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ABSTRACT  

Introduction. La mesure de monoxide d’azote (NO) dans l'air expirée peut aider à diagnostiquer les patients asthmatiques 
présentent une toux chronique nocturne comme le symptôme principal. Cependant, la corrélation entre le niveau de NO 
exhalé fractionné (FENO) et l'hyper-réactivité bronchique (HRB) n'a pas été clairement démontrée. Objectif. Cette étude 
visait à évaluer le niveau de FENO et de HRB chez les sujets ayant de toux chronique, la corrélation entre le niveau de FE-
NO et la concentration de PD20 - méthacholine, et le seuil de FENO pour le diagnostic de HRB. Méthode. Les sujets atteints 
de toux chronique ont été inclus dans cette étude. Ils ont bénéficié des mesures de FENO, des tests de provocation à la mé-
thacholine et des tests fonctionnels respiratoires. Résultats. Il y avait 32 sujets témoins sains et 67 sujets avec toux chro-
nique ont été inclus dans cette étude. L'âge moyen et le rapport hommes-femmes n'étaient pas différents entre deux 
groupes (43±7 vs 42±6 ans; 1,4 vs 1,3). Le taux de FENO chez les sujets présentant une toux chronique était significative-
ment supérieur à celui observé chez les sujets témoins (37±12 vs 15±8 ppb; P<0,01). Le pourcentage de sujets ayant un HRB 
positif chez les sujets présentant une toux chronique était significativement plus élevé chez les sujets témoins (55,2 vs 3,1%; 
P<0,001). Chez les sujets ayant d'HRB (+), le taux de FENO était étroitement lié au Log PD20 (R =-0,83; P<0,001). Le seuil 
de FENO pour le diagnostic de la HRB (+) est > 36 ppb avec la sensibilité et la spécificité les plus élevées (> 80% et> 75%). 
Conclusion. La mesure de FENO avec un appareil portable est un outil utile pour diagnostiquer les sujets présentant une 
hyperréactivité bronchique, en particulier chez les sujets présentant une toux chronique. 
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Introduction. Measurement of nitric oxide (NO) in exhaled breath may help to diagnose asthmatic patients have nocturnal 
chronic cough as a main symptom. However, the correlation between the level of fractional exhaled NO (FENO) and bron-
chial hyperresponsiveness (BHR) in asthma has not been clearly demonstrated. Objective. This study aimed to evaluate the 
level of FENO and BHR in subjects with chronic cough, the correlation between the level of FENO and concentration of 
PD20 – methacholine, and the cut-off of FENO for diagnosis of BHR. Method. Subjects with chronic cough were included 
in this study. They underwent FENO measurements, methacholine challenge and lung functional testing. Results. There 
were 32 healthy control subjects and 67 subjects with chronic cough were included in this study. The mean age and male - 
female ratio were not different between two groups (43±7 vs 42±6 years; 1.4 vs 1.3). The level of FENO in subjects with chronic 

cough was significant higher than that in control subjects (37±12 vs 15±8 ppb; P <0.01). The percentage of subjects had the positive 

BHR in subjects with chronic cough was significantly higher control subjects (55.2 vs 3.1 %; P<0.001). In subjects with BHR (+), 

FENO level was tightly correlated with log PD20 (R = -0.83; P<0.001). The cut-off of FENO level for diagnosis of BHR (+) is >36 ppb 

with the highest sensitivity and specificity (>80% and >75%). Conclusion. The measurement of FENO with portable device is a 
useful tool to diagnose subjects with bronchial hyperresponsiveness, especially for subjects with chronic cough. 
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INTRODUCTION 
 
Nitric oxide (NO) concentration in the exhaled 
breath is suggested as a biomarker of inflammation 
[1]. The technique of measuring NO in exhaled 
breath (FENO) is a non-invasive method for evaluat-
ing chronic airway inflammation in asthma or COPD 
[2-10]. Currently, the presence of portable devices for 
measurement of FENO (fractioned exhaled NO) may 
help clinicians to perform this technique in daily 
work. Portable devices may be used to manage aller-
gic rhinitis, asthma and other respiratory disorders 
such as bronchial hyperresponsiveness (BHR), 
chronic bronchitis, or chronic cough.  The level of 
FENO directly reflects the inflammatory process that 
occurs in the airways [11].  
 
Previous studies have shown that there is a strong 
correlation between FENO and increased concentra-
tions of inflammatory biomarkers such as blood eo-
sinophil counts, blood soluble interleukin concentra-
tions or eosinophil level in induced sputum 
[3,5,11,12]. FENO, however, has a good specificity 
and sensitivity than other methods such lung func-
tion testing, exercise induced bronchospasm or dry 
air breathing for the diagnosis of asthmatic patients.  
 
Measurement of NO in exhaled breath may help to 
diagnose asthma in the latent period, especially 
when asthmatic patients have nocturnal chronic 
cough as a main symptom of asthma. Moreover, the 
correlation between the level of FENO and BHR, a 
pathological feature associated with chronic inflam-
mation in asthma [13], has also been demonstrated. 
This phenomenon is also implicated in the pathogen-
esis of asthma and chronic cough related to asthma; 
it is also known as a risk factor for the development 
of respiratory symptoms as well as a predictor of 
respiratory functional decline [2,14].  
 
BHR is currently diagnosed by methacholine chal-
lenge testing. This method [14] is the most common 
technique for assessing an increased hyperrespon-
siveness. This method uses methacholine, a product 
that directly affects smooth muscle cells and causes 
bronchial smooth muscle contraction. The evaluation 
of MCT result is based on the methacholine concen-
tration that decreases FEV1 (forced expiratory vol-
ume in first second) by more than 20% in adult. 
Methacholine challenge testing is also very useful for 
the diagnosis of atypical asthma [15], especially for 
subjects suspected asthma with chronic cough [16]. 
The presence of BHR associated with increased 
FENO may be a good evidence for treatment with 
anti inflammatory drugs such as leukotriene recep-
tor antagonists or inhaled corticosteroids. 
This study aimed to evaluate the level of FENO and 
BHR in subjects with chronic cough, the correlation  

 
 

between the level of FENO and concentration of 
PD20–methacholine, and the cut-off of FENO for 
diagnosis of BHR (+). 
 
METHOD 
 
Study subjects  
Subjects with chronic cough were included in this 
study after signing an Institutional Review Board 
(IRB) approved consent and meeting the inclusion 
criteria at Clinical Research of LD Medical College.  
Inclusion criteria: subjects with chronic cough it lasted 
for more than 2 weeks; no medical history with 
chronic bronchitis or diagnosed asthma; chronic 
cough was not related to ENT (ear-nose-throat) 
problem or GERD (gastroesophageal reflux disease); 
normal chest X-ray. 
Exclusion criteria: active smokers; recent respiratory 
infection; chronic bronchitis; diagnosed asthma; iat-
rogenic cough; GERD; allergic rhinitis; contraindica-
tions for methacholine testing (MCT); could not do 
FENO measurement and spirometry. 

 
Laboratory techniques 
Measurement of exhaled NO (FENO) 
FENO measurement is performed by portable device 
using chemiluminescence analyzer labeled NO 
Breath® (Bedfont; UK). To ensure compliance, the 
study subjects needed to exhale through the mouth-
piece with a flow rate at 50 mL/s; the technician con-
nected the mouthpiece to the NObreath® flo and 
perform a test blow; the ball in the flow indicator 
needs to be within the white band throughout the 
duration of the test; the monitor is easy to operate 
with its icon-based touchscreen display. Briefly, to 
power on the NObreath®, the operator attached the 
mouthpiece and selected the adult setting to initiate 
the test; keeped the ball inbetween the white areas of 
the visual aid to ensure correct flow into the 
NObreath Flo with deep breath in; when prompted, 
take a deep breath in and exhale until the purple 
status bar is filled and the NObreath® beeps. Results 
displayed on the screen on the NObreath FeNO 
monitor. The reading displayed as a single value in 
parts per billion on the screen in accordance to the 
guidance [17]. 
 
Measurement of spirometry 
Spirometry was done by Blue Spiro or Body Box 500 
(Medisoft, Sorinnes, Belgium). Each study subjects 
performed three flow curves and the best value    
recorded, in accordance with the ATS/ERS specifica-
tion [17]. The data of spirometry was presented as a 
percentage of the theoretical normal value as        
recommended. 
 
Measurment of BHR 
BHR was measured by bronchocontraction challenge  
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with methacholine in the form of a 5% concentration 
solution. Prior to each test, a solution of 2.5% 
methacholine was prepared by diluting the stock 
solution in 2 ml of saline solution (NaCl 0.9%). Study 
subjects in sitting posture, using nose clip and oral 
inhalation from an aerosol spray device 
automatically triggered by computer software. After 
the first measurement with methacholine-free 
diluted saline, the subject inhaled methacholine 
through several steps at twice the dose starting from 
100 μg to a maximum cumulative dose of 3,100 μg. 
FEV1 was measured at 30 seconds after each step, 
and the lowest value was recorded. The test stops 
when >20% decrease in FEV1 occurs, or after 
reaching the maximum dose. The dose of 
methacholine accumulated causing 20% reduction in 
FEV1 value (PD20-methacholine) was calculated 
from linear equation of response curve / dose. BHR 
was positive (+) when there was a decrease in FEV1> 
20% at methocholine dose ≤3,100 μg. All the study 
subjects who underwent methacholine challenge 
testing received 400 µg of salbutamol after the test to 
assure FEV1 post-test >80% before leaving the 
Research Center. 
 
Statistical analysis 
Statistical analysis was performed by using SPSS 
software (version 20.0, Chicago IL; USA). The 
comparison between the two groups was done by 
the Student test. Pearson coefficients were used to 
evaluate the correlation between parameters and 
statistical significance as determined by a P value 
<0.005. The ROC curve is used to examine the FENO 
predictive value for BHR. 
 
RESULTS 
 
Clinical and functional characteristics of study 
subjects 
There were 32 healthy control subjects and 67 
subjects with chronic cough were included in this 
study. Subjects were classified into two groups: 
group 1 consisting of 32 control subjects and group 2 
with 67 subjects with chronic cough. The clinical 
characteristics of the study are summarized in Table 
1. The mean age and male - female ratio were not 
different between two groups (43±7 vs 42±6 years; 
1.4 vs 1.3; Table 1). The body mass index (BMI) scores 
did not differ between subjects with chronic cough 
vs controls (23.7±3.7 vs 23.5±4.2 kg/m2; Table 1). The 
smoking status was not significant difference 
between two groups (Figure 1). The level of FENO in 
subjects with chronic cough was significant higher 
than that in control subjects (37±12 vs 15±8 ppb; P 
<0.01; Table 1). The spirometry data was in the limit 
of normal in two groups. There was no obstructive 
ventilatory disorder (Table 1). The FEV1 in subjects 
with chronic  

 
 

cough was not significant difference in compare to 
control subjects (89±8 vs 90±9%; Table 1). The per-
centage of subjects had the positive and negative 
BHR in subjects with chronic cough was significantly 
different in compare to control subjects (55.2 and 
44.8 vs 3.1 and 96.9%; P<0.001 and P<0.001; respec-
tively). 

FIGURE 1. Smoking status between control subjects and 
subjects with chronic cough. 

 
 

 TABLE  1 

 

Clinical and functional characteris-
tics of study subjects 

Parameters 
 

Control 
 

(n=32) 

Chromic 
cough 
(n=67) 

P 
 

Clinical characteristics       

Age, years 42±6 43±7 NS 

Male – Female ratio 1.3 1.4 NS 

BMI, kg/m2 23.5±4.2 23.7±3.7 NS 

Smoking status       

Non smokers, % 81.3 81.1 NS 

Former smokers, % 12.5 13.5 NS 

Passive smokers, % 6.2 5.4 NS 

Functional characteristics 

Exhaled NO 

FENO, ppb 15±8 37±12 <0.01 

Spirometry testing, % 

FVC 94±8 92±12 NS 

FEV1 90±9 89±8 NS 

FEV1/FVC 81±7 80±8 NS 

Bronchial hyperresponsiveness (BHR), % 

Positive BHR 3.1 55.2 <0.001 

Negative BHR 96.9 44.8 <0.001 

BMI: body mass index; FVC: forced vital capacity; TLC: total 
lung capacity; FEV1: forced expiratory volume in one second; 
FENO: fractional concentration of exhaled nitric oxide. 
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Clinical and functional characteristics of subjects 
with chronic cough classified by BHR (-) or  (+) 
The clinical and functional characteristics of subjects 
with chronic cough classified by BHR positive (+) or 
negative (-) are presented in Table 2. There were no 
significant differences between subjects with BHR (-) 
and BHR (+) for age, male - female ratio, and BMI 
(Table 2). The percentage of subjects with BHR (+) 
and non smokers was higher than that in subjects 
with BHR (-) (86.4 vs 73.3%; P<0.05; Table 2) while 
the percentage of subjects with BHR (+) and former 
smokers was lower than subjects with BHR (-) (6.6 vs 
20.1%; P<0.01; Table 2). The spirometric parameters 
were not significant differences between subjects 
with BHR (-) vs BHR (+). However, the level of 
FENO in subjects with BHR (+) was significantly 
higher than subjects with BHR (-) (48±12 vs 27±6 
ppb; P<0.01; Table 2). 

 

TABLE  2 
 

Clinical and functional characteristics 
of subjects with chronic cough classi-
fied by BHR (-) or BHR (+) 

Parameters 
 

BHR (-) 
(n=30) 

BHR (+) 
(n=37) 

P 
 

Clinical characteristics       

Age, years 44±7 42±5 NS 

Male - Female ratio 1.3 1.4 NS 
BMI, kg/m2 22.8±3.9 23.9±3.1 NS 
Smoking status       
Non smokers, % 73.3 86.4 <0.05 
Former smokers, % 20.1 6.6 <0.01 
Passive smokers, % 6.6 7.0 NS 

Functional characteristics 

Exhaled NO 

FENO, ppb 27±6 48±12 <0.01 

Spirometry testing, % 
FVC 91±7 90±11 NS 
FEV1 89±10 90±7 NS 
FEV1/FVC 81±7 78±9 NS 

BMI: body mass index; FVC: forced vital capacity; TLC: total 
lung capacity; FEV1: forced expiratory volume in one second; 
FENO: fractional concentration of exhaled nitric oxide. 

 
Correlation between BHR and FENO and the cut-
off of FENO for diagnosis of BHR (+) 
The correlation between BHR and FENO was meas-
ured by linear regression equation between the level 
of FENO and Log PD20-methacholine as shown in 
Figure 1 for subjects with BHR (+). In these subjects, 
FENO was tightly correlated with log PD20 (R = -
0.83; P<0.001). By multivariate regression analysis, 
the results showed that the correlation between 
FENO and Log PD20 was not influenced by age, sex, 
BMI, and FEV1. 
ROC curve for BHR (+) is shown in Figure 4. The cut-
off of FENO level for diagnosis of positive bronchial 
responsiveness (BHR +) is >36 ppb with the highest 
sensitivity and specificity (>80% and >75%; respec-
tively; Figure 4). 

 
 

FIGURE 2. Smoking status between subjects with BHR 
(+) vs BHR (-). BHR: bronchial hyperresponsiveness. 

FIGURE 3. Correlation between the level FENO and Log 
PD20 - Methacholine in subjects with BHR (+). 
FENO: fractional exhaled nitric oxide; BHR: bronchial hyperre-
sponsiveness; PD20: cumulative dose of methacholine to reduce 
FEV1 20%. 

FIGURE 4. ROC curve for the cut-off of FENO level. 
FENO: fractional exhaled nitric oxide; ROCC: receiver operat-
ing characteristic curve. 
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DISCUSSION 
 
The results of the study showed that: 1) Subjects 
with chronic cough had  increased FENO level than 
control subjects; 2) Subjects with chronic cough had 
higher percentage of bronchial hyperresponsiveness 
(BHR) measured by methacholine testing; 3) The 
level of FENO in subjects with  BHR (+) was signifi-
cantly higher than subjects with BHR (-);  4) There 
was a significant correlation between FENO level 
and LogPD20 – methacholine in subjects with chron-
ic cough who had BHR (+); 5) The cut-off of FENO 
for diagnosis of BHR (+) with highest sensitivity and 
specificity was > 36 ppb. Chronic cough is a very 
common symptom in respiratory diseases and may 
be cause of different etiologies. The most common 
causes of chronic cough without infectious symp-
toms are chronic bronchitis, COPD, asthma or gas-
troesophageal reflux disorder (GERD). Previous 
studies showed that bronchial hyperresponsiveness 
is also frequent in subjects with chronic cough [16]. 
In subjects with allergy status, chronic cough may be 
a symptom of asthma, particularly nocturnal chronic 
cough [19]. In the present study, subjects with chron-
ic cough had high level of FENO than control sub-
jects (Table 1). The results of our previous study and 
the present study showed that the level of control 
subjects was less than 25 ppb as recommended by 
international guidelines. The high level of FENO in 
subjects with chronic cough and without the symp-
toms of chronic infection might due to respiratory 
allergy. This event may be diagnosed by methacho-
line challenge as recommended previously [20].  
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