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Abstract 

Background. The fractional exhaled nitric oxide (FENO) and the blood eosinophil count (B-

eos) are markers of eosinophilic inflammation used in the diagnosis and management of 

asthma. The relationships between smoking cigarette and both FENO and B-eos are complex 

and raise questions about the association between these markers and asthma in smokers.  

Objective. To determine the relationships between both FENO and B-eos on one hand and 

asthma and atopy on the other, according to smoking status. 

Methods. FENO and B-eos were measured in respectively 1579 and 1496 of the 1607 

middle-aged adults randomly selected from the general population in the cross-sectional 

ELISABET survey. Allergic asthma was defined as asthma (a self-report of physician-

diagnosed asthma, and wheezing in the previous 12 months or the use of asthma 

medications) with atopy (allergic rhinitis or hay fever in the previous 12 months, or a 

previous positive prick test or allergen desensitization therapy). Nonallergic asthma was 

defined as asthma without atopy. 

Results. The analysis included 812 (51.4%) never-, 473 (30%) former- and 294 (18.6%) 

current smokers. A total of 490 (32%) participants were atopic, 80 (5.1%) had allergic 

asthma, and 31 (2%) had nonallergic asthma. Only 16.2% (18/111) of asthmatics were 
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treated with glucocorticoid inhalants, suggesting that among them a majority of participants 

had mild asthma. A positive interaction between smoking status and allergic asthma was 

observed in multivariate models explaining FENO (p=0.003) and B-eos (p=0.001). Thus, 

compared to those without allergic asthma, participants with allergic asthma had higher 

FENO values (+63.4%, 95%CI=[39; 92]) and higher B-eos (+63.2% [38.2; 92.7]) in never and 

former smokers, but not in current smokers. Lastly, an analysis of receiver operating 

characteristic curves showed that each of the two markers was able to discriminate 

moderately allergic asthma but only in non-smokers. 

Conclusions & Clinical Relevance. FENO and B-eos were associated with the presence of 

mild allergic asthma only in non-smokers, not in current smokers. These findings raise 

questions about the clinical value of FENO and B-eos in smokers. 

 

Keywords: fractional exhaled nitric oxide; blood eosinophil count; tobacco; smoking status; 

interaction; airway inflammation 

 

Introduction 

The fractional exhaled nitric oxide (FENO) is generally considered as a non-invasive, 

surrogate marker of eosinophilic inflammation [1]. More recently, the blood eosinophil 

count (B-eos) has also been studied as another potentially interesting marker; it is 

associated with bronchial hyperreactivity and late-phase asthmatic reactions [2], asthma 

attacks [3–5], asthma-related emergency department visits [3], excessive short-acting β2-

agonist use [4], a short-term risk of deterioration and the need for corticosteroid treatment 
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in children with mild or moderate allergic asthma [6], severe eosinophilic asthma [7] and a 

response to omalizumab treatment [8].  

It is well known that smoking decreases FENO values [9] and thus complicates their 

interpretation. The clinical value of FENO measurements in smokers is subject to debate. 

Although a few studies have evaluated the relationship between FENO and asthma in 

smokers, the results have been inconsistent [10–15]. In the general population, smoking is 

associated with an elevated B-eos [16–21]. However, this association appears to be inversed 

in patients with asthma. Indeed, asthmatic smokers have lower B-eos values than asthmatic 

non-smokers [16,22,23]. Thus, these findings raise questions about the relationship 

between B-eos and asthma in smokers. 

Analysis of markers of eosinophilic inflammation used in clinical practice in smokers is 

important because 20% to 35% of asthmatics smoke (a similar proportion to that seen in the 

general population) [24,25]. Hence, the objective of the present study was to determine the 

relationships between FENO and B-eos on one hand and asthma and atopy on the other, as 

a function of smoking status. 

 

Methods 

Participants 

The participants were men and women (aged from 40 to 64) enrolled in the 2011-2013 

Enquête Littoral Souffle Air Biologie Environnement (ELISABET) cross-sectional survey of the 

prevalence of airflow obstruction. All the participants had been resident in the city of 

Dunkirk (northern France) or one of the 16 other communes in the Dunkirk urban area for at 
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least the previous 5 years. The non-inclusion criteria were: pregnant women, persons 

deprived of liberty, unable to consent or not benefiting from social insurance. The 

participants were selected from electoral rolls by random sampling (stratified for gender 

and age). All participants were all recruited between January 2011 and November 2013. 

Each selected participant received a letter asking him/her to contact the coordinating team 

and make an appointment for data collection. In the absence of a reply, participants were 

contacted by telephone. Data was collected at home (rarely during a consultation in a 

healthcare establishment). A detailed questionnaire was administered by a trained, 

registered nurse. Lung function tests were performed, and a blood sample was also 

collected in a single visit (or few days after or before for some participants).  

The study protocol was approved by the local investigational review board (CPP Nord Ouest 

IV, reference number: 2010-A00065-34), in compliance with the French legislation on 

biomedical research. All participants provided their informed, written consent to 

participation in the study.  

Measurements 

FENO was measured with the validated NIOX MINO portable analyzer (Aerocrine AB, Solna, 

Sweden) [26–29] at a constant expiratory flow rate of 50 ml/s, in accordance with the 2005 

American Thoracic Society (ATS) and European Respiratory Society (ERS) guideline [30]. To 

avoid bias, FENO was measured in fasting participants (31,32) prior to any spirometric 

maneuvers [33,34]. The NIOX MINO device can detect FENO values from 5 to 300 ppb. 

Values <5 ppb were considered to be below the lower limit of detection (LOD), and were 

therefore imputed with a value of 3.5 ppb (LOD/√2) [35,36]. FENO was measured twice for 

each participant and the mean value was subsequently analyzed. The NO level in ambient 
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air was also measured with the NIOX MINO device. B-eos was measured with an LH780 

hematology analyzer (Beckman Coulter, Fullerton, California). Leukocyte populations were 

analyzed by multidimensional flow cytometry.  

Spirometric examinations were performed using weekly calibrated Micro 6000 devices 

(Medisoft, Belgium), accordingly to the 2005 ATS/ERS guideline [37]. No reversibility test 

(with administration of bronchodilatator) was performed prior to spirometric examinations. 

The latter were validated by a trained specialist. 

Current asthma was defined by a "yes" answer in response to the question "have you ever 

been diagnosed with asthma by a physician?", and self-reported wheezing in the previous 

12 months or asthma medications (including adrenergic, glucocorticoid or anticholinergic 

drugs). Atopy was defined as self-reported symptoms of allergic rhinitis or hay fever in the 

previous 12 months, or a previous positive skin prick test or allergen desensitization 

therapy. Allergic asthma and nonallergic asthma were then defined as asthma with and 

without atopy, respectively. Airflow obstruction was defined as a ratio between the forced 

expiratory volume in 1 second and the forced vital capacity <0.7. Smoking status was 

qualified as either current (at least one cigarette per day for a year), former or never. Lastly, 

usual intakes of fruits and vegetables were assessed using a validated food frequency 

questionnaire [38]. 

Statistical analyses 

The agreement between the two sets of FENO measurements was evaluated by calculating 

the intraclass correlation coefficient (ICC) and generating a Bland-Altman plot [39]. The 

Pearson product-moment correlation coefficients for the relationship between FENO and B-

eos were computed as a function of smoking status.  
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In order to study the relationships between FENO and asthma/atopy as a function of 

smoking status, three different analyses were performed. Similar analyses were performed 

for B-eos and asthma/atopy. Firstly, the characteristics (including asthma and atopy) of 

groups of participants below and above a FENO or B-eos threshold were compared as a 

function of smoking status (using Student’s tests for means and Fisher’s exact tests for 

percentages). For FENO, thresholds were obtained by calculating the corresponding 95% 

upper reference value (RV) as a function of smoking status. The latter was estimated from 

data on healthy participants (i.e. participants with no self-reported respiratory disease, lung 

symptoms, asthma medication use, atopy or airflow obstruction) by back-transformation of 

the mean +1.64 x the standard deviation of logarithm-transformed FENO values (ln(FENO)) 

[40–42]. The normality of ln(FENO) was evaluated in a Shapiro-Wilk test. A sensitivity 

analysis was performed with a fixed threshold of 25 ppb. For B-eos, a threshold of 300 

cells/mm3 was used. A sensitivity analysis was performed with a threshold of 500 cells/mm3. 

Secondly, two multiple linear regression models were built with ln(FENO) and ln(B-eos) as 

the dependent variables, respectively. The explanatory variables were as follows: age, 

gender, height, body mass index (BMI), smoking status (current vs. former or never), current 

allergic and nonallergic asthma, inhaled glucocorticoid use, atopy, airflow obstruction, a 

respiratory infection in the previous 4 weeks, and for the model with ln(FENO) as the 

dependent variable: usual dietary intakes of vegetables and fruits, and NO in the ambient 

air. Interaction terms between smoking status and the other explanatory variables were 

tested one at a time in both models. Lastly, models stratified for smoking status were 

performed. The regression coefficients were expressed as the percentage increase in FENO 

or B-eos value [95%CI] per unit change in the explanatory variable. For this, they were back-
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transformed and converted to percentage increase by multiplying with 100 and substracting 

100% (10,43). Regression diagnostics were performed. 

Thirdly, to assess the ability of FENO and B-eos to discriminate between participants with 

current allergic asthma (and with participants with current asthma (allergic or nonallergic) in 

a sensibility analysis) and other participants, receiver operating characteristic (ROC) curves 

were plotted and the areas under the curve (AUC) were calculated as a function of smoking 

status. Optimal thresholds that maximized sensitivity and specificity were also calculated.  

All statistical analyses were performed using R software, version 3.1.2 (R: A Language and 

Environment for Statistical Computing, R Development Core Team, R Foundation for 

Statistical Computing, Vienna, Austria); the threshold for statistical significance was set to 

p<0.05. 

 

Results 

A total of 4670 people were eligible for inclusion. Of these, 1485 did not reply and 1578 

refused to participate. A total of 1607 were included, giving a participation rate of 34.4%. 

FENO was measured and analyzed in 1579 participants. The degree of agreement between 

the two sets of FENO measurements was evaluated by calculating the ICC and by drawing up 

a Bland-Altman plot. The ICC [95%CI] was 0.97 [0.96; 0.98], and the 95% lower and upper 

limits of agreement were -7.2 and 6.2 ppb, respectively. 

B-eos was measured in 1496 participants. For the population as a whole, a significant 

correlation between FENO and B-eos was observed (0.26 [0.21; 0.31], p <10-9). Significant 
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correlations were also noted in never smokers (0.35 [0.29; 0.41], p <10-9) and former 

smokers (0.32 [0.23; 0.40], p <10-9) but not in current smokers (0.10 [-0.02; 0.21], p=0.1). 

The participants’ characteristics as a function of smoking status are summarized in Table 1. 

The median (interquartile range) value was 14.5 (11) ppb for FENO and 165 (139) cells/mm3 

for B-eos. There were 812 (51.4%) never smokers, 473 (30%) former smokers and 294 

(18.6%) current smokers. A total of 490 (32%) participants had atopy, 80 (5.1%) had current 

allergic asthma, 31 (2%) had current nonallergic asthma and 234 (15.2%) had airflow 

obstruction. Among the participants with asthma, 45.2%, 38.3% and 16.5% were never, 

former and current smokers, respectively. Current smokers had, compared with never 

smokers: lower FENO values (geometric mean [95%CI] =10.4 [9.7; 11.3] ppb vs. 16.3 [15.6; 

16.9] ppb, respectively), a higher B-eos (200 [187; 214] cells/mm3 vs. 149 [143; 155]) and 

greater proportions of wheezing in the past 12 months (28.9% vs. 10.6%), male gender 

(57.5% vs. 34.1%) and airflow obstruction (20.9% vs. 11.3%).  

 

The characteristics of participants with FENO values below and above the 95%RV are 

presented as a function of smoking status in Table 2. The 95%RVs for never, former and 

current smokers were 34, 32 and 25 ppb, respectively. For both never and former smokers, 

participants with FENO values above the 95%RV had (compared to those with FENO values 

below the 95%RV) greater proportions of current asthma, current allergic asthma, inhaled 

adrenergic bronchodilator use, atopy, allergic rhinitis or hay fever in the past 12 months, 

airflow obstruction and respiratory infection in the past 4 weeks, and a higher B-eos. In 

contrast, there were no differences for current smokers with FENO values below or above 

the 95%RV. Use of a fixed threshold of 25 ppb gave similar results (Supplementary Table 1). 
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The characteristics of participants with B-eos below and above the threshold of 300 

cells/mm3 are presented as a function of smoking status in Table 3. In both never smokers 

and former smokers, participants with B-eos above the threshold had greater proportions of 

current asthma, current allergic asthma, wheezing in the past 12 months and inhaled 

adrenergic bronchodilator use and higher FENO values than those below the threshold. No 

differences were observed for current smokers. Use of a threshold of 500 cells/mm3 gave 

similar results (data not shown). 

In multivariate analyses with models explaining ln(FENO) and ln(B-eos), positive interaction 

terms were noted between smoking status on one hand and (i) current allergic asthma 

(p <0.003 and p <0.001, respectively), (ii) atopy (p=0.01 and p=0.02, respectively), and (iii) 

BMI (p=0.04 and p=0.01, respectively) on the other (Tables 4 and 5). Thus, for these 

variables, results must to be interpreted from models stratified for smoking status. 

Compared to those without allergic asthma, participants with allergic asthma had higher 

FENO values (+63.4% [39; 92]) and higher B-eos (+63.2% [38.2; 92.7]) in never and former 

smokers, but not in current smokers. Similar results were observed for atopy: in never and 

former smokers, the increase in FENO values was statistically significant (+18% [9.9; 26.7]) 

but the increase in B-eos did not reach significance (+7.2% [-0.7; 15.7], p=0.07). No 

association was noted for current smokers (Tables 4 and 5). Similar results were observed 

for the BMI. Furthermore, FENO was associated with: current smoking, female gender, 

height, respiratory infection in the past 4 weeks, usual dietary intake of fruit and NO in 

ambient air, with no interaction with smoking status. B-eos was also associated with current 

smoking, female gender and respiratory infection in the past 4 weeks, with no interaction 

with smoking status (Tables 4 and 5). 
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In terms of FENO’s ability to discriminate between the presence and absence of current 

allergic asthma, the AUC was: 0.75 [0.64; 0.82], 0.71 [0.59; 0.81] and 0.41 [0.26; 0.60] for 

never, former and current smokers, respectively. For B-eos, it was: 0.76 [0.67; 0.84], 0.73 

[0.62; 0.80] and 0.44 [0.29; 0.60], respectively (Table 6). (The 2x2 contingency tables are 

presented in supplementary tables 2-9.) A sensibility analysis was conducted when 

considering all asthmatics (allergic and nonallergic asthma). For FENO, the AUC was: 0.69 

[0.60; 0.77], 0.58 [0.48; 0.68] and 0.47 [0.33; 0.62] for never, former and current smokers, 

respectively. For B-eos, it was: 0.71 [0.62; 0.79], 0.65 [0.55; 0.73] and 0.41 [0.29; 0.55], 

respectively. 

 

Discussion 

In the present study, we performed several analyses of the relationships between two 

widely used minimally invasive markers of eosinophilic inflammation (FENO and B-eos) on 

one hand and asthma and atopy on the other, as a function of smoking status. Our main 

finding was that allergic asthma was associated or could discriminated moderately by FENO 

and B-eos only in never and former smokers, not in current smokers. 

 

The present study had strengths and limitations. One of the strengths was the use of a large 

enough general population sample size to reveal significant interactions in multivariate 

analyses. The study’s main limitation was the absence of skin prick tests or specific 

immunoglobulin E assays for more accurate phenotyping of participants with atopy. The 

latter was defined by the presence of symptoms of allergic rhinitis or hay fever in the 
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previous 12 months, or previous positive prick test or allergen desensitization therapy. 

However, the prevalence of atopy in the present study (32%) was in the range of others 

conducted in the general population [42,44]. Moreover, for technical reasons, two 

reproducible measurements (as recommended by the ATS; delta ≤10% for FENO values ≥30 

ppb, and delta ≤2 ppb for values <30 ppb) could not be obtained in all participants [30]. We 

carried out two sets of FENO measurements per participant and retrospectively evaluated 

the agreement between them. The ICC was high (0.97, [0.96-0.98]). However, the 95% limits 

of agreement (-7.2; 6.2 ppb) slightly exceeded the manufacturer's specifications (±5 ppb) 

but remained clinically acceptable. Lastly, only 16.2% (18/111) of participants with asthma 

were treated with glucocorticoid inhalants, suggesting that among asthmatics a majority of 

participants had mild asthma. So, our findings should be applied to people with mild 

asthma, but they might be not applied to patients with more severe asthma. 

 

It is well known that smoking decreases FENO values in both asthmatic and non-asthmatic 

people [9]. This effect is reversible (over 4 to 8 weeks) [45,46] and can be explained by 

several factors: (i) the high concentration of NO in cigarette smoke partially inhibits the 

activity of NO synthase (NOS) -2 [47], (ii) the activity of NOS-2 and -3 does not increase 

during exposure to cigarette smoke, despite an increase in the expression of their genes 

[46], (iii) exposure to cigarette smoke increases the production of endogenous NOS 

inhibitors [48], and (iv) exposure to cigarette smoke may decrease local production of NO 

above the upper trachea [49]. In the present study, FENO values and thus the 95% RVs were 

lower for current smokers than for non-smokers. The observed 95% RVs for never, former 

and current smokers (34, 32 and 25 pbb, respectively) were in agreement with the literature 

values [36,40–42,50]. 
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Given that smoking reduces and complicates the interpretation of FENO values, the clinical 

use of FENO measurements in smokers is subject to debate. While it is well known that 

FENO can differentiate between asthmatics and non-asthmatics in never smokers [1], 

contradictory results have been observed in smokers. Malinovschi et al. reported that both 

allergic and nonallergic asthma are associated with increased FENO levels, but only in never-

smokers [10]. In addition, Spears et al. showed that FENO was significantly lower in smokers 

with asthma and did not change significantly in response to dexamethasone [11]. However, 

Malinovschi et al.’s study of participants with asthma-like symptoms found that FENO could 

differentiate between asthmatics and non-asthmatics equally well in both never smokers 

and current smokers [12]. Furthermore, Michils et al.’s longitudinal study found that 

sequential changes in FENO are related to asthma control in both smokers and non-smokers 

[13]. 

Our results showed that FENO was associated with allergic asthma and atopy in never and 

former smokers, but not in current smokers. Indeed, in contrast to the situation for non-

smokers, the proportion of allergic asthma was similar in current smokers with FENO values 

above and below the 95% RV of FENO (4.4% vs. 4.8%, respectively; p=1). These results were 

confirmed in multivariate analysis. We observed an interaction between smoking status and 

allergic asthma (p=0.003). Thus, the association between FENO and allergic asthma was 

noted only in non-smokers. The same results were observed for atopy. Lastly, ROC curves 

showed that allergic asthma was not discriminated by FENO in current smokers (AUC=0.41 

[0.26; 0.60]). In non-smokers, allergic asthma was discriminated moderately by FENO 

(AUC=0.75 [0.64; 0.82] in never smokers, =0.71 [0.59; 0.81] in former smokers). However, 

considering that optimal values of sensitivity and specificity were only between 0.59 and 

0.75, the use of FENO to discriminate allergic asthma in non-smokers would lead to large 
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number of false positives and false negatives. Although the results of this cross-sectional 

study do not allow conclusions on the usefulness or not of FENO in asthma management, 

they confirmed that FENO cannot discriminate allergic asthmatic in smokers. 

 

Previous studies of the general population have reported that smoking increase B-eos [16–

21]. The fact that smoking also increases IgE suggests that smoking has a profound effect on 

the immunological system [16,51,52]. However, B-eos seems to be lower in asthmatic 

smokers than in asthmatic non-smokers [16,22,23]. Sunyer et al. specifically studied the 

relationships between asthma, smoking and B-eos and concluded that smoking probably has 

different immunological role in asthmatics vs. non-asthmatics [16]. Our results are in 

agreement with Sunyer et al.’s study. 

Whereas B-eos has recently been highlighted as a marker of systemic eosinophilic 

inflammation in asthma [3–8], this study is the first, to the best of our knowledge, to 

evaluate the association between B-eos and asthma or atopy as a function of smoking 

status. In this respect, our results for B-eos are similar to those for FENO. Thus, the 

proportion of allergic asthma in smokers did not vary significantly according to whether B-

eos was above or below a fixed threshold of 300 cells/mm3 (3% vs. 5.6%, respectively; 

p=0.53) – unlike non-smokers. Furthermore, we observed in multivariate analysis an 

interaction between smoking status and allergic asthma (p=0.001), and the association 

between B-eos and allergic asthma was noted only in non-smokers. Similar results were 

observed for atopy. Lastly, ROC curves confirmed that B-eos could not discriminate allergic 

asthma in current smokers (AUC= 0.44 [0.29; 0.60]). In non-smokers, allergic asthma was 

discriminated moderately by B-eos (AUC=0.76 [0.67; 0.84] in never smokers, =0.73 [0.62; 

0.80] in former smokers). However, in the same way as for FENO, considering that optimal 
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values of sensitivity and specificity were only between 0.68 and 0.79, the use of B-eos to 

discriminate allergic asthma in non-smokers would lead to an elevated misclassification 

rate. Thus, the study results (i) confirmed that the elevation in B-eos caused by smoking in 

the general population is reversed in asthmatics, and (ii) showed that B-eos was significantly 

associated with allergic asthma only in non-smokers. 

 

FENO and B-eos are markers of local and systemic eosinophilic inflammation, respectively. 

According to the literature, biomarkers of eosinophilic inflammation (FENO, B-eos and 

others, such as the sputum eosinophil count) are well correlated with each other [53–55]. 

However, our results indicated that FENO and B-eos were significantly correlated in never 

smokers (0.35 [0.29; 0.41]) and former smokers (0.32 [0.23; 0.40]) but not in current 

smokers (0.10 [-0.02; 0.21]).  

 The absence of an association between FENO and B-eos and allergic asthma in smokers may 

be due to the changes in inflammation caused by cigarette smoking in patients with asthma. 

Indeed, asthmatic smokers have higher neutrophil counts and lower eosinophil counts in 

sputum than non-smokers [56,57]. The lower proportion of eosinophilic inflammation in 

smokers with asthma was confirmed by Broekema et al.’s study of bronchial biopsies; a 

lower bronchial eosinophil count and a higher mast cell count were observed in current 

smokers, relative to never smokers [58]. Furthermore, Broekema et al. suggested that 

smoking-related changes are reversible because the epithelium did not appear to be 

modified in former smokers [58]. This was consistent with our study, with similar results in 

never smokers and former smokers. Furthermore, smoking in asthma is associated with a 

corticosteroid-insensitive increase in multiple airway cytokines [59]. It has been also 
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observed that cigarette smoke exposure can impair the bioavailability of L-arginine (the 

substrate for NOS) in asthmatic patients [60,61]. 

Conclusion 

FENO and B-eos (both alone and when combined) were associated with the presence of 

mild allergic asthma only in never and former smokers, not in current smokers. Our results 

suggest that local and systemic eosinophilic inflammation is modified in asthmatic smokers 

and raise questions about the clinical value of FENO and B-eos in this population. 
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Tables 

Table 1. Characteristics of the study population (overall and as a function of smoking status). 

Variable 
 Overall 

population 
(n=1579) 

Smoking status   

Never smokers
(n=812) 

Former smokers 
(n=473) 

Current 
smokers 
(n=294) 

p (a) 

Age (years), mean (SD) 53.3 (7.3) 53.6 (7.3) 54.5 (7.1) 50.6 (6.9) <10-9 

Gender, n (%) males 765 (48.5) 277 (34.1) 319 (67.4) 169 (57.5) <10-9 

Height (cm), mean (SD) 169.2 (9.5) 167.3 (9.4) 171.6 (8.9) 170.6 (9.6) <10-9 

Body mass index (kg/m²), mean (SD) 27.6 (5.4) 27.2 (5.5) 28.6 (5) 26.8 (5.4) <10-3 

Healthy participants, n (%) 569 (36.9) 327 (41.6) 160 (34.5) 82 (28.2) <10-3 

Current asthma, n (%) 111 (7.3) 50 (6.4) 43 (9.4) 18 (6.3) 0.122 

Current allergic asthma, n (%)  80 (5.1) 39 (4.8)  27 (5.7)   14 (4.8) 0.754 

Current nonallergic asthma, n (%) 31 (2.0) 11 (1.4) 16 (3.4) 4 (1.4) 0.041 

Wheezing in the previous 12 months, n (%) 252 (16) 86 (10.6) 81 (17.1) 85 (28.9) <10-9 

Adrenergic inhalants, n (%) 58 (3.7) 21 (2.6) 26 (5.5) 11 (3.7) 0.030 

Glucocorticoid inhalants, n (%) 18 (1.1) 11 (1.4) 7 (1.5) 0 (0) 0.074 

Atopy, n (%) 490 (32) 259 (32.9) 147 (32.2) 84 (29.4) 0.551 

Previous positive prick test, n (%) 262 (17.3) 146 (18.8) 78 (17.2) 38 (13.2) 0.105 

Previous allergen desensitization therapy, n (%) 128 (8.1) 66 (8.1) 41 (8.7) 21 (7.1) 0.775 

Allergic rhinitis or hay fever in the previous 12 months, 
n (%) 335 (21.4) 178 (22.1) 100 (21.4) 57 (19.7) 0.705 

Airflow obstruction, n (%) 234 (15.2) 90 (11.3) 84 (18.1) 60 (20.9) <10-3 

FEV1 (% predicted), mean (SD) 1.04 (0.18) 1.06 (0.18) 1.02 (0.19) 0.99 (0.17) <10-6 

FVC (% predicted), mean (SD) 1.13 (0.20) 1.15 (0.22) 1.10 (0.18) 1.10 (0.16) <10-3 

Respiratory infection in the previous 4 weeks, n (%) 156 (9.9) 69 (8.5) 43 (9.1) 44 (15) 0.007 

Usual dietary intake of vegetables (frequency/day), 
mean (SD) 1.84 (1.07) 1.88 (1.03) 1.92 (1.04) 1.62 (1.19) <10-3 

Usual dietary intake of fruits (frequency/day), mean (SD) 1.64 (1.17) 1.76 (1.12) 1.61 (1.17) 1.36 (1.26) <10-3 

FENO (ppb), geometric mean [95%CI] 14.7 [14.3; 15.2] 16.3 [15.6; 16.9] 15.5 [14.7; 16.3] 10.4 [9.7; 11.3] <10-9 

NO in ambient air (ppb), geometric mean [95%CI] 8.2 [7.8; 8.6] 8.3 [7.7; 8.9] 8.2 [7.5; 9.0] 8.0 [7.1; 9.0] 0.891 

Blood eosinophil count (cells/mm3), geometric mean 
[95%CI] 163 [158; 168] 149 [143; 155] 168 [159; 178] 200 [187; 214] <10-9 

n: number; SD: standard deviation; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; FENO: fractional exhaled nitric 
oxide; ppb: parts per billion; NO: nitric oxide; CI: confidence interval. 
(a) In a one-way analysis of variance for quantitative variables and Fisher's exact test for qualitative variables. 
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Table 2. Characteristics of participants with FENO values below and above the 95% reference value, as a function of smoking 
status. 

Variable 

Never smokers (n=812)  Former smokers (n=473)  Current smokers (n=294) 

FENO <34 
ppb 

(n=734) 

FENO ≥34 
ppb 

(n=78) 
p (a)  

FENO <32 
ppb 

(n=427) 

FENO ≥32 
ppb 

(n=46) 
p (a)   

FENO <25 
ppb 

(n=271) 

FENO ≥25 
ppb 

(n=23) 
p (a) 

Current asthma, n (%) 32 (4.5) 18 (23.1) <10-6 34 (8.3) 9 (20) 0.026 16 (6.1) 2 (8.7) 0.647

Current allergic asthma, n (%) 22 (3) 17 (21.8) <10-6 18 (4.2) 9 (19.6) <10-3 13 (4.8) 1 (4.4) 1 

Current nonallergic asthma, n (%) 10 (1.4) 1 (1.3) 1 16 (3.8) 0 (0) 0.386 3 (1.1) 1 (4.4) 0.282

Wheezing in the previous 12 
months, n (%) 61 (8.3) 25 (32.1) <10-6  69 (16.2) 12 (26.1) 0.1  80 (29.5) 5 (21.7) 0.632

Adrenergic inhalants, n (%) 13 (1.8) 8 (10.3) <10-3 19 (4.5) 7 (15.2) 0.008 10 (3.7) 1 (4.4) 0.598

Glucocorticoid inhalants, n (%) 10 (1.4) 1 (1.3) 1 6 (1.4) 1 (2.2) 0.514 0 (0) 0 (0) 1 

Atopy, n (%) 213 (30) 46 (59) <10-6 124 (30.1) 23 (51.1) 0.006 79 (30) 5 (21.7) 0.481

Previous positive prick test, n (%) 114 (16.2) 32 (43.8) <10-6 58 (14.2) 20 (44.4) <10-3 37 (14) 1 (4.4) 0.332

Previous allergen desensitization 
therapy, n (%) 50 (6.8) 16 (20.5) <10-3  31 (7.3) 10 (21.7) 0.003  20 (7.4) 1 (4.4) 1 

Allergic rhinitis or hay fever in the 
previous 12 months, n (%) 144 (19.8) 34 (43.6) <10-6  86 (20.4) 14 (31.1) 0.124  52 (19.5) 5 (21.7) 0.786

Airflow obstruction, n (%) 76 (10.6) 14 (18.4) 0.055 69 (16.6) 15 (32.6) 0.014 56 (21.2) 4 (17.4) 0.794

FEV1 (% predicted), mean (SD) 1.07 (0.16) 1.02 (0.32) 0.031 1.03 (0.19) 0.99 (0.18) 0.142 0.99 (0.17) 1 (0.14) 0.89 

FVC (% predicted), mean (SD) 1.15 (0.17) 1.14 (0.49) 0.611 1.1 (0.18) 1.08 (0.16) 0.316 1.1 (0.17) 1.06 (0.14) 0.205

Respiratory infection in the previous 
4 weeks, n (%) 57 (7.8) 12 (15.4) 0.031  37 (8.7) 6 (13) 0.291  37 (13.7) 7 (30.4) 0.06 

Eosinophil count (cells/mm3), 
geometric mean [95%CI] 

143  
[137; 149] 

218  
[187; 255] <10-6  

162  
[153; 171] 

243  
[205; 289] <10-3  

197  
[184; 212] 

229  
[182; 288] 0.249

  
FENO: fractional exhaled nitric oxide; n: number; SD: standard deviation; FEV1: forced expiratory volume in 1 second; FVC: forced vital 
capacity; CI: confidence interval. 
(a) In Student's test for quantitative variables and Fisher's exact test for qualitative variables. 
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Table 3. Characteristics of participants with a blood eosinophil count below and above the threshold of 300 cells/mm3, as a 
function of smoking status. 

Variable 

Never smokers (n=767)  Former smokers (n=449)  Current smokers (n=280) 

B-eos <300 
cells/mm3 

(n=671) 

B-eos ≥300 
cells/mm3 

(n=96) 
p (a)  

B-eos <300 
cells/mm3 

(n=365) 

B-eos ≥300 
cells/mm3 

(n=84) 
p (a)   

B-eos <300 
cells/mm3 

(n=213) 

B-eos ≥300 
cells/mm3 

(n=67) 
p (a) 

Current asthma, n (%) 30 (4.6) 17 (18.1) <10-3 26 (7.4) 15 (18.1) 0.006 16 (7.7) 2 (3.2) 0.382

Current allergic asthma, n (%) 22 (3.3) 16 (16.7) <10-3 16 (4.4) 10 (11.9) 0.016 12 (5.6) 2 (3) 0.531

Current nonallergic asthma, n (%) 8 (1.2) 1 (1.1) 1 10 (2.8) 5 (6) 0.172 4 (1.9) 0 (0) 0.576

Wheezing in the previous 12 
months, n (%) 51 (7.6) 24 (25) <10-3  52 (14.3) 25 (29.8) 0.001  67 (31.5) 16 (23.9) 0.284

Adrenergic inhalants, n (%) 9 (1.3) 12 (12.5) <10-6 15 (4.1) 11 (13.1) 0.004 9 (4.2) 2 (3) 1 

Glucocorticoid inhalants, n (%) 8 (1.2) 2 (2.1) 0.362 5 (1.4) 2 (2.4) 0.62 0 (0) 0 (0) 1 

Atopy, n (%) 203 (31.3) 39 (41.1) 0.062 114 (32.4) 28 (33.7) 0.796 64 (30.6) 18 (28.6) 0.876

Previous positive prick test, n (%) 108 (16.8) 27 (29) 0.006 62 (17.7) 14 (17.3) 1 26 (12.4) 12 (18.5) 0.223

Previous allergen desensitization 
therapy, n (%) 48 (7.2) 13 (13.5) 0.042  33 (9) 5 (6) 0.514  17 (8) 4 (6) 0.791

Allergic rhinitis or hay fever in the 
previous 12 months, n (%) 140 (21) 26 (27.1) 0.187  75 (20.8) 22 (26.5) 0.302  44 (20.9) 11 (16.9) 0.595

Airflow obstruction, n (%) 70 (10.7) 18 (19) 0.026 62 (17.2) 20 (25) 0.114 45 (21.6) 13 (20) 0.863

FEV1 (% predicted), mean (SD) 1.07 (0.15) 0.99 (0.19) <10-6 1.03 (0.19) 1.01 (0.17) 0.253 0.98 (0.16) 1.02 (0.16) 0.105

FVC (% predicted), mean (SD) 1.16 (0.16) 1.1 (0.19) <10-3 1.11 (0.18) 1.09 (0.16) 0.342 1.1 (0.16) 1.12 (0.15) 0.321

Respiratory infection in the 
previous 4 weeks, n (%) 56 (8.4) 12 (12.5) 0.181  31 (8.5) 11 (13.1) 0.114  35 (16.5) 9 (13.4) 0.595

FENO (ppb), geometric mean 
[95%CI] 

15.5  
[14.9; 16.1] 

23.2  
[20.3 26.4] <10-9  

14.7  
[13.9; 15.6] 

20.0  
[17.3; 23.0] <10-3  

10.3  
[9.5; 11.2] 

11.2  
[9.7; 13.0] 0.319

  
n: number; SD: standard deviation; FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; CI: confidence interval; FENO: 
fractional exhaled nitric oxide; ppb: parts per billion; B-eos: blood eosinophil count. 
(a) In Student's test for quantitative variables and Fisher's exact test for qualitative variables. 
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Table 4. Factors associated with FENO, as a function of smoking status. 

Variable 

Overall population  Never or former smokers   Current smokers 

Percentage 
increase in FENO 

values 
[95% CI] (a)  

p 

p value for 
interaction 

with current 
smoking (b) 

 

Percentage 
increase in FENO 

values 
[95% CI] (a)  

p  

Percentage increase 
in FENO values 

[95% CI] (a)  
p 

Current smoking -35 [-39.7; -29.8] <10-9 -  - -   - - 

Age (per 5-year increment) 1.3 [-0.8; 3.5] 0.234 0.322 1.7 [-0.6; 4] 0.145 -2.2 [-7.4; 3.4] 0.432

Female gender -12.5 [-19.1; -5.2] 0.001 0.360 -10.4 [-17.9; -2.3] 0.013 -20.8 [-34.4; -4.3] 0.016

Height (per 10 cm increment) 7.7 [3.3; 12.3] <10-3 0.386 7.9 [3.1; 13] 0.001 6.5 [-3.1; 17.1] 0.190

Body mass index (per 1 kg/m² 
increment) 0.5 [0; 1.1] 0.059 0.036  0.8 [0.2; 1.5] 0.008  -1 [-2.3; 0.4] 0.162

Current allergic asthma 51.3 [30.3; 75.5] <10-6 0.003 63.4 [39; 92] <10-6 2.4 [-29.7; 49.1] 0.901

Current nonallergic asthma -3.1 [-22.3; 21] 0.782 0.113 -8.6 [-27.9; 16] 0.461 50.6 [-17.8; 176] 0.184

Glucocorticoid inhalants -24.3 [-44.3; 3] 0.076 - -26.3 [-45.8; 0.3] 0.052 - - 

Atopy 15.5 [8.2; 23.3] <10-3 0.011 18 [9.9; 26.7] <10-3 4 [-11.5; 22.2] 0.635

Airflow obstruction 1.7 [-6.5; 10.5] 0.701 0.392 2.4 [-6.8; 12.6] 0.620 -6.4 [-21.6; 11.7] 0.461

Respiratory infection in the previous 
4 weeks 14.9 [4.4; 26.5] 0.004 0.136  8.8 [-2.5; 21.6] 0.132  22.9 [0.5; 50.2] 0.045

Usual dietary intake of vegetable (for 
a 1 per day increment) 0.9 [-1.9; 3.7] 0.531 0.866  1 [-2.1; 4.2] 0.519  2.3 [-3.8; 8.8] 0.469

Usual dietary intake of fruit (for a 1 
per day increment) 3.6 [1; 6.2] 0.006 0.087  2.3 [-0.6; 5.2] 0.115  7.9 [1.9; 14.2] 0.009

NO in ambient air (per 10 ppb 
increment) 1 [0; 1.9] 0.044 0.282  1.2 [0.2; 2.2] 0.020   -0.5 [-3; 2.1] 0.702

FENO: fractional exhaled nitric oxide; NO: nitric oxide; ppb: parts per billion; CI: confidence interval.
(a) Performed using a multiple linear regression model. Results are expressed as the percentage increase in FENO values per unit change in the 
explanatory variable. 

(b) Interaction terms between smoking status (current smoking: yes/no) and the other explanatory variables were tested one at a time in the 
multiple linear regression model. 
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Table 5. Factors associated with the blood eosinophil count, as a function of smoking status. 

Variable 

Overall population  Never or former smokers   Current smokers 

Percentage 
increase in B-eos 
values [95% CI] (a) 

p 

p value for 
interaction 

with current 
smoking (b) 

 

Percentage 
increase in B-eos 
values [95% CI] (a) 

p  

Percentage 
increase in B-eos 
values [95% CI] (a) 

p 

Current smoking 25.3 [15.7; 35.7] <10-9 -  - -   - - 

Age (per 5-year increment) 1.1 [-1.2; 3.3] 0.355 0.244 1.5 [-0.9; 3.9] 0.234 -1.8 [-7; 3.7] 0.513

Female gender -14.1 [-21.1; -6.5] <10-3 0.979 -11.7 [-19.5; -3] 0.009 -21.4 [-35.4; -4.3] 0.017

Height (per 10 cm increment) 0.1 [-0.4; 0.6] 0.649 0.576 0.3 [-0.2; 0.8] 0.311 -0.5 [-1.5; 0.6] 0.367

Body mass index (per 1 kg/m² 
increment) 1.4 [0.8; 2] <10-3 0.010  1.8 [1.1; 2.5] <10-6  -0.2 [-1.5; 1.2] 0.811

Current allergic asthma 47.7 [27.1; 71.6] <10-6 0.001 63.2 [38.2; 92.7] <10-6 -2.9 [-31.1; 36.9] 0.868

Current nonallergic asthma -9.1 [-28.3; 15.2] 0.429 0.224 -0.6 [-23.2; 28.6] 0.962 -32.2 [-63; 24.2] 0.208

Glucocorticoid inhalants 7.9 [-22.3; 49.9] 0.648 - -2 [-29.7; 36.6] 0.903 - - 

Atopy 4.9 [-2.1; 12.4] 0.176 0.017 7.2 [-0.7; 15.7] 0.074 -5.8 [-20; 10.9] 0.468

Airflow obstruction 2.7 [-5.9; 12] 0.555 0.124 4.5 [-5.3; 15.4] 0.382 -5.8 [-21.3; 12.7] 0.511

Respiratory infection in the 
previous 4 weeks 15.3 [4.3; 27.5] 0.005 0.822  13 [0.5; 27] 0.041   22.2 [0.3; 49] 0.047

B-eos: blood eosinophil count; CI: confidence interval.
(a) Performed using a multiple linear regression model. Results are expressed as the percentage increase in blood eosinophil count values 
per unit change in the explanatory variable. 
(b) Interactions between smoking status (current smoking: yes/no) and the other explanatory variables were tested one at a time in the 
multiple linear regression model. 
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Table 6. The ability of FENO and blood eosinophil count to discriminate between participants with current allergic asthma and 
other participants. 

Population 

FENO (ppb)   Blood eosinophil count (cells/mm3) 

AUC [95% CI] 
Optimal 

threshold 
(a) 

Se Sp PPV NPV  AUC (95% CI) 
Optimal 

threshold 
(a) 

Se Sp PPV NPV

Overall 
population 0.66 [0.59; 0.73] 19 0.59 0.69 0.09 0.97   0.70 [0.63; 0.75] 220 0.64 0.70 0.11 0.97

Never 
smokers 0.75 [0.64; 0.82] 19.5 0.74 0.67 0.10 0.98  0.76 [0.67; 0.84] 230 0.68 0.79 0.14 0.98

Former 
smokers 0.71 [0.59; 0.81] 21 0.59 0.75 0.13 0.97  0.73 [0.62; 0.80] 220 0.69 0.68 0.12 0.97

Current 
smokers 0.41 [0.26; 0.60] 13 0.29 0.66 0.04 0.95   0.44 [0.29; 0.60] 225 0.43 0.57 0.05 0.95

FENO: fraction of exhaled nitric oxide; ppb: parts per billion; AUC: area under the curve; CI: confidence interval; Se: sensitivity; Sp: specificity; 
PPV: positive predictive value; NPV: negative predictive value
(a) The threshold maximizing sensitivity and specificity 
 
 
 


