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Abstract
Objective  To determine and explain the effect of age on exhaled nitric oxide values in North African healthy subjects aged 
from 5 to 83 years.
Design  Prospective cross-sectional study.
Methods  Volunteer children adults and elderly healthy subjects were included. A medical questionnaire was used to assess 
several subject characteristics. The levels of exhaled fraction of nitric oxide (FeNO) were measured by Medisoft HypAir 
FeNO method. Spirometry function test was done after the FeNO measurement. The following parameters were measured: 
forced vital capacity (FVC, L); 1st second forced expiratory volume (FEV1, L); FEV1/FVC ratio (absolute value); maximal 
mid expiratory flow (MMEF, L/s); Mid expiratory flow from 25 to 75% (MEF25%, MEF50%, and MEF75%). Statistical 
analyses were carried out using Statistica software with a significance set at the 0.05 level.
Results  A significant increase in FeNO is noted between groups with respective age ranges of (5, 17) and (17, 25) years 
with a breakpoint at 1,397,034 years. A significant decrease of FeNO is noted between groups with respective age ranges 
of (45, 55) and (55, 65) years with a breakpoint at 6,366,052 years. No statistical significant difference was found between 
females’ and males’ means FeNO data. Finally, SEL, obesity status, and hypertension contribute significantly in the varia-
tions of FeNO values.
Conclusion  The development and aging of the lung touched non-respiratory functions and so modified FeNO values in 
healthy North African subjects.
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Introduction

The measurement of fractional exhaled nitric oxide con-
centration (FeNO) has been proposed as a useful biomarker 
for monitoring and management of inflammatory airway 
diseases [1]. Asthma is one of the most common and seri-
ous respiratory diseases and is characterized by chronic 
airway inflammation [2]. During the process of airway 

inflammation, nitric oxide (NO) synthesis is increased by 
eosinophilic infiltration. So FeNO can be considered as an 
“inflammometer” of the bronchi.

General population studies have reported that FeNO lev-
els are affected by various demographic and clinical factors 
such as age [3, 4], gender [5, 6] height [3, 4, 6], atopy [3, 6, 
7], and smoking status [6, 7]. The levels of FeNO were also 
be affected by racial differences [8].

Recently, the FeNO values of a large group of healthy 
Tunisian/Arab children, adults, and elderly subjects were 
prospectively measured. These studies showed that FeNO 
values are age dependent [9–11]. These changes in FeNO 
values could be explained in part by the development and 
aging of the lung. Development of the lung can be divided 
into two phases, lung growth (structural development) and 
lung maturation (functional development). Lung growth 
can be influenced by a host of physical factors. Lung matu-
ration and the achievement of functionality is primarily a 
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biochemical process and is under the control of a number 
of different hormones [12, 13]. As the lung gets into a com-
pletely new environment at birth, transformations are neces-
sarily performed in a functioning organ; it can be expected 
that the environment may have some regulatory influence on 
the processes governing lung growth. An effect of elevated 
partial pressure of oxygen, appeared to be the reason for 
the observed reduction in alveolar surface area [14]. Lung 
development is regulated by many mediators and hormones. 
Nitric oxide (NO) is one of these mediators. It is synthesized 
from l-arginine via three NO synthase (NOS) isoenzymes: 
endothelial NOS (eNOS) and neuronal NOS are expressed 
in endothelial cells and neurons, respectively, and generate 
small amounts of NO on activation by Ca2+, whereas induc-
ible NOS (iNOS) is induced by various proinflammatory 
cytokines. NO mediates proliferation, migration, and dif-
ferentiation of endothelial cells [15, 16] and interacts with 
multiple angiogenic growth factors [17].

Both eNOS- and iNOS-knockout mice show severely 
impaired postpneumonectomy lung growth; treatment of 
wild-type mice with the NOS inhibitor NG-nitro l-arginine 
methyl ester has the same effect suggesting specific growth 
impairment caused by NO deficiency [17].

Lung development finished with adulthood giving way to 
lung aging with unspecified ages of the end of lung develop-
ment and of the beginning of aging, respectively [12]. Sev-
eral studies have shown that lung aging can touch respira-
tory and non-respiratory functions and pulmonary function 
measurements were a good tool for exploring lung aging 
[18, 19]. NO production by pulmonary tract, which is a 
non-respiratory function, could be influenced by age and so 
FeNO could constitute a good tool for studying lung aging.

Therefore, the present study aims (1) to identify clini-
cal (physical activity, socioeconomic and instruction levels, 
diabetes, and High blood pressure), anthropometric (age, 
height, weight, and obesity status), and functional (spiromet-
ric parameters) factors that influence the development and 
aging of the lung “Inflammometer” (FeNO values), (2) to 
determine the cut-off points of FeNO values corresponding 
to the end of lung development and the beginning of aging, 
respectively.

Methods

Study Design

It is a cross-sectional study spread over 12 months. It was 
conducted at the Farhat HACHED Hospital, Sousse, Tunisia. 
Study design consists of a convenience sample of healthy 
Tunisian subjects aged 05–83 years (Arab race).

Study approval was obtained from the hospital ethics 
committee and written informed consent was obtained from 
all subjects.

Subjects

Volunteer children (parent’s consent) adults and elderly 
healthy subjects were included. The following non-inclu-
sion criteria were applied: to have fever or chronic illnesses 
especially cardiovascular diseases; otorhinolaryngologic 
diseases or symptoms (allergic rhinitis, symptoms, and 
signs of acute respiratory infection during 2 weeks prior 
to assessment); clinical manifestation of allergic diseases 
(urticaria, skin allergy, atopic dermatitis, or eczema); a his-
tory of pulmonary diseases or related respiratory symptoms 
(history of asthma, current or past symptoms of wheeze or 
chronic cough, and chronic obstructive pulmonary disease); 
abnormal lung function data; regular medication (glucocor-
ticoid, bronchodilator…); current or ex-smokers (cigarettes 
or narghile use and inability to perform properly FeNO or 
spirometry measurements [11, 20]).

Medical Questionnaire

A medical questionnaire [20] was used to assess several 
subject characteristics. Age (years) was taken as the num-
ber of complete years from birth to the date of the study. 
Height (cm) and weight (kg) were measured. Body mass 
index (BMI) was calculated (= weight/height2). Two groups 
of subjects were defined non-obese (BMI < 30) and obese 
(BMI ≥ 30) [21].

FeNO Measurement

The FeNO (parts per billion, ppb) was measured by Medisoft 
HypAir FeNO method using an electrochemical analyzer 
(Medisoft, Sorinnes (Dinant), Belgium). The instrument was 
calibrated and used according to the manufacturer’s instruc-
tions and work in conjunction with a personal computer. The 
software supplied by either manufacturer provided visual 
feedback allowing the participant to maintain a constant 
exhaled breath flow rate. Measurements were made between 
8 a.m. and 12 a.m.

The online method with constant flow rate was used [22]. 
A nose clip was not used.

Subjects were asked not to eat, not to drink water or alco-
hol, and not to ingest caffeine nor participate in strenuous 
activities for 2 h prior to the test [22].

Three acceptable measurements (within 10%) were taken 
at the recommended flow rate of 50 mL/s within a 15-min 
period [22].
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Spirometry Function Test

According to the international recommendations [23], 
spirometry was carried out in the sitting position, and a 
nose clip was applied. All tests were performed by the 
same investigator using a spirometer (ZAN 100, Mess-
gerate GmbH, Oberthulba, Germany). They were done 
after the FeNO measurement [22]. The flow sensor of the 
spirometer was calibrated daily with a 3-L syringe.

The following parameters were measured: forced vital 
capacity (FVC, L); 1st second forced expiratory volume 
(FEV1, L); FEV1/FVC ratio (absolute value); maximal mid 
expiratory flow (MMEF, L/s); Mid expiratory flow from 25 
to 75% (MEF25%, MEF50%, and MEF75%).

The results were compared with local age- and sex-
matched reference values [24]. Obstructive ventilatory 
defects were retained when the FEV1/FVC ratio was lower 
than the lower limit of normal (LLN). FEV1 and FVC were 
considered as abnormal when they were lower than the 
LLN [23].

Statistical Analysis

For each subject, the mean of the three correct FeNO val-
ues was used for statistical analysis.

Preliminary descriptive analysis included frequencies 
for categorical variables (sex: male/female) and obesity 
status (non-obese/obese) and means ± standard deviation 
(SD) and 95% confidence interval (95% CI) for continu-
ous ones (anthropometric, spirometric, and exhaled nitric 
oxide data).

Since the distribution of the dependent variable (FeNO) 
was normally distributed, FeNO results were presented as 
mean ± SD (95% CI), and as minimum–maximum.

All analyses were performed without outliers, defined 
as FeNO values above arithmetic mean ± 3SD [22].

Univariate Regression Analysis: Influencing Factors

t Tests were used to evaluate the associations between 
FeNO and the categorical variables (gender, age, age 
ranges, physical activity, obesity status, instruction levels, 
socioeconomic levels, diabetes, and hypertension).

Comparison of FeNO values with student t test for 
independent samples by groups. Grouping variables are 
physical activity: PhA (sedentarity = 0, active = 1), obe-
sity status: obesity (Obese = 1, non-obese = 0), instruc-
tion levels: IL (hight = 1, Low = 0), socioeconomic levels: 
SEL (hight = 1, low = 0), diabetes (1, 0), and hypertension 
(hypertension = 1, non-hypertension = 0).

Piecewise Linear Regression with Breakpoint

Piecewise linear regressions analyses were used to determine 
the breakpoint (the point from which the FeNO increase or 
drop depending on age begins). The estimation method used 
is Quasi-Newton.

Analyses were carried out using Statistica (Statistica 
Kernel version 6, StatSoft, Maisons-Alfort, France). Sig-
nificance was set at the 0.05 level.

Results

Subject’s Data

Five hundred and ninety (275 males) subjects were included 
in the present study.

The anthropometric, spirometric, FeNO data, and obesity 
status of the 590 subjects are shown in Table 1. No statisti-
cal significant difference was found between females’ and 
males’ means FeNO data.

Clinical factors were tested to evaluate their contribu-
tion in the variations of the FeNO values. The comparisons 
of FeNO values according to physical activity (PhA: sed-
entarity = 0, active = 1), Instruction levels (IL: hight = 1, 
low = 0), and diabetes (1,0) showed that FeNO levels were 
unaffected by these settings (P > 0.05). However, socioeco-
nomic levels (SEL: hight = 1, low = 0), high blood pressure 
(hypertension = 1, non-hypertension = 0), and obesity status 
(obesity: obese = 1, non-obese = 0) contributed significantly 
in FeNO modifications (p < 0.05). Obese patients had a sig-
nificant higher value of FeNO than non-obese patients with 
a significant correlation between FeNO values and BMI 
(r = 0.12; P < 0.05).

By studying the effect of anthropometric and spiro-
metric variables on FeNO values, a significant correlation 
(P < 0.05) was found between FeNO and the following 
anthropometric and spirometric parameters: age (r = 0.14), 
FEV1/FVC ratio (r= − 0.22), MEF50 (l/s) (r = − 0.10), and 
MEF50% (r = − 0.01), MEF25 (l/s) (r = − 0.09), MMEF (l/s) 
(r = − 0.10), and MMEF% (r = − 0.16).

Table 2 shows distribution by age ranges of anthropomet-
ric, spirometric, and FeNO parameters. A significant increase 
in FeNO values was noted between groups with respective 
age ranges of (5, 17) and (17, 25) years with a breakpoint at 
13.97 years (R = 0.77, Variance explained = 60.80%).

In addition, a significant decrease of FeNO values was 
noted between groups with respective age ranges of (45, 55) 
and (55, 65) years with a breakpoint at 63.66 years (R = 0.84, 
Variance explained = 70.84%).

The distribution of the sample subjects’ FeNO data 
according to age is presented in Fig. 1. A significant FeNO 
difference was found between subjects’ range ages.
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Table 1   Distribution by gender 
of anthropometric, spirometric, 
and FeNO parameters

BMI body mass index, FVC forced vital capacity, FEV1 1st second forced expiratory volume, FEV1/FVC 
ratio (absolute value in %), MMEF maximal mid expiratory flow, MEFx% maximal expiratory flow at x% 
of FVC (x = 25 or 50 or 75%), FeNO fraction of exhaled nitric oxide
*P value < 0.05: comparisons between males and females using t test

Parameters Total sample N = 590 Female N = 315 Male N = 275 P value

Mean SD Mean SD Mean SD

Age (years) 36.68 20.46 37.18 20.12 36.10 20.86 0.52
Height (cm) 158.42 16.16 154.54 12.45 162.87* 18.62 < 0.01
Weight (kg) 64.67 21.154 63.028 19.14 66.56* 23.13 0.04
BMI (kg/m2) 25.12 6.18 25.96 6.62 24.16* 5.49 < 0.01
FVC (l) 3.12 1.03 2.75 0.74 3.55* 1.14 < 0.01
FVC (%) 96.38 13.47 98.25 14.20 94.24* 12.25 < 0.01
FEV1 (l) 2.60 0.81 2.33 0.63 2.91* 0.89 < 0.01
FEV1 (%) 95.43 13.24 96.66 13.65 94.03* 12.64 0.01
FEV1/FVC (%) 25.21 40.50 22.88 39.63 27.88 41.38 0.13
MEF50% (l/s) 3.41 1.15 3.21 1.03 3.64* 1.24 < 0.01
MEF50% (%) 83.60 21.24 82.75 21.33 84.68* 21.13 0.34
MEF25% (l/s) 1.36 0.72 1.31 0.70 1.42 0.74 0.06
MEF25% (%) 73.62 34.28 72.81 31.99 74.63 37.03 0.58
MMEF (l/s) 2.84 1.01 2.67 0.96 3.03* 1.03 < 0.01
MMEF (%) 90.43 24.37 93.30 25.50 87.12* 22.60 < 0.01
FeNO (ppb) 11.37 6.21 11.50 6.06 11.22 6.39 0.58

Table 2   Distribution by age ranges of anthropometric, spirometric, and FeNO parameters

BMI body mass index, FVC forced vital capacity, FEV1 1st second forced expiratory volume, FEV1/FVC ratio (absolute value in %), MMEF 
maximal mid expiratory flow, MEFx% maximal expiratory flow at x% of FVC (x = 25 or 50 or 75%), FeNO fraction of exhaled nitric oxide
*P value < 0.05: comparison of FeNO values between (5–17) and (17–25) ranges using t test
**P value < 0.05: comparison of FeNO values between (45–55) and (55–65) ranges using t test

Age ranges (years) (5–17) N = 158 (17–25) N = 45 (25–35) N = 64 (35–45) N = 86 (45–55) 
N = 110

(55–65) N = 76 > 65 N = 51

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Age (years) 10.66 3.384 21.696 2.31 29.54 3.01 40.01 2.72 50.59 3.02 58.41 2.59 71.48 5.62
Height (cm) 142.41 19.29 168.80 9.36 165.45 8.30 164.68 8.78 164.43 9.51 163.10 9.99 159.54 10.78
Weight (kg) 39.67 15.09 65.35 15.68 67.68 14.92 76.93 15.45 80.24 12.08 73.34 12.81 70.56 12.64
BMI (kg/m2) 18.87 3.59 22.79 4.37 24.69 4.86 28.35 5.40 29.77 4.56 27.66 4.76 27.82 4.80
FVC (l) 2.31 0.92 3.95 0.80 3.77 0.80 3.61 0.76 3.45 0.86 3.14 0.83 2.56 0.75
FVC (%) 93.93 12.41 91.39 9.59 94.26 10.33 97.78 10.13 99.06 14.00 99.23 16.50 98.68 18.53
FEV1 (l) 2.09 0.78 3.41 0.69 3.24 0.67 2.90 0.54 2.74 0.67 2.47 0.61 2.01 0.60
FEV1 (%) 97.38 12.13 91.24 10.01 94.61 10.97 93.28 10.16 94.90 13.34 95.93 15.37 98.20 20.02
FEV1/ FVC (%) 91.93 6.10 0.86 0.05 0.86 0.06 0.80 0.04 0.79 0.04 0.79 0.06 0.78 0.06
MEF50% (l/s) 2.94 1.05 4.46 1.06 4.34 1.10 3.61 0.82 3.48 1.12 3.16 0.87 2.638 0.99
MEF50% (%) 84.22 17.22 88.79 16.29 91.94 20.41 81.80 17.39 82.49 22.13 81.76 22.84 76.02 25.24
MEF25% (l/s) 1.52 0.62 2.21 0.80 1.98 0.72 1.34 0.68 1.048 0.430 0.89 0.37 0.78 0.42
MEF25% (%) 92.22 19.96 89.64 28.84 90.46 31.53 70.65 36.96 62.82 23.56 62.75 27.12 78.92 50.04
MMEF (l/s) 2.66 0.96 3.97 0.98 3.79 0.95 2.98 0.68 2.69 0.84 2.39 0.69 1.91 0.71
MMEF (%) 103.38 22.91 89.24 17.40 92.88 20.33 82.40 19.77 82.00 21.64 85.71 26.07 86.91 31.85
FeNO (ppb) 5.18 2.99 12.97* 4.72 12.57 4.14 13.93 5.32 14.66 5.46 12.77** 5.34 14.27 7.56



77Lung (2019) 197:73–80	

1 3

The age from which there was a significant increase 
of FeNO value according to the age was at 13.97 years, 
13.90 years, and 13.44 years for, respectively, the total sam-
ple, females, and males. So, the increase in the FeNO value 
was almost similar for both genders.

Twelve (aged over 50 years) patients had high FeNO 
values over 25 ppb, and 2 of them had FeNO values over 
34 ppb. The majority of these patients (11 patients) had an 
overweight and a low socioeconomic level.

For the total sample, the age from which there was a drop 
of FeNO value is 63.66 years. The drop of FeNO values 
according to the age and gender were more precocious but 
not significant in elderly males than females with, respec-
tively, breakpoints at 63.23 and 64.04 years.

Discussion

The FeNO value of a large group of North African healthy 
subjects aged 05–83 years (Arab race) from the region of 
Sousse was prospectively measured. A significant increase 
in FeNO is noted between groups with respective age ranges 
of (5, 17) and (17, 25) years with a breakpoint at 13.97 years. 
A significant decrease of FeNO is noted between groups 
with respective age ranges of (45, 55) and (55, 65) years 
with a breakpoint at 63.66 years. No statistical significant 
difference was found between females’ and males’ means 
FeNO data. Finally, SEL, obesity status, and hypertension 
contribute significantly in the variations of FeNO values.

Subject’s Data

Sample

As for almost all the studies aiming to study the effect of 
age on functional or biological variables [3–11, 25–28], the 
present study has a convenience sample.

The recruitment modes are similar to previous studies 
having comparable aims to the present one [3–11, 18, 19, 
28].

The subject age range selected (05–83 years old) was a 
combination of the data of three studies recently published 
about FeNO norms of Tunisian children [9], adults [10], and 
elderly [11].

An initial sample of 914 volunteer healthy subjects was 
examined. Non-inclusion criteria were found in 324 subjects. 
Thus, Five hundred and ninety (275 males) subjects were 
included to the present study.

Our sample size (n = 590 subjects) appears to be repre-
sentative and enabled us to obtain reliable results. When it is 
compared with those of others studies which they specified 
a number of subjects similar of our range of age and have a 
comparative aims n = 240 [29]; n = 193 [7]; n = 433 [30], the 
present study sample seemed to be satisfactory.

Twelve (aged more than 50 years) patients had high FeNO 
values (over 25 ppb) which could be explained in part by the 
overweight and low socioeconomic level. Sfaxi et al. [11] 
showed that FeNO value between 25 and 34 can be consid-
ered as normal elderly patients.

Fig. 1   FeNO values of the total 
sample according to age FeNO (ppb) = 0,1388+0,6238*x-0,007*x^2
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Influencing Factors of FeNO Values Variations

Clinical Factors

The comparisons of FeNO values according to physical 
activity, instruction levels, and diabetes showed that FeNO 
levels were unaffected by these settings (P > 0.05). How-
ever, socioeconomic levels (SEL), and High blood pressure 
contributed significantly in FeNO modifications (P < 0.05).

Edith et al. showed that children with asthma presented 
an inverse association SEL with change in FeNO levels in 
response to the conflict task, meaning that as SEL declined, 
greater increases in FeNO were observed. This study sug-
gested that lower SEL children with asthma may be more 
vulnerable to heightened airway inflammation in response 
to stress [31]. As demonstrated by Leng et al., low SEL is 
associated with higher blood pressure and so to higher FeNO 
levels [32].

Height, Weight, and Body Mass Index

There are a significant difference in anthropometric data 
(weight, height, and BMI) between males and females of the 
total sample. This result can be explained by the difference 
of hormonal status between genders. 128 patients are obese 
(93 females). A significant and positive correlation is found 
between FeNO and BMI values (r = 0.125). Indeed, obese 
patients had a significant higher values of FeNO than non-
obese with respective FeNO mean values 13,740 ppb and 
10.726 ppb (P < 0.05). A significant correlation (P < 0.05) 
was found between FeNO values and BMI (r = 0.12). Cip-
randi et al. [33] showed that increased BMI did not affect 
FeNO values and asthma control level. In other studies [34, 
35] in healthy subjects, without asthma, obesity/adiposity 
had a significant systemic inflammation derived from adi-
pose tissue which did not affect eosinophilic airway inflam-
mation (FeNO < 25 ppb).

Gender

No statistical significant difference was found between 
females’ and males’ means FeNO data of the total sam-
ple, with respectively, FeNO values 11.50 ± 6.06 ppb ver-
sus 11.22 ± 6.39 ppb (P > 0.05). In a large sample by many 
authors, no gender difference was found [3, 9, 30]. In other 
studies [7] a significant difference between genders was 
found. Matsunaga et al. [29] showed that the mean FeNO 
level for males was significantly higher than that for females, 
which is consistent with previous reports [36] but not with 
the present study.

Högman et al. [30] found that it was only in the middle 
age group where a gender difference could be found in FeNO 
values. Olin et al. found FeNO to be higher in men than in 

women around 50 years of age but when comparing FeNO 
between the sexes with similar heights and ages, no differ-
ence was found [3].

Age

The development and aging of the lung touched both respira-
tory and non-respiratory functions [19]. The lung matures 
by the age of 20 and age-related changes start around middle 
age, at 40–50 years. In the present study, FeNO has been 
shown to be age dependent. In the < 20 years age groups, 
FeNO was lower than in the other age groups (> 20 years).

Lung Development

The FeNO increase breakpoint appeared around 13.970 years 
for the total sample with no significant difference between 
genders. Development of the lung can be divided into two 
phases, lung growth (structural development) and lung matu-
ration (functional development). Lung growth can be influ-
enced by a host of physical factors. Lung maturation and 
the achievement of functionality is primarily a biochemical 
process and is under the control of a number of different 
hormones. Lung development finishes with adulthood [12].

In the under 20 year’s age groups, FeNO was lower 
than in the other age groups. This could possibly reflect an 
increasing mucosal surface area with increasing height and 
growing lung volumes [9, 30]. This was also present in the 
study by Jacinto et al. where the FeNO increase breakpoint 
appeared around 14 years in girls and 16 years in boys [37]. 
This is in line with the growth of the body, and more specifi-
cally the development of the bronchial tree.

Aging

For the total sample, the age from which there is a drop 
of FeNO value is 63.66 years with no difference between 
genders. Indeed, lung aging is a determining factor in the 
alteration of respiratory functions [18, 19] but also of the 
non-respiratory functions such as inflammatory and immu-
nology factors: NO production by the respiratory tract, 
oxidant–antioxidant balance [19]. It is well known that res-
piratory oxidative stress and inflammatory responses can be 
provoked by intrinsic (genetic) and extrinsic factors (smok-
ing, air pollution…) [38, 39]. Sfaxi et al. showed that FeNO 
value is considered abnormal in elderly Tunisian population 
when it is of more than 34 ppb [11]. It is not clear why in 
elderly patients we did not observe any difference of FeNO 
levels by gender, but it is possible that, like other parameters, 
FeNO values also change after women’s menopause becom-
ing similar to men’s levels [40].

In conclusion, we have demonstrate that the devel-
opment and aging of the lung touched the bronchial 
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“inflammometer” and so modified FeNO values in healthy 
North African subjects (05–83 years). The FeNO increase 
breakpoint appeared around 13.970 years for the total sam-
ple with no significant difference between genders. It is in 
relation with the development of the bronchial tree. FeNO 
levels in healthy subjects over 65 years of age are influenced 
by intrinsic and extrinsic aging of the lungs.

Impact of this Research on Clinical Medicine 
and Basic Science

Recently, in North African population, the FeNO values of a 
large group of healthy children, adults, and elderly subjects 
were prospectively separately measured. It was shown that 
the available published children, adults, and elderly norms 
did not reliably predict FeNO values in these populations 
and that the three age ranges had different FeNO values. To 
determine and to explain the effect of age (development and 
aging) on FeNO values, we established this study. Physician 
had to adapt his care according to the values of FENO, tak-
ing into account lung development and aging.
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