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Abstract

Background: Asthma is a heterogeneous disease, usually characterized by-
chronic airway inflammation. The dominant physiological event leading
to clinical symptoms in asthma is airway narrowing and a subsequent in-
terference with airflow. The present study aimed to find the correlation of
pulmonary function test (PFT) and fractional exhaled nitric oxide (FeNO)
in patients with bronchial asthma.

Materials and methods: A total of 50 patients in the age range between
18 years and 60 years of both the genders were included in this prospec-
tive study. Those patients who attended the Pulmonology OPD between
August 2016 and August 2017 at Sri Ramachandra Institute of Higher
Education and Research, Chennai, India were included for the study. A
detailed history and physical examination was done for all the participants
followed by the questionnaire survey which is administered in the lan-
guage that they understand.

Results: A total of 50 patients in the age group of 20-44 years diagnosed
with bronchial asthma were considered. Based on the value of FeV1
14(28%) patients had mild, 19(38%) patients had moderate, 15(30%)
patients had moderately severe and 2(4%) patients had severe degrees of
severity. In the study population, 14(28%) patients had low, 27(54%) pa-
tients had Intermediate and 9(18%) patients had high FeNO levels. While
considering the statistical correlation between FEV1 and FeNO value,
the Pearson’s correlation revealed the r value to be -0.87 with significant
p value. The Pearson’s chi square test revealed a statistical significance
(p=0.001) in the data distribution of FeNO in FeV1.

Conclusion: The present study supports the association between FeNO
levels with bronchial asthma severity.

Keywords: Bronchial asthma; Pulmonary function test; Fractional
exhaled nitrous oxide

Introduction

Asthma is a heterogeneous obstructive lung disorder af-
fecting people of all ages [1]. It is usually characterized
by chronic airway inflammation. Assessment of airway in-

flammation is an important aspect in the diagnosis and clin-
ical control of patients with asthma. Airway inflammation
limits the airflow causing chronic respiratory disorder. Few
patients experience sub-basement fibrosis, mucus hyperse-
cretion, injury to epithelial cells, smooth muscle hypertro-
phy, and angiogenesis [2,3].

Asthma is an inflammatory disease, yet airway inflamma-
tion is not measured directly and routinely in clinical prac-
tice. In developed countries, asthma is not considered as a
public health problem whereas; the incidence is more in de-
veloping countries. Around 100-150 million of the world-
wide population undergo asthma with increasing mortality
over 180,000 annually. India has estimated 15-20 million
asthmatics. In India, rough estimates indicate prevalence of
between 10%-15% in 5-11 years old children.

The interference in airflow due to narrowing of airway pas-
sage contributes the main physiological factor in asthmatic
patients. Asthmatic patients with limited airflow are par-
tially reversible and few could develop structural chang-
es affecting the airway. This later part corresponds in de-
veloping and intensifying the loss of lung function which
could not be reversed or prevented with the help of existing
treatments. A through history and clinical examination will
aid in diagnosing and managing the disease from future
exacerbation 1. Bronchial asthma can be identified, mon-
itor and managed through various investigations including
Pulmonary Function Tests (PFT) and Fractional Exhaled
Nitric Oxide levels (FeNO). Hence, the aim our study is to
find the correlation of pulmonary function test and FeNO in
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patients with bronchial asthma.
Materials and Methods

This prospective study is carried out in patients attending
the Pulmonology OPD at Sri Ramachandra Institute of
Higher Education and Research, Chennai, India between
August 2016 and August 2017. The participants in the age
range between 18 years and 60 years who were willing to
give written informed consent to participate both inpatient
and outpatient were included in the study. Those patients
who were on inhalation corticosteroids and long acting beta
agonist were considered for inclusion. Asthmatic patients
who were receiving treatment or had been diagnosed to be
asthmatic with outpatient clinical file and related data per-
taining to the same were included for the study. Patients
who were suffering from an asthma exacerbation and on
oral steroids were excluded from the study.

A total of 50 patients were enrolled in the above mentioned
time period. A detailed history and physical examination
was done for all the participants followed by the question-
naire survey which is administered in the language that
they understand (Supplementary File). The data collected
is tabulated using Microsoft Excel and statistical analysis
were done using SPSS software version 23.0. Frequency
and percentage analysis was used for describing the cat-
egorical data. P value was tested by using Pearson’s chi
square test.

Results

A total of 50 patients diagnosed with bronchial asthma ful-
filling the inclusion and exclusion criteria were taken into
study of which 29 (58%) were females and 21 (42%) were
males. The baseline characteristics of the study participants
were given in Table 1, where 44% were between the age
group of 20-40 years and 56% patients were between 41-
60 years. Based on the value of FeV1 14(28%) patients
had mild, 19(38%) patients had moderate, 15(30%) pa-
tients had moderately severe and 2(4%) patients had se-
vere degrees of severity. In the study population, 14(28%)
patients had low, 27(54%) patients had Intermediate and
9(18%) patients had high FeNO levels. While considering
the statistical correlation between FEV1 and FeNO value,
the Pearson’s correlation revealed the r value to be -0.87
with significant p value (Table 2). The Pearson’s chi square
test revealed a statistical significance (p=0.001) in the data
distribution of FeNO in FeV1 (Figure 1).

Figure 1: The distribution of FeNO in Pulmonary function
test (FeV1) of bronchial asthma patients (n=50) *p-val-
ue<0.05 is considered as significant using the Pearson’s

chi-square test.

Table 1: Baseline characteristic of the study participants
(n=50)

Variables Overall n (%)
Male 21(42)
Female 29(58)
Age in years (Mean = SD) 42.5+12.2
20 yrs—40 years 22(44)
40-60 years 28(56)
-square tes
FEV1/FVC (Mean + SD) 0.63 £0.05
FVC (Mean = SD) 81.2+13.0
Pulmonary function test FeV1(Spi- | -square tes
rometry)
Mild>80 14(28)
Moderate 60-79 19(38)
Moderately Severe 50-59 15(30)
Severe 35-49 2(4)
Very Severe<35 -
Exhaled nitrous oxide (FeNO) -square tes
Low<25 14(28)
Intermediate 25-50 27(54)
High>50 9(18)
Symptoms -square tes
Cough 39(78)
Chest tightness 18(36)
Wheeze 42(84)
Shortness of breath 46(92)

Table 2: The correlation between Pulmonary function test
(FeV1) and Exhaled nitrous oxide (FeNO) (n=50)

Variable Mean + SD R Value P value”
FeV1 68.6 + 13.7
-0.87 0.001
FENO 35.1+13.8

*p<0.05 is considered as significant using the Pearson’s
correlation test.

Discussion

The lack of a gold standard monitoring tool for asthma con-
trol leads to a marked degree of heterogeneity in methods
of assessment. Consequently, validation of a reliable and
noninvasive marker for the above purpose is required. In
spite, of the fact that asthma is an inflammatory airway dis-
order, till date no inflammatory marker has been included
in the monitoring algorithm of asthma. Dupont et al., in
his study reported 85% sensitivity and 90% specificity with
higher FeNO values in 160 asthmatic individuals. The per-
formance of all available conventional diagnostic and lung
function tests were compared with FeNO measurements in
a study performed by Smith et al., and reported that FeNO
method shows reliable measurements. In addition, the
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study states that in diagnosing asthma, higher specificity
and sensitivity was observed in a combination technique of
FeNO and FeV1 [4-6].

In the diagnosis of asthma, though FeNO levels were found
to be normal in few patients it is mandatory to check for
conventional clinical methods. Thus, the normal FeNO
measurements does not influence in diagnosing asthma.
This highlights further the fact that the asthma phenotype
is heterogeneous, and FeNO measurements contributes in
frame of reference for “asthma syndrome” [7,8]. The eosin-
ophilic airway inflammation in asthmatic patients attributes
to increased FeNO levels when compared with non-eosin-
ophilic asthmatic patients where there are relatively less
FeNO levels [9-11]. Sharma et al., performed a study in In-
dian patients with Obstructive Airway Disease (OAD) and
found an increased FeNO levels (5-300 ppb) in asthmatic
patients in comparison to Chronic Obstructive Pulmonary
Disorder (COPD) patients (10-47 ppb).

Another Indian study conducted by Gupta et al. revealed
significantly higher FeNO levels among allergic rhinitis
patients. In that study with considerable number of patients
with rhinitis as a comorbid condition (n=45), the baseline
FeNO levels was found to be elevated in mild, moderate
and moderately severe asthmatics group [12]. A longitudi-
nal study on asthmatic patients was conducted and revealed
that their data showed FeNO levels were not statistically
significant when compared between mild, moderate and
severe asthmatic groups. Also, in the same study the cur-
rent definition was modified for asthma severity in ADEPT
(Airways Disease Endotyping for Personalized Therapeu-
tics) [13]. The present study is in concordance with the re-
sults of FeNO values in severe asthmatic groups.

In our study, a strong correlation was observed among our
patients between FeV1 and FeNO at the baseline. However,
whether this association is maintained after ICS treatment
could not be assessed since follow up of the patients is not
within the scope of the study. On statistical correlation be-
tween FeV1 and FeNO value, it is found that FeNO value
increases with the increase in severity of FeV1 i.e. there
exists a direct proportion between the severity of FeV1 and
grading of FeNO value. The reliability of FeNO as a mark-
er of asthma control is yet unclear. Our study has shown
some degree of correlation between FeNO and other asth-
ma monitoring parameters. The utility of FeNO in discrim-
inating poorly controlled asthma from well controlled sub-
jects was reported in 274 patients by Kostikas et al. They
observed that FeNO was higher in poorly controlled sub-
jects but proved inferior to ACT scoring, implying thereby
that although FeNO may identify poor asthma control, it
cannot replace clinical judgement and may perhaps be use-
ful in a select group of asthmatics only. FeNO values can
be suggested to be an important supporting biomarker in
asthmatic patients [12-14].

Conclusion

In the present study, approximately half of the patients had
relatively mild to moderate symptoms. The treatment was

not standardized for all patients and it was physician depen-
dent. Compliance to the treatment prescribed and follow up
FeNO was not ascertained, and this might have affected the
level of asthma control. It is quite evident that FeNO mea-
surement has the advantage of ease of performance even in
patients with severe airflow obstruction. It is also obvious
that monitoring FeNO for a long period of time on a follow
up basis in a comparatively larger sample size would have
been a better approach. FeNO may be a useful adjunctive
tool for monitoring asthma and the present study supports
the association between FeNO levels with bronchial asth-
ma severity. It should also be borne in mind that serial mea-
surements of FeNO would be more informative than single
time values.
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