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Abstract: Objective: To explore the critical value and possible influencing factors of fractional exhaled nitric oxide 
(FeNO) in suspected asthma patients. Methods: 923 suspected asthmatics consecutively referred to our hospital 
during December 2012 to July 2014 were selected. All cases were carried out FeNO measurement at first; next, 
spirometry, bronchoprovocation tests or bronchodilation tests were used to confirm or exclude asthma. Receiver 
operating characteristic curve (ROC) was used to determine the best cut-off value of FeNO for asthma diagnosis. 
Results: In bronchoprovocation test, 125 cases were diagnosed as asthma, other 283 were non-asthmatics. FeNO 
levels of asthmatics were significantly higher than non-asthmatics (median, 64.8 ppb vs. 27.9 ppb, P < 0.01). In this 
group of patients, 64 ppb was the best cut-off value of FeNO to identify asthma with sensitivity of 52.0% and speci-
ficity of 94.35%. In bronchodilation test, 185 patients were diagnosed as asthma, other 330 were non-asthmatics. 
FeNO levels of asthmatics were significantly higher than non-asthmatics (median, 60.6 ppb vs. 29.05 ppb, P < 
0.01). In bronchodilation test patients, 41 ppb was the best cut-off value of FeNO to identify asthma with sensitivity 
of 72.43% and specificity of 74.85%. Influencing factors analysis showed that sex was an independent factor affect-
ing patients’ FeNO level. Conclusion: FeNO was an effective auxiliary diagnosis method for bronchial asthma. 64 
ppb and 41 ppb was the best cut-off value of FeNO to identify asthma in bronchoprovocation test or bronchodilation 
test, respectively. Sex was an independent factor affecting patients’ FeNO level.
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Introduction

Asthma is a common chronic airway inflamma-
tory disease; it is characterized by chronic 
inflammation, bronchial hyper-responsiveness 
(BHR) and usually reversible airway obstruc-
tion. According to the report’ Global Burden of 
Asthma’ from Global Initiative for Asthma 
(GINA), over 300 million individuals worldwide 
was affected by asthma, making it one of the 
most prevalent chronic diseases [1]. Although 
asthma is rarely fatal, the economic burden 
resulted from this disease is extensive, includ-
ing prescription drug costs, health care costs, 
and productivity losses. Typical symptoms of 
asthma including cough, chest tightness, dys-
pnoea and wheezing, which are often triggered 
by factors such as exercise, allergen or irritant 
exposure, change of weather, obesity and diet, 
or viral respiratory infections [2].

The diagnosis of asthma is usually based on 
patient’s clinical history, symptoms, signs and 
lung function tests. Bronchoalveolar lavage and 
endobronchial biopsy are two reliable methods 
to evaluate inflammation status of airway; 
However, clinical application of those methods 
are limited due to their traumatic and costly 
nature [3, 4]. Lung function measurements 
such as bronchodilation tests and peak flow 
measurements are used for quantification of 
the airway obstruction and its reversibility to 
bronchodilator. For patients who have asthma 
symptoms but normal lung functions, determi-
nation of BHR to bronchoconstrictor agent 
(such as methacholine and histamine) may help 
to ascertain the diagnosis of asthma; However, 
bronchoprovocation tests are time-consuming 
and carrying a small risk of severe broncho-
spasm [5]; Besides, they need specific equip-
ment and expertise that are usually only avail-
able in a specialized clinical setting.
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In the past decades, several biomarkers includ-
ing exhaled breath condensate, vascular endo-
thelial growth factor, induced sputum, eosino-
phil cationic protein have been used for asthma 
diagnosis and control [6]. However, all these 
tests were lack of sufficient sensitivity and 
specificity. Fractional exhaled nitric oxide 
(FeNO) is a small molecule produced by human 
secrete cells, which is internationally recog-
nized as a marker of airway inflammation [7]. 
Numerous studies have demonstrated that 
FeNO was increased in asthmatic patients 
[8-11]. Meanwhile, FeNO was also associated 
with airway BHR [12]. Therefore, FeNO was gen-
erally considered as a valuable biomarker in 
asthma diagnosis.

On the other hand, the cut-off value of FeNO for 
asthma diagnosis is inconsistent due to differ-
ent study design. In this study, we focused on 
suspected asthma patients to assess the diag-
nostic ability and possible influencing factors of 
FeNO.

Patients and methods

Subjects and study design

This study was approved by ethnic committee 
of Daping Hospital, Third Military Medical 
University in 2009, the Ethics committee 
approved relating screening, treatment and 
data collection of these patients, all subjects 
signed written informed consent form. All works 
were undertaken following the provisions of the 
Declaration of Helsinki.

During December 2012 to July 2014, all sus-
pected asthma patients consecutively referred 
to the outpatient clinic of our hospital were 
included in this study. Patient was considered 
as suspected asthma based up on their symp-
toms (recurrent wheezing, dyspnoea, chest 
tightness and/or cough, duration over 6 
months), physical examination results and his-
tory of atopy. Patients with serious cardiovascu-
lar system diseases or other diseases (such as 
emphysema, pneumothorax, pulmonary fibro-
sis and lung cancer etc) that can damage lung 
function were excluded from this study. Other 
exclusion criteria including: (1) Vigorous exer-
cise in 1 hour before FeNO measurement; (2) 
Smoking or drinking or used bronchodilators in 
4 hours before FeNO measurement; (3) Had 
clear respiratory infection in 7 days before 

FeNO measurement; (4) Used systemic steroids 
in 2 days before FeNO measurement; (5) Used 
inhaled corticosteroids or had allergic rhinitis 
attack in 4 weeks before FeNO measurement; 
(6) Chest imaging showed there were pulmo-
nary infections or tumors or other abnormali-
ties. Finally, 923 patients were included in this 
study, in which 426 were male, 497 were 
female. All cases were carried out FeNO mea-
surement at first; next, spirometry was per-
formed to check patients’ baseline lung func-
tions; after then, bronchoprovocation test or 
bronchodilation test was used to confirm or 
exclude asthma. In this study, the diagnosis of 
asthma was made based up on the following: 
bronchoprovocation test result was positive or 
bronchodilation test result was positive. 
Patients or their legal guardians gave written 
informed consent for this study.

FeNO measurement

FeNO was measured by a Nano Coulomb nitric 
oxide analyzer (Shangwo Biotechnology Co., 
Ltd., Jiangsu, China) according to the American 
Thoracic Society (ATS) guidelines and expressed 
as parts per billion (ppb). Patients were tested 
at resting state. After inhalation of ambient air 
through a nitric oxide scrubber to total lung 
capacity, testers then exhaled against expira-
tory resistance to exclude nasal air. The exhaled 
platform time duration was more than 2 sec-
onds with a 2-min analysis period. Repeated 
exhalations (two values that agree within 5% or 
3 that agree within 10%) were performed at a 
constant flow rate of 50 mL/s. 

Determination of bronchoprovocation test

Baseline spirometry was performed by JAEGER 
spirometer (Erich Jaeger GmbH, Friedberg, 
Germany) according to ATS guidelines. 
Bronchoprovocation test was made for patients 
whose baseline forced expiratory volume in the 
first second (FEV1) was more than 80% of pre-
dicted. Methacholine (Sigma, MO, USA) was 
administrated by quantitative aerosol inhala-
tion method to induce BHR. Methacholine was 
diluted into 25 mg/ml and 50 mg/ml and 
placed in a nebulizer. 0.9% saline was inhaled 
at first, followed by 25 mg/ml, 25 mg/ml, 25 
mg/ml, 50 mg/ml, and 50 mg/ml methacho-
line, respectively. Lung function was measured 
two minutes after each inhalation. Nebulization 
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was stopped when FEV1 decreased by 20% of 
baseline value or methacholine reached maxi-
mum dose. After then, salbutamol was inhaled 
to repair patients’ lung functions to baseline 
level. Provocation test result was judged as 
positive when FEV1 drop ≥ 20% of baseline 
value.

Determination of bronchodilation test

Baseline spirometry was performed by JAEGER 
spirometer (Erich Jaeger GmbH, Friedberg, 
Germany) according to ATS guidelines. 

All data were analyzed by SPSS 19.0 software 
(SPSS Inc., IL, USA) and presented as N (%) or 
median (range). Categorical variables were ana-
lyzed by chi square test. Non-normal distribu-
tion variables were analyzed by Mann-Whitney 
U method. ROC curve analysis was performed 
by Medcalc 9.2 (MedCalc Software, Mariakerke, 
Belgium).

Bronchoprovocation test

408 suspected asthma patients were suitable 
for bronchoprovocation test, in which 125 were 
diagnosed as asthma, other 283 were non-
asthmatics. When compared with asthma 
patients, the sex ratio and smoking history of 
non-asthmatics patients showed no significant 
difference (P > 0.05). However, age of non-asth-
matics patients was significantly higher than 
that of asthma patients (median, 46 yeas vs. 
41 years, P < 0.05); FeNO level of non-asthmat-
ics patients was significantly lower than that of 
asthma patients (median, 27.9 ppb vs. 64.8 
ppb, P < 0.01) (Table 1).

Besides, We also used binary logistic regres-
sion model to evaluate the influence of age and 
FeNO in diagnosing asthma in bronchoprovoca-
tion test (bronchoprovocation test result was 
taken as dependent variable, age and FeNO 
were taken as covariates, results were not 
shown). Results showed that FeNO level was 
the only independent influencing factor for 
asthma diagnosis. 

ROC curve was used to determine the perfor-
mance of FeNO predicting asthma in broncho-
provocation test suitable patients. Results 
showed that the best cut-off value, area under 

Table 1. Basic information for bronchoprovocation test patients
Parameters Bronchoprovocation test

Asthma (N=125) Non-asthma (N=283)
Sex
    Male 53 (42.4%) 122 (43.1%)
    Female 72 (57.6%) 161 (56.9%)
Smoking history
    Yes 31 (24.8%) 71 (25.1%)
    No 94 (75.2%) 212 (74.9%)
    Age, years 41 (17-75) 46 (13-82)*
    FeNO, ppb 64.8 (8.9-315.1) 27.9 (9.0-169.2)**
Note: Asthma vs. Non-asthma, *P < 0.05, **P < 0.01. Categorical variables 
were expressed as an N (%); continuous variables were expressed as median 
(range).

Figure 1. The ROC curve of FeNO measurement for 
predicting asthma in bronchoprovocation test pa-
tients. The best cut-off value , area under the curve 
(AUC), sensitivity, specificity, positive predictive 
value (PPV) and negative predictive value (NPV) of 
FeNO predicting asthma was 64 ppb, 0.758, 52.0%, 
94.35%, 80.24% and 72.75%, respectively.

Bronchodilation test was made 
for patients whose baseline FEV1 
was less than 70% of predicted. 
Patients were asked to inhale 
400 μg albuterol sulfate inhala-
tion aerosol (GSK, Middlesex, 
UK). After 15-20 minutes rest, 
spirometry was repeated. Bro- 
nchodilation test result was con-
sidered as positive if patient’s 
FEV1 after albuterol sulfate inha-
lation was 15% greater than 
baseline value and the absolute 
value of FEV1 was increased 
more than 200 ml. 

Statistical analysis
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the sex ratio, smoking history and age of non-
asthmatics patients showed no significant dif-
ference (P > 0.05). FeNO level of non-asthmat-
ics patients was significantly lower than asthma 
patients (median, 29.05 ppb vs. 60.6 ppb, P < 
0.01) (Table 2). ROC curve analysis demon-
strated that, in bronchodilation test patients, 
the best cut-off value, AUC, sensitivity, specific-
ity, PPV and NPV of FeNO predicting asthma 
was 41 ppb, 0.78, 72.43%, 74.85%, 61.75% 
and 82.89%, respectively (Figure 2). 

Influencing factors of FeNO

In this study, we only explored the influences of 
sex, age and smoking history on FeNO mea-
surement. Results demonstrated that male 
patients had greater FeNO level than female 
(median, 37.85 ppb vs.31.5 ppb, P < 0.01). 
While, age (< 60 years vs. ≥ 60 years) and 
smoking history (positive vs. negative) didn’t 
show significant inter-group difference (P > 
0.05) (Table 3).

In light of the aforementioned results, smoking 
history had no influence on FeNO level in sus-
pected asthma patients; however, due to the 
fact that only little female patients had smoking 
history; therefore, we further explored the influ-
ences of smoking on FeNO from the perspec-
tive of sex.

In male, positive smoking history patients had 
significant lower FeNO level than negative 
(median, 34.2 ppb vs. 43.6 ppb, P = 0.001); 
However, in female, the FeNO level was almost 
the same between positive and negative smok-
ing history patients (median, 34.2 ppb vs. 31.5 
ppb, P = 0.558) (See Table 4). 

Table 2. Basic information for bronchodilation test patients

Parameters
Bronchodilation test

Asthma (N=185) Non-asthma (N=330)
Sex
    Male 90 (48.6%) 161 (48.8%)
    Female 95 (51.4%) 169 (51.2%)
Smoking history
    Yes 54 (41.2%) 105 (31.8%)
    No 131 (58.8%) 225 (68.2%)
    Age, years 45 (15-89) 48 (9-85)
    FeNO, ppb 60.6 (10.7-735.5) 29.05 (6.0-380.5)**
Note: Asthma vs. Non-asthma, *P < 0.05, **P < 0.01. Categorical variables were 
expressed as an N (%); continuous variables were expressed as median (range).

Figure 2. The ROC curve of FeNO measurement for 
predicting asthma in bronchodilation test patients. 
The best cut-off value, AUC, sensitivity, specificity, 
PPV and NPV of FeNO predicting asthma was 41 ppb, 
0.78, 72.43%, 74.85%, 61.75% and 82.89%, respec-
tively.

the curve (AUC), sensitivity, 
specificity, positive predictive 
value (PPV) and negative pre-
dictive value (NPV) of FeNO 
predicting asthma was 64 ppb, 
0.758, 52.0%, 94.35%,80.24% 
and 72.75%, respectively (Fi- 
gure 1).

Bronchodilation test

515 patients were suitable for 
bronchodilation test, in which 
185 patients were diagnosed 
as asthma, other 330 were 
non-asthmatics. When com-
pared with asthma patients, 

Table 3. Influencing factors of FeNO in sus-
pected asthma patients
Influencing factors FeNO (ppb) P value
Sex
    Male 37.85 (6.0-380.5) 0
    Female 31.5 (8.9-735.5)
Age, years
    < 60 35.1 (6.0-735.5) 0.476
    ≥60 32.85 (8.9-254.7)
Smoking history
    Positive 34.2 (10.0-276.8) 0.976
    Negative 34.9 (6.0-735.5)
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Table 4. The influence of smoking history on FeNO from the 
perspective of sex
Sex Smoking history N (%) FeNO (ppb) P value
Male Positive 238 (55.9%) 34.2 (10.6-276.8) 0.001

Negative 188 (44.1%) 43.6 (6.0-380.5)
Female Positive 23 (4.6%) 34.2 (10.0-151.3) 0.558

Negative 474 (95.4%) 31.5 (8.9-735.5)

Discussion

Asthma is one of the most prevalent chronic 
diseases worldwide. According to the report’ 
Global Burden of Asthma’ from Global Initiative 
for Asthma (GINA), it is estimated that around 
300 million people in the world currently have 
asthma, and there may be an additional 100 
million asthmatics by 2025. When compared 
with countries that have a high incidence of 
asthma, such as Scotland (18.4%) and Jersey 
(17.6%), the prevalence of clinical asthma in 
China is relatively low (2.1%); however, the bur-
den of asthma in our country is very extensive. 
Firstly, there are almost 30 million asthmatics 
in China and this number will increase marked-
ly during the next decade due to urbanization, 
environmental pollution and lifestyle changing; 
Secondly, China has the highest asthma case 
fatality rates in the world, and this rate in rural 
areas is about double of urban areas; Thirdly, 
lots of asthmatics are underdiagnosis (due to 
lack of objective diagnosis tests) and under-
treatment (due to lack of access to asthma 
medications). Therefore, convenient and useful 
diagnosis tests or biomarkers are desperately 
needed in China, especially in the vast rural 
areas where medical resources are limited.

FeNO is a biomarker of airway inflammation, 
which may potentially a valuable aid in asthma 
diagnosis. Almost twenty years ago, Alving et al. 
firstly found that the amount of nitric oxide in 
exhaled air of asthmatics was increased [8]. 
Since then, plenty of studies have assessed 
the relationship between FeNO and asthma. 
Lane et al. discovered that FeNO was associat-
ed with the epithelial expression of iNOS within 
the airways but not with other NOSs [13]. 
Steerenberg et al. examined 450 children aged 
7-12 years to explore the relationship between 
FeNO, impairment of lung function, BHR, and 
blood eosinophilia; They found  BHR and the 
number of blood eosinophils per ml were posi-
tively associated with FeNO levels in atopic chil-
dren but not in non-atopic children [14]. Lex et 

ppb) or in bronchodilation tests patients (medi-
an, 60.6 ppb vs. 29.05 ppb), the levels of FeNO 
in asthma patients were significantly higher 
than that of non-asthmatics, which was in 
accordance with a study performed by Sato et 
al. In their study, they focused on 71 consecu-
tive out-patients with chronic cough and exam-
ined patients’ FeNO, pulmonary function, 
serum IgE, methacholine airway responsive-
ness and induced sputum. They found that the 
level of FeNO was significantly higher in patients 
with asthma compared to other diseases 
including chronic obstructive pulmonary dis-
ease (COPD) and eosinophilic pneumonia with-
out asthma, and the best cut-off value for FeNO 
to diagnosis asthma was 38.8 ppb with sensi-
tivity of 79.2% and specificity of 91.3% [16]. 
Although, it was almost agreed that FeNO in 
asthma patients were higher than that of non-
asthmatics; the cut-off value of FeNO to distin-
guish asthma vary a lot due to different study 
design. Smith et al. investigated 47 consecu-
tive patients with symptoms suggestive of asth-
ma; they took 20 ppb as the cut-off value of 
FeNO to diagnosis asthma with sensitivity of 
88% and specificity of 79% [17]. Schleich et al. 
assessed the ability of FeNO to identify BHR in 
174 suspected asthma patients whose FEV1 ≥ 
70% predicted and no demonstrated reversibil-
ity to β2-agonist. They found that the best cut-
off value of FeNO to identify BHR was 34 ppb 
with sensitivity of 35% and specificity of 95% 
[11]. Our results demonstrated that the best 
cut-off value of FeNO to diagnosis asthma was 
64 ppb with sensitivity of 52.0% and specificity 
of 94.35% in bronchoprovocation test patients, 
and 41 ppb with sensitivity of 72.43% and 
specificity of 74.85% in bronchodilation test 
patients. Interestingly, the best cut-off value to 
distinguish asthmatics from non-asthmatics in 
bronchoprovocation test was much higher than 
that of in bronchodilation test. One possible 
explains for this phenomenon was that the 
asthma phenotypes proportions in those two 
group patients were different.

al. investigated 27 children with 
moderate to severe persistent 
asthma; they found that FeNO 
has significant correlations with 
both eosinophils in sputum and 
bronchoalveolar lavage [15].

In this study, we found that, no 
matter in bronchoprovocation 
tests (median, 64.8 ppb vs. 27.9 
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Lots of demographic and biological factors, 
including sex, eight, age, cigarette smoking, 
atopy, IgE levels, may cause variation in FeNO 
levels. In this study, we explored the influence 
of sex, smoking history and age on FeNO levels 
in suspicious asthma patients. Our results 
showed that male patients had higher level of 
FeNO than female (median, 37.85 ppb vs. 31.5 
ppb, P < 0.05), suggesting sex was a significant 
influencing factor of FeNO in suspected asthma 
patients. This result was consistent with other 
studies [18, 19]. Researchers have found ciga-
rette smoking can reduce FeNO levels and the 
degree of reduction seems to depend on the 
daily cigarette consumption [20]. In our study, 
we found patients with or without smoking his-
tory has no influence on FeNO levels; However, 
for male, those patients with smoking history 
had significant lower FeNO level than those 
without (median, 34.2 ppb vs.43.6 ppb, P = 
0.001); The FeNO of female patients with or 
without smoking history didn’t display inter-
group difference. The probable reason for this 
was that, in China, the daily cigarette consump-
tion of female was normally less than male; 
Therefore, cigarette smoking play more impor-
tant role in male populations. The influence of 
age in FeNO measurement was indeterminate. 
Olin et al. showed that age was independently 
and positively associated with FeNO, individu-
als aged > 64 years had 40% higher FeNO lev-
els than those aged 35-44 years [21]; While, 
just like our results, the study performed by 
Olivieri et al. showed that age and FeNO had no 
correlation [18].

FeNO may be an effective auxiliary diagnosis 
method for bronchial asthma. In bronchoprovo-
cation test patients, 64 ppb was the best cut-
off value of FeNO to identify asthma with sensi-
tivity of 52.0% and specificity of 94.35%. In 
bronchodilation test patients, 41 ppb was the 
best cut-off value of FeNO to identify asthma 
with sensitivity of 72.43% and specificity of 
74.85%. Sex was an independent factor affect-
ing patients’ FeNO level; while, smoking history 
played more important role on male patients’ 
FeNO measurement. 
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