ratio of forced expiratory volume to forced vital 
capacity in one second is the most commonly used param-
eter for judging the type and degree of damage of ventilator 
dysfunction, and is also a sensitive indicator for judging 
obstructive ventilator dysfunction. The reduction of FEV1% 
is often earlier than the decrease of FVC, which indicates 
the occurrence of obstructive ventilator dysfunction. This 
study fully supports the above conclusions. FEV1/FVC% is 
an important indicator of airflow obstruction. Patients with 
mild airflow obstruction given enough time to exhale the 
gas can fully exhale. In this group of patients, the decline in 
FVC was not obvious, and FEV1 had decreased, resulting 
in a decrease in FEV1/FVC in the early stage. In the case of 
severe airflow obstruction, FVC drops significantly due to 
imperfect exhalation. The FEV1/FVC decline is not obvious 
and increases. Therefore, FEV1/FVC can reflect the presence 
of airway obstruction, but it cannot reflect the extent of airway 
obstruction (33). Compared with patients with COPD, some 
patients with ACO have a tendency to reduce the reversibility 
of the airway. However, the reversible space of the airway is 
still large. Our research showed that there was no statistical 
significance in VC%, FVC%, FEV1%, FEV1/FVC%, MVV% 
between ACO and COPD group. However, importantly, the 
alterations on FeNO, the increased percentage of FEV1 after 
bronchial diastolic test, the increased absolute value of FEV1 
after bronchial diastolic test were found significantly different 
in ACO group compared with COPD alone (P<0.05). There 
was significant difference in the increased percentage of FEV1 
after bronchial diastolic test, with COPD patients compared 
to ACO patients (11.94±10.57  vs.  19.09±11.84, P=0.001). 
There was a significant difference in the increased absolute 
value of FEV1 after bronchial diastolic test with COPD group 
compared to ACO group (133.67±115.61 vs. 261.93±155.89, 
P=0.001). FeNO in the COPD group compared to ACO group 
(33.33±19.02 vs. 80.14±66.90, P=0.001).

This study showed that FeNO was significantly 
different between asthma group and COPD  group 
(71.69±53.95  vs.  33.33±19.02, P=0.001). Also, there was 
a significant difference between ACO and COPD  group 
(80.14±66.90  vs.  33.33±19.02, P=0.001). So, FeNO is a 
sensitive indicator for assisting screening for asthma and 
ACO patients. The determination of exhaled nitric oxide 
concentration is one of the most useful and prospective 
airway inflammation markers. A study has confirmed that 
FeNO level had a good correlation with eosinophilic airway 
inflammation (34). It is an indicator that can reflect respira-
tory inflammation. The determination of FeNO is simple and 
non‑invasive.

Therefore, the examination of pulmonary ventilation 
function and bronchial diastolic function combined with 
FeNO detection is helpful in the early screening of ACO and 
the identification of COPD. It is helpful in finding out the 
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untypical clinical symptoms of COPD, to raise awareness of 
the importance of pulmonary function detection in society, to 
lay a solid foundation for exploring the early prevention and 
treatment of ACO and long‑term prognosis.
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