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Introduction: This study aimed to assess the relationship between obesity and airway inflammation evaluated by FeNO 
levels in healthy obese subjects.

Patients and methods: It was a cross-sectional study including 434 apparently healthy subjects (194 males) divided into 
two groups: i) obese (BMI ≥ 30 Kg/m²) and ii) non-obese (BMI < 30 Kg/m²). Exclusion criteria were: current smokers, 
asthma, medicine intake interfering with FeNO levels, and abnormal lung function tests. The FeNO measurements 
were performed before spirometry. Student t test was performed to compare between the two groups. The Spearman 
correlation between BMI and FeNO levels was evaluated. The Piecewise linear regression with breakpoint was assessed 
to define the breakpoint of inflammation related to obesity.

Results: Lower pulmonary volumes in obese patients compared to non-obese ones in favor of a restrictive defect are 
noted. Obese subjects had significantly higher levels of FeNO when compared to non obese patients. The breakpoint of 
inflammation (FeNO value) related to obesity is fixed at 13.65ppb.

Conclusions: Added to the systemic inflammatory response, obesity may associate airway inflammation assessed by 
increased FeNO levels >13.65ppb.
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The measured parameters are the following: forced expiratory volume at the first second (FEV1, %), forced vital capacity (%), FEV1/
VC ratio (%), median maximum expiratory flow (MEF25-75, %), totals lung capacity (TLC, %) and Thoracic gas volume (TGV, %). 
These parameters are considered diminished when they are below the lower limit of normal (LLN). The LLN is determined from 
the specific reference values of the Tunisian population.

Exhaled fraction of nitric oxide (FeNO) is measured by the MedisoftHypAir method using an electrochemical analyzer (Medisoft, 
Sorinnes, Belgium). It is based on the electrochemical NO analyzer method [5]. The instrument has been calibrated and used 
according to the manufacturer's instructions. The measurement of FeNO is made following the international recommendations. 
Three acceptable measurements are taken at a flow rate of 50 ml/s at 15 minutes as recommended by the ATS / ERS. The average of 
the three values is used. FeNOis expressed in parts per billion (ppb), which is the equivalent of nanoliter per liter [5].

The statistical analysis is performed using the Statistica software (StatisticaKamel version 6.0, Stat Soft, France). In a first step and 
after checking the normal distribution of the studied parameters, we determine the means and the standard deviations of all the 
quantitative variables (anthropometric and ventilatory) for both G1 and G2 groups of the study. 

Student t test was performed to compare between the two groups. The Spearman correlation between BMI and FeNO levels was 
evaluated. The Piecewise linear regression with breakpoint was assessed to define the breakpoint of inflammation related to obesity. 
The degree of significance is set at p lower than 0.05.

Measurement of exhaled nitric oxide 

Statistical analysis 

Results
Anthropometric and respiratory functional characteristics of the two groups are presented in Table 1. The sex ratio M/F of the sample is 0.80 
with no significant difference of pulmonary function parameters between males and females. The comparison of BMI of the two groups 
showed a statistically significant difference. In addition lower pulmonary volumes (FVC, TLC and TGV) in obese patients compared to 
non-obese in favor of a restrictive defect are noted. Obese subjects had significantly higher levels of FeNO when compared to non-obese 
patients (Figure 1). A linear and significant correlation between Body mass index (BMI) values and FeNO was found (Figure 2). 

It is performed for all patients and subjects in the study using "ZAN 500" equipment (Messgeraete GmbH2000, Germany). 
Ventilatory variables are interpreted according to international recommendations [4]. The total body plethysmography allows the 
realization of a flow-volume curve and the measurement of ventilatory flows and pulmonary volumes.

Total body plethysmography

Introduction

Patients and methods 

Obesity, vascular dysfunction and obstructive sleep apnea-hypopnea syndrome (OSAS) are commonly associated disorders. Obesity is 
associated with a chronic inflammatory response that exceeds the adipose tissue and reaches the general circulation via adipocytokines. 
The role of adipo(cyto)kines in systemic inflammation and vascular dysfunction has been proved by many studies [1]. The main 
source of pro-inflammatory cytokines in obesity is the adipose tissue. The main cytokines responsible of chronic inflammation are 
tumor necrosis factor-α (TNFα), interleukin-6 (IL-6), and the inflammasome-activated IL-1β [2]. Fractional exhaled nitric oxide 
(FeNO) is a non-invasive airway inflammation assessment test which reflects airway inflammation at high levels [3]. This study aimed 
to assess the relationship between obesity and airway inflammation evaluated by FeNO levels in healthy obese subjects. 

It was a cross-sectional study including 434 apparently healthy subjects (194 males) divided into two groups: i) obese (BMI ≥ 30 
Kg/m²) and ii) non-obese (BMI < 30 Kg/m²). Exclusion criteria were: current smokers, asthma, medicine intake interfering with 
FeNO levels, and abnormal lung function tests. The FeNO measurements were performed before spirometry. 

Study design 
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Figure 2: Correlation between Body mass index (BMI) and exhaled nitric oxide levels (FeNO)

*: p<0.05 by Student test
Figure 1: Comparison of FeNO levels (ppb) between obese and non-obese patients

Non Obese 
(n=128)

Obese 
(n=306)

Age (years) 43,53±9,60 46,61±9,92
BMI (Kg/m2) 20,34±2,81 32,33±1.91*

FEV1% 95.92±12.20 93.82±15.23
MEF25-75% 94,94±23,97 82,63±25.20*

FVC% 98,83±14.05 94,59±11.96*
TGV% 109,29±22.79 91.24±19.08*
TLC% 95.02±11.31 90.80±10.88*

*p<0.05 by Student test
BMI: Body mass index; FEV1%: Forced expiratory volume at the first second, as a percentage of the theoretical
Value; MEF25-75%: Median maximum expiratory flow, as a percentage of the theoretical value; FVC: Forced
vital capacity, as a percentage of the theoretical value; TGV%: Thoracic gas volume, as a percentage of the
theoretical value; TLC%: Total lung capacity, as a percentage of the theoretical value
Table 1: Anthropometric and pulmonary function characteristics of the two groups of the study
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Conclusion
Added to the systemic inflammatory response, obesity may associate airway inflammation assessed by increased FeNO levels > 
13.65ppb.

As shown in other studies, FeNO an easy and non-invasive marker of airway inflammation was positively correlated to BMI [2]. 
Obese subjects had significantly higher levels of FeNO than underweight individuals [11]. This parameter can be used in the 
monitoring of obese patients on diet.

The overall impact of obesity on lung function is multi-factorial, related to mechanical aspects of obesity in addition to inflammation. 
In the present study obese patients had lower pulmonary volumes (TLC and FVC) than non-obese ones. It is the tendency to 
restrictive ventilatory deficit. The mechanical properties of the lungs and chest wall are altered significantly in obesity, largely due 
to fat deposits in the mediastinum and the abdominal cavities. These alterations reduce the compliance of the lungs [12], chest wall 
and entire respiratory system, and likely contribute to the respiratory symptoms of obesity such as wheeze, dyspnea, and orthopnea 
[12,13]. These mechanical changes explain the reduced values of distal flows (MEF25-75%) noted in obese patients.

The size of the sample and its distribution by sex do not represent a limitation of this work when compared to similar studies 
[14,15]. Therefore, this study presents some limitations: first, biological and systemic inflammatory markers are not measured. 
Second, physical activity and quality of life scores that may influence the degree of obesity, oxidative stress and therefore systemic 
inflammation have not been calculated.

Discussion

The breakpoint of inflammation (FeNO value) related to obesity is fixed at 13.65ppb.This value is the upper limit of normality of 
FeNO in obese patients.

The main result of this study is the significant airway inflammation related to obesity. Indeed, obesity is associated with a chronic 
inflammatory response that exceeds the adipose tissue and reaches the general circulation [6]. Adipose tissue produces and releases 
a variety of adipokines (cytokines) (leptin, adiponectin, resistin, and visfatin), as well as pro-inflammatory cytokines (tumor 
necrosis factor-α (TNFα), interferon-γ (IFNγ), interleukin [IL]-1, IL-6, and others) [2,7]. This inflammation of adipose tissue 
in obese patients plays a critical role in the pathogenesis of obesity-related complications (metabolic syndrome, Type 2 Diabetes 
Mellitus, hypertension, cardiovascular diseases…) [8]. Oxidative stress (OS) and pro-inflammatory processes are strongly related. 
Several mechanisms are involved in generating oxydative stress (OS) in obesity. In physiological and, even more, in pathological 
conditions, adipokines induce the production of reactive oxygen species (ROS), generating OS and, in turn, a major, irregular 
production of other adipokines [9,10].
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