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Background: Cough variant asthma in children presents with a dry nonproductive cough. This study aimed to investigate
the diagnostic value of fractional exhaled nitric oxide (FeNO) combined with small airway functional parame-
ters in cough variant asthma.

Material/Methods: Children with asthma (n=136) were divided into a cough variant asthma (CVA) group (n=57; mean age, 8.03+2.1
years) and a non-cough variant asthma (nCVA) group (n=79; mean age, 8.61+1.7 years). In both groups, FeNO
and other pulmonary function parameters were measured including forced expiratory volume in one second
(FEV1), forced vital capacity (FVC), peak expiratory flow (PEF), maximum mid-expiratory flow (MMEF), forced
expiratory flow (FEF), and maximum expiratory flow at 25%, 50%, and 75% expired volume (MEF25, MEF50,
and MEF75). Receiver-operating characteristic (ROC) curve analysis compared the sensitivity and specificity be-
tween the diagnostic parameters.

Results: The FeNO values were significantly increased in the CVA group compared with the nCVA group (Z=6.890,
p<0.001). The MMEF, MEF25, MEF50, and MEF75 values were significantly lower in the CVA group compared
with the nCVA group (p=0.000, p=0.014, p=0.000, and p=0.000, respectively). The FeNO values were negatively
correlated with MEF25, MEF50, and MMEF (p=—0.334, p=—0.257 and p=-0.276, respectively). FeNO was signif-
icantly more efficient diagnosing cough variant asthma comparing with pulmonary parameters (p<0.05), and
was most sensitive and specific when combined with MMEF/MEF50 compared with single diagnostic parame-
ters (p<0.05).

Conclusions: FeNO combined with pulmonary function parameters of MMEF/MEF50 showed increased sensitivity and spec-
ificity for the diagnosis of cough variant asthma.
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Background

Cough variant asthma in children is characterized by a dry pro-
ductive cough that responds to bronchodilator therapy [1,2].
Worldwide, cough variant asthma has been reported as a com-
mon cause for chronic cough in children [1-3]. Cough variant
asthma has the pathophysiological characteristics of classical
asthma, including atopy and chronic airway inflammation, and
airway hyperreactivity [4]. Clinically, dysfunction of small air-
ways is the most important clinical characteristic of cough vari-
ant asthma [5]. A previous study showed that approximately
30% of cases of cough variant asthma progress to classical
asthma if no therapeutic intervention occurs [6].

The bronchial provocation test (BPT) is commonly used to di-
agnose cough variant asthma in clinical practice. However, the
BPT procedure is complex and time-consuming and is associ-
ated with the risk of bronchial spasm [7]. The success of BTP
requires the cooperation of the pediatric patient and there is
a lack of sensitivity and specificity for this diagnostic test for
cough variant asthma in clinical practice.

Fractional exhaled nitric oxide (FeNO) is a non-invasive, sen-
sitive, and convenient biomarker for monitoring eosinophilic
lower airway inflammation and is simple to use and the find-
ings are reliable and reproducible [8]. There are several diag-
nostic tests for small airway function, including maximal mid-
expiratory flow (MMEF), mid-expiratory flow at 25%, (MEF25),
mid-expiratory flow at 50% (MEF50), and mid-expiratory flow
at 75% (MEF75) of vital capacity [9]. However, there have been
few studies on the clinical value of combining the evaluation
of FeNO with tests of small airway function for the diagno-
sis and evaluation of cough variant asthma in children [10].

Therefore, this study aimed to investigate the diagnostic value
of FeNO combined with small airway functional parameters
in the diagnosis of cough variant asthma in pediatric patients
at a single center.

Material and Methods

Patients

This study included 136 children who had symptoms of a cough
more than four weeks who attended the pediatric respiratory
clinic and inpatient department, between August 2014 and
August 2016. The families of the patients signed written in-
formed consent and approved the study. This study was ap-
proved by the Ethics Committee of Hospital of Nanjing Medical
University, Nanjing, China.
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Diagnostic criteria, study inclusion criteria, and study
groups

Chronic cough and cough variant asthma were diagnosed
according to the recommendations of the Chinese National
Guidelines on diagnosis and management of cough [11]. Study
inclusion criteria included a diagnosis of chronic cough, no ab-
normality on chest X-ray, no drug treatment in the previous
three days, including inhaled or oral steroids, bronchodilator,
oral anti-allergic drugs, no history of upper respiratory tract
infection, fever, or pharyngalgia in the previous four weeks.

Study exclusion criteria included patients with the chronic re-
spiratory disorders, such as cystic fibrosis, tuberculosis, and
congenital bronchopulmonary dysplasia, classical asthma, and
patients with other complications, including epilepsy, congen-
ital heart disease, congenital respiratory disease, and thoracic
deformity.

According to the above diagnostic criteria and study inclu-
sion and exclusion criteria, children with asthma (n=136)
were divided into a cough variant asthma (CVA) group (n=57)
with a mean age of 8.03+2.1 years, and a non-cough variant
asthma (nCVA) group (n=79) with a mean age of 8.61+1.7
years. In the nCVA group, there were 46 cases with upper air-
way cough syndrome (UACS), 21 cases with cough following
infection, five cases with cough associated with gastroesoph-
ageal reflux, four cases with Tourette’s syndrome, and three
cases with eosinophilic bronchitis.

Measurement of fractional exhaled nitric oxide (FeNO)

Fractional exhaled nitric oxide (FeNO) was measured accord-
ing to the Guidelines of American Thoracic Society and used
the electrochemical method [12] and the NIOX MINO® FeNO
detection system (Aerocrine, Solna, Sweden) according to the
manufacturer’s instructions. The FENO measurement was con-
ducted using a mouth pressure of 16 cm H,0 with the 50 ml/s
expiratory flow for 10 seconds. To obtain three nitric oxide
(NO) values that achieved 5% level, exhalation was repeated
in this study. The main detection levels for FeNO were mea-
sured in ppb mol/l, where 1 ppb=1x10"° mol/l.

Small airway pulmonary function testing

Small airway pulmonary function testing was performed us-
ing the MasterScreen™ PAED pulmonary function analyzer,
and the MasterScreen™ Pneumo von JAEGER™ (CareFusion,
Wiirzburg, Germany), as previously described [13]. The forced
expiratory volume in one second (FEV1), the forced vital capac-
ity (FVC), the peak expiratory flow (PEF), the maximum mid-
expiratory flow (MMEF), the forced expiratory flow (FEF), the
maximum expiratory flow (MEF), and the maximum expiratory
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Table 1. Comparison of the fractional exhaled nitric oxide (FeNO) and parameters of lung function between the cough variant asthma
(CVA) group (n=57) and non-cough variant asthma (nCVA) group of pediatric patients.

Items CVA (n=57)

FeNO (ppb) 37.8 (13.7)
| FEVI% predicted value (%, xts) 96.6£126
| FVC% predicted value (%, X4s) 988134
CREVI/RVC B, xts) 1035487
| PEF% predicted value (%, xts) 9824146
MMEF (%, xts) 7374177
MEF7S (%6 xt) 84.4£153
MEFSO (%6 xt) 7345181
CMEF2S G xes) 680241

nCVA (n=79) t/Z values P values
19.1 (9.8) 7=6.890 <0.001
""" 9994110  t=1891 0093
1003:142 t-0898 0372
1031142 t=0126 0900
""" 966+118  t=0857 0392
""" 919184  t=4521 0000
""" o18+164  t-1989 0014
""" 9354181 t=5253 0000
""" 948+154  t=3976 0000

flow at 25%, 50%, and 75% expired volume (MEF25, MEF50,
and MEF75) were measured. The FEV1/FVC ratios were calcu-
lated. For the FEV1 analysis, the percentage of predicted FEV1
was calculated as FEV1%.

Statistical analysis

Data were analyzed using SPSS software version 18.0 (SPSS
Inc., Chicago, IL, USA). The categorical data were described as
the percentage (%) and the continuous data were described
as the mean + standard deviation (SD). Differences in the
continuous data between the two groups were analyzed with
Student’s t-test. Differences in categorical data between groups
were analyzed using a chi-squared (x?) test. Pearson’s corre-
lation analysis was used for data with a normal distribution
and Spearman’s correlation analysis was used for data with
a non-normal distribution. The receiver-operating characteris-
tic (ROC) curve and area under the curve (AUC) were used to
analyze the diagnostic sensitivity and specificity of FeNO and
small airway parameters for cough variant asthma. A P-value
<0.05 was considered to be statistically significant.

Results

Comparison of the fractional exhaled nitric oxide (FeNO)
and pulmonary function testing parameters between the
cough variant asthma (CVA) group and the non-cough
variant asthma (nCVA) group

The fractional exhaled nitric oxide (FeNO) values were evalu-
ated in both cough variant asthma (CVA) group and the non-
cough variant asthma (nCVA) group, The results showed that the
FeNO value in the CVA group was significantly increased when
compared with the nCVA group (Table 1) (Z=6.890; p<0.001).
For the small airway pulmonary function test parameters,

the maximum mid-expiratory flow (MMEF), maximum expiratory
flow at 25%, 50%, and 75% expired volume (MEF25, MEF50,
and MEF75) values in the CVA group were significantly lower
compared with the nCVA group (p=0.000, p=0.014, p=0.000,
and p=0.000, respectively) (Table 1). However, there were no
significant differences for the FVC% predicted value, FEV1%
predicted value, EFV1/FVC ratio, and peak expiratory flow
(PEF)% predicted value between the CVA group and the nCVA
group (p>0.05) (Table 1).

The FeNO values were negatively correlated with MMEF,
MEF25, and MEF50 values

To determine the diagnostic value of FeNO and pulmonary
function test parameters for the diagnosis of cough variant
asthma, these parameters were compared. FeNO was nega-
tively correlated with the MEF25 values (p=—0.334, p=0.002)
(Figure 1A, Table 2). Also, the FeNO values were negatively cor-
related with the MMEF values (p=—0.276, p=0.011) (Figure 1B)
(Table 2), and the MEF50 values (p=—0.257, p=0.018) (Table 2).
However, there were no significant correlations between FeNO
and the other pulmonary function test parameters (p>0.05)
(Table 2).

The FeNO test showed increased sensitivity and specificity
for the diagnosis of cough variant asthma when compared
with other small airway pulmonary function tests

For FeNO and the diagnosis of cough variant asthma, the result
of the area under the curve (AUC) was 0.905 and the optimal
critical value was 25.5 ppb (Table 3). The sensitivity, specificity,
positive predictive value, and negative predictive value for
FeNO were 82.2%, 90.0%, 91.8%, and 85.7%, respectively (all,
p<0.05) (Table 3). For the diagnosis of cough variant asthma
using the pulmonary function test parameters, MEF50 and
MMEF, the area under the curve (AUC) were 0.792 and 0.800,
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Figure 1. Correlation analysis between fractional exhaled nitric oxide (FeNO) and small airway functional parameters. (A) Correlation
between fractional exhaled nitric oxide (FeNO) and maximum expiratory flow at 25% (MEF25). (B) Correlation between FeNO

and maximum mid-expiratory flow (MMEF).

Table 2. Correlation analysis between the fractional exhaled
nitric oxide (FeNO) and large and small airway lung

function.
Items p values P values
FeNO/FEV1% predicted value -0.125 0.257
| FeNO/PEF% predicted value 0189 0185
| FeNO/FVC% predicted value ~ -0.067 0715
| FeNO/MMEF% predicted value 0276 0011
| FeNO/MEF75% predicted value ~ -0.195 0075
 FeNO/MEFS0% predicted value 0257 0018
| FeNO/MEF25% predicted value 0334 0002

respectively (Table 3). The sensitivity and specificity for the di-
agnosis of cough variant asthma were significantly increased
for FeNO testing compared with the MMEF, MEF25, MEF50 and
MEF75 tests (all, p<0.05) (Table 3). Also, the FeNO test resulted
in a maximal AUC comparing with the other groups, with FeNO
>MMEF >MEF50 >MEF25 >MEF75 (Table 3). In particular, the

FeNO test (Figure 2A) and the MMEF test (Figure 2B) demon-
strated significantly improved sensitivity and specificity for the
diagnosis of cough variant asthma in children compared with
the other pulmonary function test parameters.

The FeNO test combined with the MMEF/MEF50 were
associated with increased sensitivity and specificity for
the diagnosis of cough variant asthma

The diagnostic sensitivity of the single use of the FeNO test,
and the combined use of the FeNO test combined with the
MEF50 test, and the FeNO test combined with the MMEF test
were 82.2%, 84.6%, and 85.4%, respectively (Table 4). The di-
agnostic specificity of the single use of the FeNO test, and the
combined use of the FeNO test combined with the MEF50 test,
and the FeNO test combined with the MMEF test were 90.0%,
94.0%, and 96.0%, respectively (Table 4). These results indi-
cated that the combination of the FeNO test and the tests for
small airway function increased the accuracy of the diagnosis
of cough variant asthma in children (Table 4).

Table 3. Diagnostic efficacy of fractional exhaled nitric oxide (FeNO) and lung function for the cough variant asthma (CVA) group.

AUC (95% CI) Cutoff value Sensitivity (%) Specificity (%) P value
FeNO (ppb) 0.905 (0.821-0.958) 25.5 82.2 90.0 <0.01
COMEFS (%) 0726 (0618-0818) %9 g2 500 0o
COMEFSO (%) 0792 (0690-0873 780 647 80 0o
COMERS (%) 0777 (0673-0861) 706 706 760 ©or
COMMEF () 0800 (0698-0.879) gos 735 7180 0o
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Figure 2. Receiver-operating characteristic (ROC) curve analysis of the diagnostic sensitivity and specificity of fractional exhaled nitric
oxide (FeNO) and maximum mid-expiratory flow (MMEF) for the diagnosis of cough variant asthma. (A) Diagnostic efficacy
of fractional exhaled nitric oxide (FeNO). (B) Diagnostic efficacy of maximum mid-expiratory flow (MMEF).

Table 4. Diagnostic effects of fractional exhaled nitric oxide (FeNO) combined with small airway function in children with cough
variant asthma.

AUC (95% CI) Sensitivity (%) Specificity (%)
FeNO 0.905 (0.821-0.958) 82.2 90.0
""""""" FeNO+MEFS0 (%) ~ 0919(0839-0968) 846 90
""""""" FeNO+MMEF (%)  0928(0850-0973 84 90

Combination 1: Fractional exhaled nitric oxide (FeNO) + maximum mid-expiratory flow (MMEF) (%). Combination 2: Fractional exhaled
nitric oxide (FeNO) + maximum expiratory flow at 50% (MEF50) (%).

The FeNO test combined with the MMEF/MEF50 ratio w0 F -
showed the optimal diagnostic sensitivity and specificity O —
for cough variant asthma in children " I j

L [(
According to the AUC values, the sensitivity and specificity for i
the diagnosis of cough variant asthma for the FeNO test com- = Or
bined with the MMEF test and the FeNO test combined with E i ‘
the MEF50 test were significantly increased when compared g w0 -
with the FeNO test alone (Figure 3). - H

0 — FeNO

Ll — Combination 1

Discussion ) J o el
0 20 40 60 80 100

Several recently published studies have shown that cough vari- 100-Specificity
ant asthma, upper airway cough syndrome (UACS), respiratory

tract infection, and gastroesophageal reflux are the main Figure 3. Receiver-operating characteristic (ROC) curve analysis
causes for chronic cough in children [2,14]. A study from China to compare the diagnostic sensitivity and specificity
reported that the three leading causes of chronic cough were between fractional exhaled nitric oxide (FeNO) alone
cough variant asthma (41.95%), UACS (24.71%), and respira- orm combmat.mrt\ wﬂft; max;r;t;;] ER/'&/’\E’;%?FO;;')?OW/

. . maximum expirator OW a (] or
tory tract infection (21.73%) [15]. In the present study, there ) P Y )

’ the diagnosis of cough variant asthma.

were 57 cases of cough variant asthma (41.9%).
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The pathogenesis of cough variant asthma is similar to typi-
cal asthma, with the pathogenesis being atopy, airway hyper-
responsiveness, and chronic inflammation [16,17]. Fractional
exhaled nitric oxide (FeNO) is a sensitive marker for monitor-
ing eosinophilic airway inflammation of the central airway and
surrounding small airways [18]. Clinically, the FeNO test can be
used to diagnose asthma and chronic cough. Previously pub-
lished studies have reported that levels of FeNO in patients with
cough variant asthma were significantly increased when com-
pared with other patients with chronic cough [1,19]. However,
there have been some controversial findings for the diagnostic
role of FeNO for cough variant asthma due to the differences
in the optimal threshold for FeNO and the diagnostic sensitiv-
ity and specificity [1,20-22]. The findings of the present study
showed that the levels of FeNO in the patients with cough vari-
ant asthma were significantly increased when compared with
the other patients with chronic cough, including patients with
UACS. The results of this study also showed that the optimal
diagnostic critical value for FeNO was 25.5 ppb, which might
be of value clinically for the diagnosis of cough variant asth-
ma. Also, both of the sensitivity and specificity of the FeNO
test for the diagnosis of cough variant asthma were signifi-
cantly greater, which suggests that FeNo might have a clini-
cal role in screening and diagnosing cough variant asthma in
clinical practice, which is consistent with the findings from
a previous study [23].

Routine spirometry is an important method for evaluating and
diagnosing the cause of chronic cough in children [24,25]. A pre-
viously published study also reported that patients with asthma
had dysfunction of the small airways, although the forced ex-
piratory volume in one second (FEV1) was normal [26]. Similar
to the inflammation of the central airway, the inflammation
in small airway causes the thickening of the airway wall, ste-
nosis of the lumen, and hyperresponsiveness of airway [27].
In this study, small airways were defined as having a diam-
eter of <2 mm, with airway obstruction previously reported
to occur between the first and fifth bronchial branch [28,29].
Previously published studies have shown that the most com-
mon characteristic of cough variant asthma is airway dysfunc-
tion, especially dysfunction of small airways [5,30]. The routine
pulmonary function parameters for evaluating small airways
include the maximum mid-expiratory flow (MMEF), maximum
expiratory flow at 25%, and 50% (MEF25, MEF50) [31,32].
The findings of the present study showed that the values for
MMEF, MEF50, and MEF25 were significantly lower in patients
with cough variant asthma compared with patients with clas-
sical asthma, but there were no differences for large airway
function. These results suggest that cough variant asthma is
mainly characterized by dysfunctions of the small airways.
Feng-Jia et al. [33] retrospectively analyzed 150 patients with
cough variant asthma and found that small airway func-
tion was significantly reduced when compared with patients

CLINICAL RESEARCH

without non-cough variant asthma. Therefore, the findings of
the present study were consistent with previously published
findings [33].

Further published studies have shown that the FeNO was as-
sociated with the pulmonary function parameters of small air-
way [2,34,35]. The present study showed that the small air-
way functional parameters of MMEF, MEF50, and MEF25 were
significantly correlated with the levels of FeNO in the patients
with cough variant asthma, which suggests that the dysfunc-
tion of small airway might be correlated with airway inflam-
mation. Liu et al. reported that the FeNO test combined with
impulse oscillometry (10S) testing resulted in increased diag-
nostic sensitivity and specificity for dysfunction of small air-
ways in patients with asthma [34]. Feng-Jia et al. also reported
that the increased levels of FeNO indicated dysfunction of small
airways and was diagnostic for cough variant asthma [33].

The findings of the present study showed that the combina-
tion of testing for FeNO and small airway parameters resulted
in increased diagnostic sensitivity when compared with test-
ing for FeNO alone in patients with cough variant asthma.
Among the combined test strategies, the FeNO test combined
with the MMEF resulted in an increased area under the curve
(AUC) for receiver-operating characteristic (ROC) curve analy-
sis (0.928), which demonstrated the increased sensitivity and
specificity for the diagnosis of cough variant asthma. These
findings indicate that FeNO reflects the degree of eosinophilic
inflammation of the airway rather than small airway obstruc-
tion [35,36], and that combining parameters for testing small
airway function, such as MMEF, reflects small airway obstruc-
tion. However, the findings from a previously published study
did not support a similar role for MMEF for the clinical diag-
nosis of cough variant asthma [37].

This study had several limitations. The allergic parameters
of the children included in the study were not investigated,
including the levels of total IgE and the radioallergosorbent test
(RAST) that detects allergen-specific IgE in the blood. Tests for
allergy should be performed in future studies that include pa-
tients with cough variant asthma. The study sample size was
limited by the findings from a single center, and future multi-
center studies should be performed to increase the study size.

Conclusions

In pediatric patients, measurement of the fractional exhaled
nitric oxide (FeNO) combined with tests of small airway
function could distinguish between cough variant asthma
and classical asthma, due to dysfunction of small airways
in patients with cough variant asthma. The FeNO test com-
bined with tests of small airway function that included the
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maximum mid-expiratory flow/maximum expiratory flow at
50%, (MMEF/MEF50) resulted in improved diagnostic sensi-
tivity and specificity for cough variant asthma. These findings
might have clinical application in screening for cough variant
asthma in children with chronic cough.
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