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Background: The effect of increasing body weight on pulmonary function and the frac-
tional exhaled nitric oxide (FeNO) remains controversial and the role of different body
compositions in the relationship between obesity with pulmonary function and FeNO is still
unrevealed. Thus, we aim to determine the effect of overweight/obesity on lung function and
FeNO, focusing on the relationship with different body compositions.

Methods: Eighty-two non-smoker students (20 + 1.9 years) were divided into two groups:
38 subjects with normal weight (BMI = 18.5-24.99) and 44 overweight/obese subjects (BMI
> 25). Spirometric parameters and FeNO were measured and compared between groups and
were correlated with different adiposity markers.

Results: FeNO measurements were elevated in the overweight/obese group [median (IQR) 19.5
(13)] in comparison to the normal weight group [11 (10), p value = 0.017]. A positive correlation
was found between FeNO measurements and body mass index (BMI), waist circumference, hip
circumference, waist-hip ratio, and visceral fat percentage (all p values < 0.01). The absolute
values of forced vital capacity (FVC) forced expiratory volume in the first second (FEV,), peak
expiratory flow (PEF), forced expiratory flow during mid-expiration (FEF,s_7s0,), and FEV|/FVC
ratio showed no significant differences between groups. However, the percentage of the predicted
values of FEV and FVC was significantly higher and the value of percentage predicted FEF,5_750,
was reduced significantly in the overweight/obese subjects.

Conclusion: Increase in BMI could significantly increase airway inflammation as measured
by FeNO, as well as on distal airway function as determined by the percentage predicted
values of FEF,s 7s0,. A significant correlation was also identified between visceral fat and
FeNO measurement.

Keywords: BMI, obesity, FeNO, pulmonary function, body compositions

Introduction
Overweight and obesity have been increased dramatically since 1980, with esti-
mated global prevalence of approximately 36.9% in men and 38.0% in women.'
Individuals with obesity are at increased risk of developing asthma and many
respiratory symptoms.” Increasing body weight could impair lung functions in
different ways, the mechanical load of body fat decreases lung compliance leading
to reduction of lung volumes, distal airway closure, expiratory flow limitation and
overall limitation of exercise capacity.’®

In addition, obesity has been considered as an inflammatory condition, adipose
tissue is a source of many inflammatory cytokines such as leptin, adiponectin, IL-6,
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TNF-a, which can play a role in obesity-related airway
inflammation either directly or through immunological
response.’ Excessive food intake of glucose and fat-rich
diets may also contribute to increased oxidative stress and
inflammation.’

Nitric oxide (NO) is a free radical and a signaling
molecule in different body cells. Nitric oxide in exhaled
air is produced by airway epithelium and is considered
a useful marker of airway inflammation in many pul-
monary diseases, it was found that nitric oxide in
exhaled breath (FeNO) showed high levels in patients
with allergic respiratory diseases (ie, asthma, allergic
rhinitis and alveolitis), cystic fibrosis, chronic obstruc-
tive pulmonary diseases (COPD), and pulmonary
In addition, FeNO was found to be
increased in interstitial lung diseases as a results of

hypertension.®

nitrosative stress.” Obesity may be associated with
increased FeNO production in different ways. Adipose
tissue has the ability to produce many pro-inflammatory
adipokines which, in turn, can cause the inflammation of
airways and remodeling structural changes.* Apart from
the inflammatory mediators, breathing at low lung
volume can cause mechanical stress by frequent dilation
and closure of small airways during breathing cycle,
potentially leading to some degree of inflammation and
hyperresponsiveness.”

The relationship between body mass index (BMI) and
FeNO levels has not been comprehensively studied at this
time, with extant studies reporting variable results. Some
previous studies have not shown any differences in FeNO

9-12
others have

associated with overweight and obesity,
of FeNO in

while a number of studies have reported

reported low levels individuals with

obesity,'*'*
increased FeNO production in adults and children with
increased body weight.'>° These discrepancies might be
attributable to the use of different adiposity markers and
the failure to control for the many confounders that can
potentially affect FeNO. In addition, there is scarcity in the
literature evaluating the effect of body compositions on
exhaled NO and pulmonary function.

We hypothesized that body weight could impair pul-
monary function and increase airway inflammation as
measured by FeNO. Therefore, we aim to evaluate the
effect of overweight and obesity on the pulmonary func-
tion and FeNO using a combination of BMI and body
composition variables (total fat %, visceral fat %, and

muscle mass %) as adiposity markers.

Subjects and Methods

The study was conducted at the respiratory care department,
College of Applied Medical Sciences, Imam Abdulrahman
Bin Faisal University. Eighty-two non-smoker students (20 =
1.9 years) were recruited by convenience sampling from
different colleges. After reviewing the medical history of
each participant, we excluded those subjects with asthma,
allergic rhinitis, chronic lung diseases, respiratory infection
within the 4 weeks immediately prior to enrolment, preg-
nancy, and those who using bronchodilators or anti-
inflammatory drugs within 7 days of enrolment. This study
followed the principle of the Declaration of Helsinki 1995
(revised in 2013).?" Ethical approval was granted for the
study by the institutional review board — Imam
Abdulrahman Bin Faisal University (IRB-2019-03-032).
All participants had been informed about the purpose of the
study and written consents were obtained before enrollment.

Study Design

This is a comparative cross-sectional study with two
groups: Normal weight group (subjects with BMI = 18.-
5-24.99, n= 38) and overweight/obese group (subjects
with BMI > 25, n= 44).2

Procedures

All participants were undergone the following tests:
anthropometric measurements, FeNO measurement, and
spirometry. FeNO measurement was done before spirome-
try to avoid any confounding effect of forced exhalation on
the level of nitric oxide in the exhaled air.

Adiposity Measurements and Body
Composition
Subjects were measured for weight and height, while bare-
foot and wearing light clothing, to the nearest 0.1 kg and
0.1 cm, using a digital Secca electronic scale and a Secca
stadiometer, respectively. BMI was calculated as (kg/m2).>
Waist circumference (WC) was measured in a standing
position after normal expiration, with the measurement
taken at the middle level between the lower rib and the
iliac crest.®> Hip circumference (HC) was measured at the
widest part of the hip bones (the maximum circumference
over the buttocks) in centimeters to the nearest 0.0-0.5 cm.
Waist-hip ratio (WHR) was calculated as WC divided by
HC. Body fat percentage, visceral fat level, and muscle
mass percentage by means of bioelectrical impedance
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analysis using an Omron body composition analyzer
BF500 (Tokyo, Japan).®*

Fractional Exhaled Nitric Oxide (FeNO)

Measurement

The measurements of FeNO was done according to guide-
lines of the American thoracic society (ATS)* using
a handheld chemiluminescence NO analyzer (Niox Vero ® -
Aecrocrine AB, Solna, Sweden). The mean value of two
exhalations at flow of 50 mL/s was used for the analysis.
Subjects were instructed not to exercise 1 hour before mea-
surement and to avoid consumption of nitrate-rich foods (eg,
Sausage, spinach, cauliflower) 3 hours before measurement.

Spirometry

Spirometry was performed following ATS guidelines for
standardization of spirometry,*® using a calibrated computer-
ized pneumatograph spirometer (Vitalograph®). The abso-
lute and percentage of predicted values of forced vital
capacity (FVC), forced expiratory volume in the 1st second
(FEV,), forced expiratory flow at 25-75% (FEF;5_750,),
FEV,/FVC ratio, and peak expiratory flow (PEF) were cal-
culated automatically based on age, sex, height and ethnicity,
the predicted values for study participants were calculated
based on Hankinson et al reference equations.>” Each subject
has done three accepted maneuvers and then the highest
values were recorded and used in the subsequent analyses.

Statistical Analysis
As most variables did not show normal distribution, the data
were presented as median with interquartile range (IQR),
variables showed normal distribution were presented as
mean with standard deviation (SD). Unpaired ¢-test and
Mann—Whitney U-test were used to compare continuous
normally and non-normally distributed data, respectively.
Chi-square test was used for comparisons of categorical
variables. The Spearman’s rank correlation coefficient (rs)
was used to investigate the relationship between adiposity
markers (BMI, HC, WC, WHR, total fat %, visceral fat %,
muscle %) and FeNO measures. We determined the sample
size of 30 subjects in each group based on many previous
studies investigating the correlation between overweight
and obesity with FeNO.%!'""'*?® The number of subjects in
these studies ranged between 34 and 117 participants.
SPSS statistical package version 20.0 for Windows was
used for the analyses and a p-value <0.05 was considered
statistically significant.

Results

This study was conducted on 82 university students who
fulfilled the eligibility criteria for recruitment. Out of these
82 subjects, 42 (51.2%) were males and 40 (48.8%) were
females. Mean age of the patients was (20.3+ 1.9 years).
A flow diagram of the participants is illustrated in
(Figure 1). The main characteristics of each study group can
be seen in (Table 1). Thirty-eight subjects had a normal BMI
(mean + SD 21.47 +1.8) and 44 subjects were overweight/
obese (BMI 32.13 + 5.2). At baseline, all anthropometric and
body composition values were found to be significantly dif-
ferent between groups except age, gender and height
(Table 1).

Fractional Exhaled Nitric Oxide (FeNO)

FeNO measurements were elevated in the overweight/
obese group [median (IQR) 19.5 (13)] compared to the
normal weight group [median (IQR) 11 (10), p = 0.017]
(Table 2).

Spirometric Measurements

The absolute values of FEV, FVC, FEV,/FVC ratio, PEF,
and FEF;s 750, showed no significant differences between
groups. However, the percentage predicted values of the
forced expiratory volume in 1 second (FEV% pred) and
the forced vital capacity (FVC% pred) showed signifi-
cantly higher values in the overweight/obese group com-
pared to the normal weight group. The percentage
predicted values of the forced expiratory flow (FEF) dur-
ing the middle portion of a forced expiration (FEF;5_750,
% pred) were significantly lower in the overweight/obese
group than the normal weight group [median (IQR) 80
(19) vs 87 (20) respectively, p = 0.037] (Table 2).

Correlation Between Exhaled Nitric
Oxide with Anthropometric and Body

Composition Measurements

FeNO measurements were positively correlated with BMI (7, =
0.30, p=0.006), waist circumference (rs = 0.38, p=0.001), hip
circumference (rs = 0.31, p=0.005), waist-hip ratio (s = 0.34,
p = 0.006), and visceral fat percentage (s = 0.30, p = 0.006).
No significant correlation was observed with total body fat
percentage and muscle percentage (Table 3).

Discussion
We studied the effects of obesity measurements on airway
function and airway inflammation. We demonstrated low
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Assessed for eligibility (n =107)

Excluded = 25

e Meeting exclusion criteria =21

e Declined to participate=4

(n =82)

Allocated into the study groups

Normal weight group
(BMI = 18.5 -24.99)
(n=238)

Overweight | obese group
(BMI = 25)
(n=44)

Anthropometric and body
composition m easurements

Completed by all subjects
(n=84)

FeNO m easurement
Completed by 79 subjects

Three subjects could not
maintain steady exhaled
flow

Spirom etric measurements
Completed by 80 subjects

Two subjects failed to
perform standardized FVC
maneuver

Figure | Study flow chart.

percentage predicted values for FEF,s 750, (FEF55_750, %
pred) in overweight/obesity group as compared to partici-
pants with normal body weight. This pointed to defect in
the small airways function which is measured by the
FEF,s 750, 2° We also demonstrated the possibility for
being overweight to influence airway inflammation, since
high levels of FeNO were observed in over-weight/obese
subjects compared to normal weight subjects.

Effect on Airflow Limitation and

Spirometric Variables

Obesity can cause increased stiffness of the lung and thoracic
wall, leading to reduced respiratory compliance.° Increase
body weight has been found to be negatively correlated with

respiratory system compliance.’'*? The mechanical theory
attributes the reduction in lung compliance to the compres-
sion of the respiratory system by excess body weight, causing
decrease in lung volumes, mainly expiratory reserve volume
(ERV) and functional residual capacity (FRC).* In general,
despite the reduction in respiratory compliance and lung
volumes, obesity does not decrease FEV, or FVC unless
patients are massively obese (BMI > 40), FEV,, FVC and
FEV/FVC ratio are typically within the normal range or
even increased.’>> This could explain the higher FEV .,
pred and FVC %pred observed in the overweight/obese
group of our study since the mean BMI was (32.13+5.20).
Obesity also causes increase airway resistance, and this
is at least partly related to breathing at low lung volumes,
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Table | Descriptive Criteria of the Study Groups

Variables* Normal Weight Group Overweight/Obese Group P value #
n =38 n =44
Age (years) 20 + | 20+ 1.9 0.943
Gender n (M/F) (19/19) (23/21) 0.837
Weight (kg) 57.5 (10.7) 85.9 (29.2) 0.000
Height (cm) 165 (11.5) 165 (15) 0.772
BMI 215+ 1.8 32.1 £52 0.000
WC (cm) 72.5 (8.8) 94.5 (27) 0.000
HC (cm) 93.5 (6.3) 114 (18.5) 0.000
WHR 0.78 (0.08) 0.84 (0.15) 0.002
Body fat % 25 (17) 44 (11) 0.000
Body Muscles % 33 (l6) 25.60 (10) 0.019
Visceral fat % 4 (1) 7.5 (7) 0.000

Notes: *Values were presented as median with interquartile range (IQR) except age and BMI were presented as mean * (SD) and gender was given as actual numbers (n).
"Comparisons were done using Mann Whitney U-Test and unpaired t-test for non- normally and normally distributed continuous data respectively, and Chi-square test for

categorical data.

Abbreviations: BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist/hip ratio.

Table 2 Comparison of Spirometric Measurements and Fractional Exhaled Nitric Oxide (FeNO) Values Between Study Groups

Variables* Normal Weight Group Overweight/Obese Group P value?
n =38 n =44
FeNO (ppb) 11 (10) 19.5 (13) 0.017
FEV, (L) 3.2 (0.8) 3.4 (0.9) 0.280
FEV,%pred 91 (13) 95(17) 0.009
FVC (L) 39 () 4 (1.1) 0.475
FVC %pred 91 (12) 99 (23) 0.012
FEV,/FVC ratio 0.85 (0.09) 0.86 (0.08) 0.832
FEV,/FVC %pred 97 (0.09) 98 (0.07) 0.841
PEF (L/sec) 5.8 (2) 6 (1.8) 0.602
PEF %pred 86 (34) 87 (34) 0.321
FEF 259.75% (L/sec) 3.7.() 3.6 (1) 0.370
FEF 259.75% %pred 87 (20) 80 (19) 0.037

Notes: *Values are presented as median with interquartile range (IQR). AComparisons were done using Mann Whitney U-Test.
Abbreviations: FeNO, fractional exhaled nitric oxide; FEVI, forced expiratory volume in | second; FVC, forced vital capacity; PEF, peak expiratory flow; FEF25%-75%,
forced expiratory flow at 25-75%; %pred, percentage predicted value.

Table 3 Correlation Between Adiposity Markers and Fractional Exhaled Nitric Oxide (FeNO) Measurements

Variables BMI wcC HC WHR Body Fat % Muscles % Visceral Fat %
FeNO rs 0.30 0.38 0.31 0.34 0.07 0.15 0.37
p value* 0.006* 0.001* 0.005* 0.002* 0.51 0.16 0.001*

Notes: *Correlation done using Spearman’s rank correlation coefficient (rs).
Abbreviations: FeNO, fractional exhaled nitric oxide; BMI, body mass index; WC, waist circumference; HC, hip circumference; WHR, waist/hip ratio.

leading to closure of the smaller airways.>* Despite the
controversy about the role of FEF,s 750, in clinical prac-
tice, many recent literatures highlighted its role as
a marker of small airways obstruction®® and as an early
predictor for asthma onset and airways hypersensitivity
even with normal FEV, and FEV,/FVC.>*® The current

study demonstrated an increased airflow limitation in
small airways reflected by the reduction of FEF,s 750, %
pred while FVC and FEV, were within normal range. This
in line with a study investigating the relationship between
obesity and spirometric variables in asthma where
a significant number of patients with normal FEV, had
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impaired mid-flow rates.>’ Further support is coming from
a recent study that found a positive correlation between
small airways resistance (measured by impulse oscillome-
try (I0S) with adipose tissue volume and percentage).'' In
addition, patients underwent bariatric surgery showed an
improvement in small airways resistance measured by IOS
with marked improvement in those with associated
asthma, highlighting a possible involvement of small air-
ways in the relationship between increase body weight and
airways inflammation.®

However, Rubenstein et al have shown that individuals
with obesity experience reduced expiratory flow at FEF;s,,
even after adjustment for lung volumes, which supports the
possibility of distal airways obstruction by causes other
than reduced lung volumes.*” Further evidence for this
can be seen in studies of demonstrating persistence of distal
airways abnormalities despite correction the lung volumes
or even with increased lung volumes. Thus, the abnormal
function of small airways observed in obesity could be
explained by the presence of reduction in lung volumes
due to functional mechanical restriction and/or a true patho-
logical airways narrowing.**!

These mechanisms should not be discussed separately,
as breathing at a low lung volume could also have patho-
logical consequences, inducing mechanical friction by fre-
quent dilation and narrowing of distal airways during
ventilation, which might lead to some degree of inflamma-
tion and hyperresponsiveness.8 In addition to inflammation
caused by mechanical stress, the inflammatory origin of
airways obstruction in individuals with obesity could also
be explained by their exposure to inflammatory mediators.
Obesity has been defined as an inflammatory disease and
adipose tissue mass is considered an endocrine organ, with
the ability to produce many pro-inflammatory adipokines,”
which in turn, could cause inflammation of airways and
remodeling structural changes. Consequently, individuals
with overweight/obesity are at higher risk of developing
bronchial asthma.** All these might augments the exis-
tence of persistent inflammation of the airways beside
the reduction of airway diameter caused by mechanical
loading.

Effect of Overweight/Obesity on Airways
Inflammation

Non-invasive measurements of nitric oxide in the exhaled
breath (FeNO) are considered a novel biomarker reflecting
inflammation in the airways.® Our study reports higher

of FeNO in
Nevertheless, there is some dispute about the effect of

levels overweight/obese  subjects.
increasing BMI on FeNO, with certain previous studies
either failing to show any differences in FeNO associated
with overweight and obesity” '* or only reporting low
levels of FeNO in individuals with obesity.'*'* However,
a number of studies support the results of our study, hav-
ing identified increased levels of FeNO production among
adults and children with increased body weight.'>°

It is important to note that FeNO is increased in the
eosinophilic inflammation that characterizes the atopic T-
helper asthma phenotype.*> Though obesity has been char-
acterized by chronic non-eosinophilic inflammation of the
airways,** a concurrent airway eosinophilia was found in
obesity-related airways inflammation. A murine model of
obesity showed airway eosinophilia that could modulate
the airway hyper-reactivity mediated predominantly by
neutrophils.* Airways inflammation with marked eosino-
philia has also been observed in ob/ob leptin-deficient
mice*® and high-fat diet obese mice.*” Furthermore,
a number of clinical studies showed increase in the eosi-
nophilic airway’s inflammation in obese asthmatic
patients.***® Desai et al had detected an increased number
of eosinophils at the airway wall of obese asthmatic
patients.** That is why subjects with atopic asthma may
have a more severe disease in the presence of obesity.>
Many inflammatory mediators produced by adipose tissue
(adipocytokines and interleukins) have been shown to shift
the immune status toward T-helper 2 phenotype, promot-
ing the risk of developing allergic airways inflammation.”'
Hence, it seems that both atopic (Th 2- dependent) and
non-atopic airways inflammation could exist in association
with obesity. In addition, recent studies suggest that FeNO
better reflects the inflammation of local airways driven by
a T-helper 2-mediated pathway, rather than generalized
eosinophilic inflammation.>> Many evidences support the
presence of some degree of low Th2 inflammation in
obesity-related asthma.”® A new classification of asthma
endotypes has emerged according to the degree of Th2
inflammation into: high Th2 and low Th2 subtypes, where
obesity-related airway inflammation is considered as low
Th2 subtype.>* This mechanistic classification (endotypes)
gives a better understanding of the pathogenesis of asthma
that was considered as Th2 independent inflammation.
Furthermore, a potential factor why obesity can cause air-
ways inflammation with elevated FeNO is the presence of
co-morbid obstructive sleep apnea (OSA). OSA is very
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frequent in obesity and could lead to increased airway
inflammation and FENO values.”

One of the strengths of the current study was the
correlation between FeNO with many adiposity markers
(BMI, WC, HC) and body compositions (total body fat
percentage, visceral fat percentage and muscles percen-
tage). In this way, we established a correlation between
FeNO measurements and BMI, waist circumference and
hip circumference, which is in line with some previous
studies.'>'®* Interestingly, our findings show a moderate
to strong correlation between FeNO and the visceral fat
percentage, but no correlation with the total fat percentage.
This might reflect a detrimental role of visceral fat in the
inflammation and narrowing of airways, thereby support-
ing the findings of a recent study on asthmatic patients
investigating the association between airway measure-
ments and the mass of visceral fat measured by computer-
ized CT scan, in which found that abdominal visceral fat
was correlated to bronchial luminal narrowing.*®

We also acknowledge certain limitations inherent to
this type of research. The cross-sectional design of the
study makes it difficult to conclude a causal relationship
between obesity and airway inflammation.

In a conclusion, the current study supports the evi-
dences that obesity can significantly affect the function
of the lung by means of obesity-induced airways inflam-
mation beside the mechanical compression. Further studies
investigating the mechanism of airways inflammation in
obesity and its relation to body composition using gold
standard invasive techniques such as broncho-alveolar
lavage and bronchial biopsy are recommended.
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