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Background: Fractional exhaled nitric oxide (FeNO) is a convenient to use biomarker of
airway inflammation. However, the mutual relationship between FeNO, peripheral blood eosi-
nophil, total immunoglobulin E (IgE) and inflammatory cytokines showed some controversy.
Objective: This study was carried out to determine the accuracy of peripheral blood
eosinophil and total IgE to detect eosinophilic airway inflammation as determined by two
FeNO cutoff points. The correlation between FeNO, peripheral blood eosinophil, total IgE
and certain inflammatory cytokines was also examined.

Methods: Seventy-six patients with partly controlled asthma performed the following tests on
the same day: FeNO, pulmonary function tests (PFTs), peripheral blood eosinophils, total IgE,
and inflammatory cytokine assay. The correlation between these markers was investigated and
the diagnostic accuracy of peripheral blood eosinophils and total IgE to identify eosinophilic
asthma phenotype was calculated using receiver operating characteristics area under the curve
(ROC AUCQ).

Results: FeNO was positively correlated with percentage of blood eosinophils (»=0.276,
p=0.017) and total blood IgE (r=0.3647; p=0.0013). No relationship between FeNO and
serum inflammatory cytokines was detected. AUC of blood eosinophils and total IgE were
57% and 64% at FeNO >25 ppb and were 67% and 64% at FeNO >50, respectively. The
higher predictive ability was detected at FeNO >50 ppb where the best cutoff point for blood
eosinophil % was >4.0% (sensitivity 66.7%, specificity 60.0%) and the best cutoff point for
total IgE was >350 (sensitivity 66.7%, specificity 63.6%).

Conclusion: In patients with partly controlled asthma, peripheral blood eosinophil and total
IgE showed equal useful accuracy in predicting eosinophilic airways. However, higher
predictive values were reported at FeNO level >50 ppb. FeNO was positively correlated
with peripheral blood eosinophil, total IgE but not with any of the studied cytokines.
Keywords: partly controlled asthma, FeNO, eosinophils, IgE, cytokines

Introduction

Asthma is a heterogeneous pathological condition that in its most typical form
presents as expiratory airflow limitation associated with chronic inflammation of
the airway.' Traditionally the diagnosis and monitoring of asthma has depended
mainly on pulmonary function tests (PFTs), bronchodilator reversibility assessment
and bronchial challenge tests to support the history and physical examination.> As
asthma consists of various phenotypes, therefore the diagnosis of asthma becomes

challenging due to two main reasons. Firstly the clinical presentation might not be
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very specific for the disease in most cases, and secondly, it
might be very challenging to demonstrate airflow limita-
tion using the available lung function tests (ie, spirometry,
bronchodilation test, bronchial challenges, peak expiratory
flow (PEF) measurements) especially in children.® As
none of these tests could directly measure the airway
inflammation, therefore in the last two decades fractional
exhaled nitric oxide (FeNO) has slowly made its way up in
the battery of tests for asthma as a noninvasive, convenient
and reasonably sensitive biomarker for atopy and eosino-
philic lower airway inflammation.**

A little amount of nitric oxide (NO) is found in the
exhaled air of normal people. For the first time it was
reported in 1991 that it was possible to measure endogen-
ous pulmonary nitric oxide production in the exhaled air in
man.” Later on it was discovered that during inflammation
the respiratory epithelium produces more NO by upregula-
tion of enzyme nitric oxide synthase (NOS)'. Since then
a lot of researchers have worked on the relationship of
FeNO with different aspects of presentation, diagnosis,
and management of asthma.

The amount of FeNO is known to increase in direct
proportion to bronchial wall inflammation, induced-sputum
eosinophilia, and airway hyperresponsiveness.' In addition,
an increase in FeNO is confirmed to be associated with
a deteriorating asthma control and a fall in FeNO occurs
with anti-inflammatory treatment.® In line with the guidelines
of the American Thoracic Society (ATS), FeNO was pre-
viously thought to be just a specific marker for eosinophilic
airway inflammation. However, recent studies have led to
reclassification of FeNO as a broader marker of T helper cell
type 2—mediated allergic inflammation.?’ The inflammation
in asthma is stimulated by T helper type 2 (Th-2) cells that
secrete cytokines interleukin IL-4, IL-5, and IL-13 leading to
type 2 immunity characterized by high IgE antibody levels
and eosinophilia.®

The major goal in the management of asthma is improve-
ment in the symptoms and decrease in frequency of exacer-
bations at minimum possible dose of inhaled corticosteroids
(ICS). 1t is recognized that FeNO along with the Global
Initiative for Asthma guidelines (GINA) has a beneficial
impact on correct determination of ICS in asthma patients.”

Several studies have tried to establish relationships
between new and old diagnostic and prognostic markers
of asthma. Despite the entire advance, the diagnostic value
of FeNO in patients with asthma remains controversial.'’
Until very recently studies have shown skepticism over the
actual role of FeNO in the diagnosis and management of

asthma.'' In addition, early studies have found a correlation
between circulating Th2 cytokines with airway inflamma-
tion biomarkers (FeNO and sputum eosinophil counts),'*
however, recent evidence has refined the idea of adaptive
immune response predominated by Th2 cytokines in
asthma, the role of innate immune cells and newly discov-
ered cytokines have been described in the new model of
type 2-low asthma with distinct clinical features and inflam-
matory markers.'?

The current study was designed to determine the accu-
racy of peripheral blood eosinophils and total IgE as indica-
tors of eosinophilic airway inflammatory phenotypes in
patients with partly controlled asthma using FeNO as the
gold standard. Two different cutoff values (25 and 50 ppb)
recommended by different asthma task forces'* were used.
In addition, as secondary outcome, the correlation between
FeNO, peripheral blood eosinophils percentages, total IgE
and selected inflammatory cytokines was also investigated.

Patients and Methods

We made a retrospective analysis on the baseline data of
76 patients with partly controlled asthma who participated
in our previous study.'”> According to the GINA, partly
controlled asthma patients were identified when one or two
of the following are present during the last four weeks:
daytime asthma symptoms or reliever usage more than
twice per week, or the presence of any waking episode
during the night or activity limitation because of asthma.’

We included patients with partly controlled asthma aged
18-65 years. The exclusion criteria were: smokers, patients
with chronic diseases (eg COPD, pulmonary infections, dia-
betes mellitus, renal disease, rhinosinusitis), asthma exacer-
bation during the previous one month, usage of leukotriene
modifiers, anti-cholinergic drugs, oral steroids, non-steroidal
anti-inflammatory drugs (NSAIDs), and antihistamines
within one month prior to the study period or use rescue
inhaled steroid within 72 hours from day of measurements.
Pregnancy and lactation were also excluded.

An ethical approval was obtained from the Institutional
Review Board—Imam Abdulrahman Bin Faisal University
(IRB-2019-01-100) and the study has followed the princi-
ple of the Declaration of Helsinki.'® Each patient has been
informed about the purpose of the study and gave a written
consent before enrolment.

Procedures and Assessments
The following assessments and tests were done on the
same day in the following order: clinical assessment, FeNO,
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spirometry, blood collection for blood investigations. During
the week following the assessment day, additional PEF mea-
surements were done twice a day at home and PEF variability
was calculated accordingly.

Clinical Assessment

History about duration of the disease, the ongoing main-
tenance medications, other medications, or illnesses, was
taken. Any exacerbation, rescue treatment, or emergency
visit was noted and recorded for each patient. The degree
of asthma control was further verified using asthma control
test questionnaire (ACT)."”

FeNO Measurements

Fractional exhaled nitric oxide (FeNO) was measured
according to the American Thoracic Society (ATS)
recommendations'® using small portable nitric oxide analy-
zer (Niox Mino®). The patients were asked to avoid stren-
uous exercise and nitrate rich diet (eg sausage, spinach,
broccoli) within three hours of measurement and to stop
their maintenance medications, if any, for at least 72 hours
prior to the test. To avoid any possible effect of spirometry
technique on nitric oxide results, FeNO measurement was
done first. Based on ATS proposed cutoff points for FeNO
to detect eosinophilic airway inflammation,'* we put two
cutoff points as positive for significant increase in FeNO
(>25 ppb, and >50 ppb).

PFTs Measurements

Spirometry was done according to the ATS criteria,'® the
absolute and predicted values of forced expiratory volume
in first second (FEV)), forced vital capacity (FVC) and FEV,
/FVC ratios were recorded. Three valid maneuvers were
recorded, and the best value was used for analysis. In addi-
tion, the peak expiratory flow (PEF) was measured at home
twice daily (early morning and at night) by all patients using
Mini Wright® peak flow meter during the week after enrol-
ment. All patients made three measurements every time and
reported the highest one for analysis. Then PEF variability
was calculated by dividing the lowest morning PEF value
over the highest PEF reading during the week. The higher
index indicates good control for asthma and vice versa.

Blood Investigations

Eight milliliters of peripheral venous blood were collected
from every patient. Two milliliters of the blood were used
for complete blood count (CBCs) using automated flow
cytometry analyzer (Beckman Coulter counter USA), and

6 mL were collected into plain tubes, after clotting at room
temperature, samples were centrifuged at 3000 rpm for 15
min, then the serum was isolated and stored at (—80°C) for
future analysis. A fluoroenzyme immunoassay Kkits
(Immuno-CAP®, Phadia AB, Sweden) was used to mea-
sure the total IgE. The inflammatory serum cytokines (INF-
v, Eotaxin, IL-4, IL-10, and IL-17) were quantified in single
using ELISA kits (IBL— Germany), with inter and intra-
assay coefficient of variation of less than 10%.

Statistical Analysis

Statistical data were analyzed by using SPSS v.20.0, (IBM
Corporation, Armonk, NY, USA). Numeric data based on
demographic features and biomarkers’ results were presented
as mean, standard deviation following most of these were
normally distributed variables. Unpaired #-test or Wilcoxon
Mann—Whitney U-test for continuous normally and non-
normally distributed data respectively were applied to com-
pare between groups based on baseline FeNO biomarker
cutoff values. The categorical variables like gender and stra-
tified variables like age, body mass index (BMI), duration of
disease and baseline FeNO categories based on cutoff values
were presented into frequencies and percentages.

The receiver operating curve (ROC) was used to illustrate
predictive validity of blood eosinophil percentage and total
IgE for two cutoff points of FeNO level following positive for
>25 and >50 as gold-standard criteria separately. Area under
the curve (AUC) with 95%CI was presented to compare the
predictive validity of biomarkers. Comparative tables of sen-
sitivity, specificity, positive predictive value (PPV) and nega-
tive predictive value (NPV) on various cutoff points of blood
eosinophil percentage and total IgE for baseline FeNO positive
for >25 and >50 as gold-standard criteria were presented to
identify the best cutoff points with a higher sensitivity (true
positive rate) and specificity (true negative rate). The relation-
ship between FeNO, blood eosinophil percentage and total IgE
with demographic variables and other biomarkers were
assessed using the Pearson’s correlation coefficient metrics.
Scatter plot was made to illustrate linear relationship between
FeNO, blood eosinophil percentage and total IgE. A p-value
<0.05 was considered statistically significant result.

Results

Total 76 of patients with asthma were evaluated for pre-
dictive validity of biomarkers. Out of these 76 patients,
(65.8%) were females and 26 (34.2%) were males. All
demographic and clinical characteristics of the patients
were listed in (Table 1).
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Differences According the Two FeNO

Cutoff Points

FeNO on a cutoff point <25 was seen in 46 (60.5%) and
>25 in 30 (39.5%) patients. While shifting the cutoff point
of FeNO on 50, a majority (88.2%) had FeNO <50 while
only nine (11.8%) had FeNO>50. While comparing the
demographic features including age, weight, height, BMI
and duration of disease between FeNO<25 and FeNO >25
have shown nonsignificant difference of mean (SD) and
the similar pattern was observed when compared the same
between FeNO <50 and FeNO>50 cutoff points (Table 2).
Whereas comparing the mean SD of other biomarkers
between FeNO <25 vs FeNO>25 showed significant
decrease in FEV/FVC ratio and FEF25-75 in FeNO >25
cutoff group: FEV/FVC ratio=78.5 (10.9) vs 73.1 (9.74),
p=0.031; FEF25-75=2.63 (1.17) vs 2.0 (1.13), p=0.021. In
contrast, total IgE was significantly higher in FeNO >25
cutoff group than FeNO <25 cutoff group: 660.9 (801.7)
vs 373.3 (549.1), respectively. However, the eosinophil
(%) in peripheral blood was the only factor among the
all biomarkers that was found significant (p=0.039) when
comparing between the FeNO <50 vs FeNO>50 cutoff
groups, respectively: 3.87 (2.48) vs 5.81 (3.40). Other
variables showed no significant differences between
groups as detailed in (Table 2).

Table | Demographic and Clinical Characteristics of the Patients

Variables Mean (SD) Patients n (%)
Gender

Male 26 (34.2)

Female 50 (65.8)
Age (years) 37.97 (12.44)

18-34 27 (35.5)

3549 39 (51.3)

250 10 (13.2)
BMI (kg/m?) 30.39 (6.78)

<185 3 (3.9

18.5-24.9 14 (18.4)

25.0-29.9 21 (27.6)

230 38 (50.0)
Duration of disease 12.21 (8.03)

<5 years 17 (22.4)

>5 — 10 years 30 (39.5)

>0 years 29 (38.2)
Atopic state

Yes 36 (47.4)

No 40 (52.6)

Peripheral Blood Eosinophil and Total IgE

Predictive Ability
ROC analysis for the predictive validity of eosinophil (%)
in peripheral blood and total IgE biomarkers in compar-
ison with baseline FeNO level as gold-standard criteria
following positive for >25 and negative for <25 cutoff
points. Area under the curve (AUC, 95%CI) for peripheral
blood eosinophil (%) was 0.57 (95%CI: 0.44-0.71) and of
total IgE was 0.64 (0.52-0.77), that reveals higher predic-
tive validity of total IgE than blood eosinophil (%) for
FeNO >25 cutoff point to be positive (Figure 1). The best
cutoff point for blood eosinophil -(%) based on optimal
sensitivity and specificity was >3.5 where sensitivity and
specificity were 56.7% and 54.3%, respectively. While the
best cutoff point for total IgE for the similar criterion was
>250 (sensitivity 63.3% and specificity 64.4%) (Table 3).
ROC analysis on another cutoff point of FeNO level
following positive for >50 and negative for <50 cutoff
points as gold standard was also performed to evaluate
the predictive validity of blood eosinophil (%) and total
IgE biomarkers. Area under the curve (AUC, 95%lI) for
blood eosinophil -(%) was found 0.67 (0.48—0.87), and for
IgE was 0.64 (0.46-0.83), that reveals higher predictive
validity of blood eosinophil (%) than total IgE biomarker
for FeNO >50 cutoff point to be positive (Figure 2). The
best cutoff point for blood eosinophil (%) based on opti-
mal sensitivity and specificity was >4.0 where sensitivity
and specificity were 66.7% and 60.0% respectively. While
the best cutoff point for total IgE for the similar criterion
was >350 (sensitivity 66.7% and specificity 63.6%)
(Table 4).

Associations Between FeNO, Blood
Eosinophil, Total Igk, PFT and

Inflammatory Cytokines

There was found significant positive relationship between
baseline FeNO and peripheral blood eosinophil (%)
(r=0.276, p=0.017), also significant positive correlation
between baseline FeNO and total IgE (+=0.390, p=0.000)
(Figure 3A and B). A significant negative correlation was
found between peripheral blood eosinophil (%) with
FEV;, FEV% pred and FEF25-75% pred (+=—0.28,
p=0.014; =—0.25, p=0.030 and =—0.24, p=0.039 respec-
tively). There was nonsignificant correlation of FeNO,
blood eosinophil, and total IgE with other PFT measure-
ments and inflammatory cytokines as shown in correlation
metrics (Table 5).
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Table 2 Comparisons of Demographic Characteristics and Other Biomarkers According to Two Different FeNO Cutoff Points

Variables FeNO Mean (SD) p-value FeNO Mean (SD) p-value
<25 (n=46) 225 (n=30) <50 (n=67) >50 (n=9)
Age 374 (124) 38.9 (12.7) 0.603 38.0 (12.9) 37.8 (8.26) 0.960
Weight 79.1 (18.2) 73.8 (13.6) 0.184 76.9 (17.4) 774 (10.4) 0.942
Height 1.59 (0.09) 1.60 (0.09) 0.933 1.60 (0.09) 1.58 (0.09) 0.626
BMI 31.3(7.7) 29.0 (4.91) 0.162 303 (7.13) 31.0 (34) 0.791
Duration of disease 11.8 (7.1) 12.9 (9.35) 0 .549 11.6 (7.38) 16.6 (11.4) 0.084
FEV, 2.37 (0.7) 2.33 (0.72) 0817 2.35 (0.72) 2.42 (0.67) 0.788
FEV,% predicted 82.0 (19.5) 80.8 (19.6) 0.792 81.4 (19.9) 82.4 (15.7) 0.886
FvC 3.04 (0.91) 3.14 (0.84) 0.620 3.04 (0.87) 3.41 (0.94) 0.232
FVC % predicted 88.9 (17.9) 93.1 (17.4) 0314 89.4 (17.6) 99.3 (16.6) 0.113
FEV/FVC ratio 78.5 (10.9)* 73.1 (9.74) 0.031 77.1 (10.8) 70.7 (9.1) 0.089
FEF25-75 2.63 (1.17)* 2.00 (1.13) 0.021 2.46 (1.19) 1.81 (1.04) 0.123
FEF25-75% predicted 69.5 (31.2) 60.8 (32.1) 0.244 67.5 (32.2) 55.7 (27.2) 0.297
PEF variability 74.6 (10.7) 74.4 (8.92) 0.952 74.1 (10.1) 779 (8.5) 0.289
Eosinophils (%) in peripheral blood 3.89 (2.43) 4.58 (2.94) 0.211 3.87 (2.48) 5.81 (3.40)* 0.039
IgE total 373.3 (549.1) 660.9 (801.7)° 0.038 434 (588.9) 879.8 (1075) 0.164
IL-4 7.55 (18.6) 8.19 (27.2) 0.904 8.68 (23.54) 1.30 (0) 0.353
IL-17 6.8 (16.6) 6.42 (14.0) 0916 743 (16.40) 0.83 (0.59) 0.233
INF-y 1.70 (1.02) 2.71 (5.23) 0.207 2.17 (3.59) 1.59 (0.74) 0.630
IL-10 3.63 (6.85) 4.06 (8.46) 0.808 3.97 (7.94) 2.48 (1.27) 0.576
Eotaxin 41.0 (42.4) 40.7 (19.5) 0.969 41.5 36.7) 36.2 (19.5) 0.672
ACT score 17.5 (1.35) 17.2 (1.3) 0.301 17.4 (1.3) 17.0 (1.2) 0.342

Notes: *Shows significantly higher mean level at 5% level of significance. *Shows significantly higher difference at 5% level of significance by using Mann-Whitney Wilcoxon

U-Test due to non-Gaussian distribution of higher variability.

Discussion

This study was designed to determine the best cutoff
points of peripheral blood eosinophils and total IgE for
detecting eosinophilic airway inflammatory phenotypes in
patients with partly controlled asthma using FeNO as the
gold standard. The higher predictive ability was found at
FeNO >50 ppb, where the best cutoff point for blood
eosinophil % was >4.0% (sensitivity 66.7%, specificity
60.0%) and the best cutoff point for total IgE was >350
(sensitivity 66.7%, specificity 63.6%). In addition, FeNO
>25 was associated with a significant decrease in FEV,
/FVC ratio and FEF25-75 and a significant increase in the
total IgE. However, only eosinophils in the peripheral
blood were significantly more in the patients with FeNO
>50. FeNO was also significantly correlated with periph-
eral blood eosinophils and total IgE but not with any of the
serum inflammatory cytokines.

Inflammation is regarded as the major pathophysiolo-
gical factor in asthma, therefore, its direct measurement is
logically the best method to diagnose and monitor asthma.
FeNO that is an established marker of airway inflamma-
tion associated with atopic or allergic asthma has

established its place in the early part of this century.'”
However, GINA? and likewise the British Thoracic
Society/Scottish Intercollegiate Guidelines (BTS/SIGN)*
do not recommend adopting FeNO alone for monitoring of
asthma patients. One of the reasons for this is the con-
troversy about appropriate cutoff values for help in diag-
nosis or monitoring of asthma.

The ATS and International Classification of Diseases
(ICD) rank a FeNO of less than 25 ppb as low, more than
25 but less than 50 ppb as intermediate, and more than
50 ppb as high.*' However, studies indicate that low
FeNO cannot be relied upon to exclude asthma. BTS/
SIGN management of asthma guidelines suggest >35 for
children and >50 for adults,”® while GINA recommends
>50 ppb as elevated both for adults as well as for chil-
dren (11-16 years of age). However, GINA is of the
opinion that different values from 20-50 might help in
stratification of treatment at asthma clinics.> This was
supported by a meta-analysis of 26 studies which con-
cluded that determining definitive cutoff values for FeNO
is apparently impossible just on the basis of the sum of
highest sensitivity and specificity, therefore, positive pre-
dictive value (PPV) must be included in calculations for
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determining the cutoff for FeNO%.*> Another study
pointed out variation in FeNO values in asthma patients
with different phenotypes and proposed that cutoff value
of FeNO should be different for each subpopulation of
asthma patients.'®

In this study 30 (39.5%) of the subjects had FeNO 25 or
more, but only nine (11.8%) of them had FeNO >50. The
majority, that is, 46 (60.5%) had FeNO <25. A significant
decrease in FEV|/FVC ratio and FEF25-75 is seen in this
study at FeNO >25. FeNO may be influenced by a decrease

Table 3 Predictive Validity of Peripheral Blood Eosinophil (%) and Total IgE Following FeNO as Gold-Standard (Positive for FeNO

225)

Blood Eosinophil (%) Total IgE

Cutoff Points Sen (%) Spe (%) PPV (%) NPV (%) Cutoff Points Sen (%) Spe (%) PPV (%) NPV (%)
>2.5 70.0 28.9 39.1 59.6 >150 70.0 59.1 527 75.1
>3.0 61.5 44.0 41.7 63.6 >200 66.7 36.0 40.5 62.3
>3.5° 56.7 54.3 44.7 65.8 >250" 63.3 64.4 53.7 729
>4.0 50.0 57.5 434 63.8 >300 62.0 69.9 573 738
>4.5 483 74.0 54.8 68.7 >350 54.3 69.9 54.1 70.1
>5.0 44.5 79.5 58.6 68.7 >400 50.0 69.9 52.0 68.2
>5.5 40.0 80.0 56.6 67.1 >450 43.0 71.1 49.3 65.6
>6.0 333 80.0 51.9 64.6 >500 40.0 71.1 47.5 64.5
>6.5 26.0 88.9 60.5 64.8 >550 333 71.1 429 62.0
>7.0 20.0 88.9 54.0 63.0 >600 30.0 733 423 61.6
>7.5 16.7 9.1 55.0 62.6 >650 26.7 79.0 45.4 62.3
>8.0 1.0 93.0 50.6 61.5 >700 26.7 82.2 49.5 63.2

Notes: Colored cells show the best cutoff points of blood eosinophil (%) and total IgE. Prevalence (p=39.5%) of positive for FeNO 225.
Abbreviations: Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive value.
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Figure 2 A receiver operating characteristic curve (ROC) analysis for peripheral blood eosinophil (%) and total IgE at FeNO cutoff level >50 ppb. AUC (95%ClI) for

eosinophil (%)=0.67 (0.48-0.87), AUC for total IgE=0.64 (0.46-0.83).

in the airway caliber, therefore, FeNO cannot be considered
a standalone biomarker. In reality it integrates very well with
the airway inflammation as well as changes in the lung
functions.”® The combination of spirometry and FeNO is
definitely highly sensitive as well as specific for the diagnosis

of asthma.>* A study specifically pointed out that multiple
FeNO measurements along with FEF25%—75% were better
determinants to monitor control of asthma than others.*®

He et al, evaluated associations of potential determi-
nants of FeNO in asthma patients and reported a negative

Table 4 Predictive Validity of Peripheral Blood Eosinophil (%) and Total IgE Following FeNO as Gold-Standard (Positive for FeNO

>50)
Blood Eosinophil (%) Total IgE
Cutoff Points | Sen (%) Spe (%) PPV (%) NPV (%) Cutoff Points | Sen (%) Spe (%) PPV (%) NPV (%)
>2.5 88.9 36.5 15.8 96.1 >50 88.9 19.7 12.9 92.9
>3.0 77.8 41.7 15.1 93.3 >100 77.8 41.0 15.0 93.2
>3.5 77.8 53.0 18.1 94.7 >150 66.7 49.5 15.0 91.7
>4.0* 66.7 60.0 18.0 93.1 >200 66.7 55.0 16.5 92.5
>45 6l.1 66.0 19.4 92.7 >250 66.7 57.0 17.1 92.8
>5.0 55.6 735 21.9 92.5 >300 66.7 59.1 17.9 92.9
>5.5 55.6 77.0 224 92.8 >350" 66.7 63.6 20.0 934
>6.0 44.4 77.1 20.6 91.2 >400 55.6 63.6 17.0 91.4
>6.5 222 84.0 15.6 88.9 >450 444 77.0 20.5 9I.1
>7.0 222 86.4 17.9 89.2 >500 444 68.2 15.7 90.1
>7.5 222 90.0 22.8 89.6 >550 333 70.0 12.9 88.7
>8.0 222 91.0 24.8 89.7 >600 333 72.7 14.0 89.1
Notes: Colored cells show the best cutoff points of blood eosinophil (%) and total IgE. Prevalence p=11.8% positive for FENO >50
Abbreviations: Sen, sensitivity; Spe, specificity, PPV, positive predictive value; NPV, negative predictive value.
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Figure 3 Scatter plots of linear relationship of FeNO, peripheral blood eosinophil (%) and total IgE. (A) Correlation between FeNO and Eosinophils (r=0.276, p=0.017). (B)

Correlation between FeNO and IgE (r=0.390, p=0.000)

correlation of FEV, with FeNO (r=—0.197, p<0.001)."
Malinovschi et al, investigated additive information of
two inflammatory biomarkers, FeNO and blood eosino-
phils in relation to FEV; in 410 subjects on treatment for
asthma. Subjects with both elevated FeNO (>25 ppb) and
blood eosinophils (>0.3x10°L) had lower FEV,%
(»<0.001) than subjects with normal FeNO and blood
eosinophils.*®

A study by Qian et al reported that FeNO 25 ppb
significantly correlated with FEV,/FVC ratio (p=0.032)*’
while a recent study carried out on 160 Korean school
children with asthma being monitored a FeNO value >35
ppb synchronized with asthma exacerbation. FEV{/FVC
ratio as well as FEF25%—75% was significantly less than
baseline in these children.”® Furthermore, a study looking
for the relationship of asthma control test (ACT) score,
FeNO and respiratory function tests in adult asthmatics
concluded although FeNO levels had a negative correla-
tion with ACT scores, their relation with lung function was
not significant.”’

In this study eosinophil (%) in peripheral blood is sig-
nificantly more in FeNO >50 patients. In addition, the per-
ipheral blood eosinophils (%) had a significant positive
correlation with FeNO. Although induced sputum remains
a “gold standard” for airway inflammatory phenotypes, yet
FeNO is now extensively accepted in routine clinical practice
because of its being readily available and ease of perfor-
mance. FeNO values below a reference cutoff value (<25
ppb) reflects an absence of eosinophilic inflammation, how-
ever, used alone this is not diagnostic of asthma.'® The cutoff

point of FeNO for support in diagnosis of asthma recom-
mended by the asthma guidelines in China is 32 ppb since
2016, as this cutoff value was reported to be linked with
sputum eosinophils >2.5%.>° In a recent study, a FeNO cutoff
of 25 ppb showed a significant correlation with eosinophils
between >5% and <5%.2’ BTS/SIGN British guidelines
approve use of FeNO as an evidence of eosinophilic
inflammation.”® The ATS has recommended using FeNO
for monitoring eosinophilic airway inflammation and the
control of asthma.'* A study that related FeNO to the
“inflammatory phenotype” of asthma concluded that FeNO
was capable of identifying eosinophilic asthma more accu-
rately compared with the other phenotypes.*'

In our study total IgE was significantly higher in FeNO
>25 cutoff group than FeNO <25 cutoff group. In addition,
there is a significant positive correlation between FeNO
and total IgE. AUC of total IgE was 64% at both FeNO
>25 ppb, and FeNO >50. The higher predictive ability was
detected at FeNO >50 ppb where the best cutoff point for
total IgE was >350 (sensitivity 66.7%, specificity 63.6%).
A recent study by Qian et al reported that FeNO 25 ppb
had a significant correlation with serum IgE between 200
and <200 TU/mL level 1.7’

The current study showed no relationship between
FeNO and serum inflammatory cytokines. This was not
unexpected due to phenotype heterogeneity in any given
patient population. Different phenotypes of asthma show
wide heterogeneity in clinical manifestations, response to
treatment, and underlying pathogenesis. Some of these

heterogeneous inflammatory responses associated with
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Table 5 Correlation of FeNO, Blood Eosinophils (%), and Total
IgE with PFT Measurements and Inflammatory Cytokines

Variables FeNO | Blood Total

Eosinophils % IgE
FEV, r 0.13 —0.28* —0.01
p-value | 0.253 0.014 0914
FEV,%prd r 0.12 —0.25% —0.12
p-value | 0.301 0.030 0.316

FvC r 0.21 —-0.20 0.08
p-value | 0.068 0.090 0.506
FVC %prd r 0.27 —0.13 —0.03
p-value | 0.060 0.263 0.820
FEV,/FVC r —0.15 -0.22 —0.16
p-value | 0.187 0.059 0.162
FEF25-75 r —0.07 —0.15 —0.03
p-value | 0.554 0.201 0816
FEF25-75%prd | r -0.04 | —0.24* -0.10
p-value | 0.754 0.039 0.398

PEF(Variability) | r 0.11 0.10 0.12
p-value | 0.364 0414 0.299
IL-4 r —0.06 | —0.05 —0.02
p-value | 0.638 0.659 0.862

IL-17 r —0.10 | -0.04 0.01
p-value | 0.394 0.715 0.939

IL-10 r —0.05 0.05 0.00
p-value | 0.644 0.663 0.997
INF-y r 0.02 —0.03 —0.03
p-value | 0.874 0.826 0.817

Eotaxin r —0.05 —0.06 0.04
p-value | 0.670 0.602 0.755

Note: *Significant correlation p<0.05.

asthma may not be assessed by the existing biomarkers
(FeNO, blood eosinophil, IgE), hence requiring novel
biomarkers.** This could explain the controversial results
regarding the correlation of blood cytokine profiles and the
biomarkers of airway inflammation.

The cytokines are secreted by a number of immune
system cells, among them Th-2 cells. FeNO values more
than 35-50 ppb have been determined by various studies to
reflect inflammation due to Th-2 cells as well as exacerba-
tions in patients undergoing treatment for asthma.* Some
researchers think that biomarkers including FeNO can be
used to personalize asthma therapy and it is a dependable
Th-2 biomarker for determining status of airway caliber and

status of asthma exacerbation.>* At the moment along with
history, lung function test, and eosinophils, FeNO is the only
noninvasive, quick and readily available test to diagnose
type 2 inflammation in patients with asthma.®

In the real patient scenarios FeNO can be part of overall
evaluation in diagnosis as well as monitoring the treatment.
However, currently FeNO is not a stand-alone test it must be
combined with others. A systematic review of 32 studies (24
adults, eight children) reported that the diagnostic accuracy
of “stand-alone” FeNO, blood ecosinophils, and IgE is just
moderate. If any of those is used as a single marker it would
generate a number of false results.’® Now the question is
what other tests are the most appropriate to accompany
FeNO? We feel that the time-tested blood eosinophils and
IgE are two such tests that must form part of the diagnostic
and prognostic testing along with FeNO.

A strength of this work is the full numerical ROC curve
report, which is in line with the recommendation of Karrasch
et al after their meta-analysis of 26 studies. They suggested
that the FeNO studies for diagnostic accuracy must report
full ROC curve numerically in order to facilitate meta-
analysis.”> However, our study had some limitations. One
limitation was the difficulty in obtaining a bronchoalveolar
lavage or induced sputum samples for inflammatory cells and
marker analysis. Because both procedures are uncomfortable
and have a significant risk of bronchospasm, most of the
patients refuse to do it, furthermore the processing techniques
for these sample is very sophisticated with a limited success
rate even in highly qualified centers.”” We compensated this
limitation by substituting these procedures with the noninva-
sive novel FeNO measurement, which has a comparable
reliability and specificity to those invasive techniques.’'~**
In addition, owing to the cross-sectional nature of this study,
we cannot determine the causal relationship between FeNO
and other studied variables.

In conclusion, our data indicate that blood eosinophils
and total IgE represent useful biomarkers that can be used to
evaluate airway inflammation and to guide asthma treatment
together with FeNO. However, cutoff reference values of
FeNO level critically tangled the accuracy of both markers.
Serum cytokine levels were found to be poor surrogates for
FeNO. More studies by taking a balanced cohort sizes based
on FeNO cutoff value are suggested to validate the results.
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