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Diagnostic value of FeNO and MMEF for predicting cough variant asthma
in chronic cough patients with or without allergic rhinitis

Li-Chang Chen, MD� , Guan-Sheng Zeng, MD�, Ling-Ling Wu, MD�, Mei Zi, MD , Ze-Kui Fang, MD,
Hui-Zhen Fan, MD, PhD, and Hua-Peng Yu, MD, PhD

Department of Respiratory Medicine, Zhujiang Hospital, Southern Medical University, Guangzhou, China

ABSTRACT
Objective: To evaluate the diagnostic value of fractional exhaled nitric oxide (FeNO) and
maximum mid-expiratory flow (MMEF) for differentiating cough variant asthma (CVA) from
chronic cough in patients with or without allergic rhinitis.
Methods: In total, 328 patients with chronic cough who underwent spirometry and FeNO
testing were consecutively included in the retrospective analysis. Patients were divided into
the CVA (n¼ 125) or NCVA (n¼ 203) groups according to the diagnostic criteria of CVA.
Receiver operating characteristic (ROC) curves were established to assess the diagnostic effi-
ciency and optimal cutoff points of FeNO and MMEF for the prediction of CVA.
Results: The optimal cutoff values of FeNO and MMEF to discriminate CVA from chronic
cough were 24.5 ppb (AUC, 0.765; sensitivity, 69.60%; specificity 72.91%; PPV, 61.27%; NPV,
79.57%) and 66.2% (AUC, 0.771; sensitivity, 67.20%; specificity 78.33%; PPV, 65.63%; NPV,
79.50%). The optimal cutoff values of combining FeNO with MMEF to discriminate CVA from
chronic cough were >22ppb for FeNO and <62.6% for MMEF (AUC, 0.877). In patients with
and without allergic rhinitis, the optimal cutoff point of FeNO to discriminate CVA from
chronic cough was 24.5 ppb (AUC, 0.820) and 33.5 ppb (AUC, 0.707), respectively.
Conclusions: FeNO and MMEF might have greater value as negative parameters for differ-
entiating CVA from chronic cough. Combining FeNO and MMEF provided a significantly
better prediction than either alone. The diagnostic accuracy of FeNO for predicting CVA in
chronic cough patients with allergic rhinitis was higher than in chronic cough patients with-
out allergic rhinitis.
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Introduction

Cough is a common symptom in outpatients in the
respiratory medicine department and dramatically
influences patients’ daily lives. It can be classified into
three categories based on its duration: acute cough
(<3weeks), subacute cough (3–8weeks) and chronic
cough (>8weeks) (1). Cough variant asthma (CVA) is
a specific form of asthma that solely presents with
coughing (2). In China, more than 30% of patients
came to the respiratory consulting room for chronic
cough, and CVA is usually the major cause (3).

A bronchial provocation test can cause airway con-
striction by chemical, physical or biological provocation
so that bronchial hyperresponsiveness (BHR) can be
judged by measuring the change in pulmonary function
before and after the provocation; this is of great value

in diagnosing or excluding CVA. However, the test is
time-consuming and requires specialized equipment
and professional staff. Moreover, they have a high risk
of inducing severe bronchospasm, and it is difficult to
popularize their use in primary hospitals. All these fac-
tors lead to the misdiagnosis and missed diagnosis of
CVA. Studies have shown that approximately 80.82%
of chronic cough patients were misdiagnosed with
chronic bronchitis or laryngitis, and approximately
91.58% of chronic cough patients used antibiotics (4).
It is essential to find an easy and quick examination
method to diagnose the pathogenesis of cough earlier.

Nitric oxide (NO), catalyzed by the inducible nitric
oxide synthase (iNOS) in airway epithelial cells, is pro-
duced by the conversion of L-arginine (5). Therefore,
the fractional exhaled nitric oxide (FeNO) is associated
with Th2 cell-mediated airway inflammation. Recent
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studies have demonstrated that FeNO is a biomarker
of airway inflammation, has a significant correlation
with induced sputum eosinophilia and plays an
important role in the etiology of chronic cough (6–10).
Furthermore, a meta-analysis suggested that FeNO has
moderate diagnostic value for predicting CVA in
patients with chronic cough, with an AUC of 0.87,
a diagnostic specificity of 85% and a sensitivity of
72% (11).

Asthma is initially considered a chronic inflamma-
tory disease predominantly involving the large air-
ways. However, pathologists have found that in
asthma patients, inflammation of the peripheral air-
ways is more severe than that of the central airways
(12). Perez et al (13) demonstrated that small airway
obstruction could be found in asthmatic patients with
normal forced expiratory volume in 1 s (FEV1) and
FEV1/FVC. The maximal mid-expiratory flow
(MMEF), defined as the mean forced expiratory flows
at 25–75% of the forced vital capacity (FVC), reflects
the functional status of the small airways. MMEF
promises to be a better indicator of BHR and eosino-
philic inflammation than FEV1, which is important
for the diagnosis of asthma (14).

Allergic rhinitis (AR) is a noninfectious inflamma-
tory disease of the nasal mucosa mediated by
immunoglobulin E (IgE) after exposure to allergens. It
is closely related to asthma, and the incidence of
asthma complicated with AR is as high as 60–80%.
Because allergic rhinitis has an effect on FeNO levels
(15), our study was conducted to evaluate the role of
FeNO and MMEF in the diagnosis of CVA in patients
with chronic cough with or without allergic rhinitis.

Materials and methods

Subjects

We retrospectively collected information from con-
secutive patients with chronic cough who underwent
FeNO and spirometry tests at Zhujiang Hospital of
Southern Medical University from August 2017 to
July 2018. The inclusive criteria were as follows: (1)
18–75 years old; (2) cough as the sole or predominant
symptom lasting for at least 8 weeks, with no radio-
graphic evidence of lung diseases; (3) no treatment
with corticosteroids within the past 4 weeks; and (4)
no fever, blood-stained sputum or active respira-
tory infection.

According to current international or national clin-
ical guidelines (1, 3), the criteria for defining CVA
were (1) cough as the sole or predominant symptom;
(2) demonstration of BHR and/or variable airway

obstruction; and (3) a good treatment response to
asthma therapy (bronchodilators and glucocorticoste-
roids). Chronic cough except CVA was diagnosed as
Cough variant asthma (NCVA). The criterion for
defining allergic rhinitis (AR) was the combination of
history, allergy diagnosis such as skin prick tests
(SPTs) and allergen specific IgE in serum to confirm
the correlation between the characteristic symptoms,
such as rhinorrhea, nasal obstruction, sneezing, nasal
itch, and potential allergens (16). In this study, the
provocative dose of methacholine causing a 20% fall
in FEV1 (PD20) was adopted as the marker for BHR.
BHR was defined as a PD20 at less than 2.504mg.
When the patient inhaled salbutamol 400 lg, the
FEV1 increased by more than 12% and the absolute
value increased by more than 200ml after 15min, or
the daytime variability rate of peak expiratory flow
(PEF) of the patient was more than 20%, indicating
the existence of variable airway obstruction.

This study was approved by the ethics committee
of Zhujiang Hospital of Southern Medical University
(2019-KY-044-01). The need for individual consent
was waived by the committee due to the retrospective
nature of the study.

FeNO

FeNO was performed using a NIOX MINO
(Aerocrine, Sweden) portable instrument at a constant
flow rate of 50ml/s and was performed in accordance
with the ATS/ERS recommendations (17). Before the
test, subjects were confirmed as not having therapy
which might affect the results.

Spirometry

Spirometry was performed using the Jaeger Masterscreen
device (Jaeger GmbH, Wurzburg, Germany) according to
the recommendation of American Thoracic Society
(ATS)/European Respiratory Society (ERS) (18).

Statistical analysis

The normality of the distributions of all continuous
variables was tested using the Kolmogorov-Smirnov
method. Normally distributed variables are described
as the mean (SD), whereas non-normally distributed
variables are described as the median (range).
Comparisons between parameters of CVA and NCVA
were performed using independent sample t-test or
Mann-Whitney U test based on the data distribution
normality. Enumeration variables are expressed as
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numbers (percentages) and were analyzed using the
chi-square test. The diagnostic values of single or
combined parameters for CVA were evaluated using
receiver operating characteristic (ROC) curves.
Differences in areas under the curves (AUCs) between
rhinitis and non-rhinitis subjects were assessed by the
DeLong test. A two-sided p values < 0.05 was consid-
ered statistically significant. ROC curve analysis was
performed with MedCalc Version 18.2.1 (MedCalc,
Mariakerke, Belgium). Other statistical analysis were
performed using IBM SPSS Statistics 19.0 (IBM
Corporation, Armonk, NY, USA).

Results

Clinical data from 328 patients matched with the
inclusion criteria were included. The bronchial provo-
cation test was performed in 317 patients, 117 of
whom were positive. Eleven subjects were tested with
bronchodilation tests, and 8 of them were positive.
Therefore, 125 (38.1%) subjects were diagnosed with
CVA, and 203 (61.9%) patients were diagnosed with
NCVA. A comparison of the clinical characteristics
between the CVA and NCVA groups, including
smoking history, spirometry and FeNO, is shown in
Table 1. As illustrated in the table1, FeNO levels were
significantly higher in patients with CVA (P< 0.001).
The proportion of rhinitis subjects was 43.2% among

those with CVA, which was higher than the propor-
tion of the NCVA group (P< 0.05). In contrast, the
results of spirometry (FEV1, FEV1/FVC, PEF, MMEF,
MEF75, MEF50 and MEF25) were significantly lower
in the CVA group than in compared with the NCVA
group (P< 0.001). No significant difference was found
in other parameters.

The FeNO level of the CVA group [36 (5–188)
ppb] was significantly higher than that of the NCVA
group [16 (5–121) ppb] (p< 0.001) according to the
Mann-Whitney U test (Table 2). The proportion of
patients with allergic rhinitis was significantly higher
in the CVA group than in the NCVA group
(P< 0.001), and the level of FeNO was higher in
asthma patients with allergic rhinitis than in those
without allergic rhinitis. In addition, we further per-
formed the Mann-Whitney U test to evaluate the
effects of allergic rhinitis (Table 2). The results
showed that FeNO levels were significantly higher in
the CVA group than in the NCVA group in patients
both with and without allergic rhinitis (P< 0.001).

Significant differences in the values of parameters
(FeNO, FEV1, FEV1/FVC, PEF, MMEF, MEF75,
MEF50, and MEF25) were found between the CVA
and NCVA groups, therefore, these may be potential
diagnostic indicators for differentiating CVA from
chronic cough. ROC curves were constructed to
evaluate the value of these parameters for distin-
guishing CVA from NCVA. The AUCs and optimal
cutoff values were calculated (Table 3). As shown in
Table 3, the largest AUCs for diagnosing CVA were
those of FeNO (AUC, 0.765), MMEF (AUC, 0.771)
and MEF50 (AUC, 0.780), for which the optimal cut-
off points were 24.50 ppb, 66.20% and 73.70%,
respectively.

Table 1. Comparison the characteristics of CVA and NCVA (N¼ 328).
Parameter CVA(n¼ 125) NCVA(n¼ 203) p

Age, year 43(16-78) 38 (17-79) 0.224
Male/female, n 47/78 98/105 0.059
Height, cm 160(142-184) 162(140-190) 0.084
Weight, kg 61(39-96) 60(39-98) 0.476
Rhinitis, n [%] 54 [43.2] 60 [29.6] 0.012
Smoking history, n [%] 40 [32.0] 68 [33.5] 0.779
FeNO, ppb 36(5-188) 16(5-121) 0.000
FVC, % predicted 103.8 (14.1) 104.0 (14.0) 0.886
FEV1, % predicted 95.4(12.4) 101.9(13.3) 0.000
FEV1/FVC, % 76.4(63.1-95.9) 82.3(65.2-98.6) 0.000
PEF, % predicted 89.0(14.5) 95.7(15.2) 0.000
MMEF, % predicted 58.6(24.9-121.1) 81.6(36.6-155.1) 0.000
MEF75, % predicted 85.3(16.7) 99.1(17.8) 0.000
MEF50, % predicted 64.2(27.8-130.7) 89.6(39.1-168.6) 0.000
MEF25, % predicted 49.8(17.8-137.3) 70.8(28.9-161) 0.000

Data are expressed as mean (SD) or median (range), unless indicated otherwise.
CVA, cough variant asthma; NCVA, non-cough variant asthma; FeNO, fractional exhaled nitric oxide; ppb, parts per billion; FVC, forced vital capacity; FEV1,
forced expiratory volume in 1 s; PEF, peak expiratory flow; MMEF, forced expiratory flow between 25 and 75%; MEF75, forced expiratory flow at 75% of
the FVC; MEF50, forced expiratory flow at 50% of the FVC; MEF25, forced expiratory flow at 25% of the FVC.

Table 2. Comparison of FeNO values between CVA and NCVA.
CVA(n¼ 125) NCVA(n¼ 203) p

All patients 36 (5-188) 16 (5-121) <0.001
�Rhinitis 55(n¼ 54) (11-188) 23(n¼ 60) (5-121) <0.001
�Non-Rhinitis 25(n¼ 71) (5-129) 14(n¼ 143) (5-50) <0.001

Data are expressed as mean (SD) or median (range), unless indicated otherwise.
FeNO, fractional exhaled nitric oxide; ppb, parts per billion; CVA, cough
variant asthma; NCVA, non-cough variant asthma.
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To increase the diagnostic value, we further performed
ROC analysis using indexes combining FeNO and small
airway parameters (MMEF or MEF50) (Figure 1). The
AUC of FeNO combined with MMEF was 0.877, with
optimal cutoff points of 22ppb for FeNO and 62.6% for
MMEF. The AUC for the combination was significantly
higher than the AUCs of FeNO or MMEF alone
(P< 0.05). Additionally, the AUC of FeNO combined
with MEF50 was 0.873, with optimal cutoff points of
44ppb for FeNO and 90.6% for MEF50. The AUC of
the combination was also significantly higher than the
AUCs of either parameter alone (P< 0.05).

FeNO levels increase when patients have allergic
rhinitis. Therefore, ROC curve analysis was performed
to determine the ability of FeNO alone or in combin-
ation with MMEF to distinguish CVA from chronic
cough in patients with or without allergic rhinitis
(Figure 2). The ROC curve analyses in different
groups showed different cutoff levels for FeNO levels:
24.5 ppb (with a sensitivity of 94.44% and a specificity
of 55.00%) for rhinitis subjects and 33.5 ppb (with a
sensitivity of 40.85% and a specificity of 93.01%) for
non-rhinitis subjects. The AUC in rhinitis subjects
(0.820) was higher than that in non-rhinitis subjects

Table 3. Optimal cutoff values for the prediction of CVA.
Parameter Cutoff AUC(95%CI) Sensitivity Specificity PPV(%) NPV(%) PLR NLR

FeNO, ppb 24.50 0.765(0.710-0.820) 69.60 72.91 61.27 79.57 1.58 0.26
FVC, % predicted 89.70 0.508(0.443-0.573) 20.00 86.70 48.08 63.77 0.93 0.57
FEV1, % predicted 90.45 0.635(0.574-0.697) 39.20 82.27 57.65 68.72 1.36 0.46
FEV1/FVC, % 77.97 0.739(0.681-0.797) 62.40 80.30 66.10 77.62 1.95 0.29
PEF, % predicted 82.75 0.622(0.560-0.685) 36.80 83.25 57.50 68.15 1.35 0.47
MMEF, % predicted 66.20 0.771(0.719-0.824) 67.20 78.33 65.63 79.50 1.91 0.26
MEF75, % predicted 81.85 0.717(0.660-0.773) 49.60 83.25 64.58 72.84 1.82 0.37
MEF50, % predicted 73.70 0.780(0.729-0.830) 67.20 76.85 64.12 79.19 1.79 0.26
MEF25, % predicted 54.85 0.731(0.675-0.788) 62.40 78.33 63.93 77.18 1.77 0.30

Data are expressed as mean (SD) or median (range), unless indicated otherwise.
AUC, Area under the curve; FeNO, fractional exhaled nitric oxide; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; PEF, peak expiratory
flow; MMEF, forced expiratory flow between 25 and 75%; MEF75, forced expiratory flow at 75% of the FVC; MEF50, forced expiratory flow at 50% of
the FVC; MEF25, forced expiratory flow at 25% of the FVC; PPV, positive predictive values; NPV, negative predictive values; PLR, positive likelihood ratios;
NLR, negative likelihood ratios.�The cutoff points were obtained by maximizing the sum of sensitivity and specificity (maximum Youden index).

Figure 1. (A) ROC curves for FeNO combined with MMEF in predicting CVA (n¼ 328).(B) FeNO combined with MEF50 in predicting
CVA (n¼ 328). AUC, Area under the curve; MMEF, forced expiratory flow at 25–75% of forced vital capacity; MEF50, forced expira-
tory flow at 50% of the forced vital capacity; FENO, fractional exhaled nitric oxide.

4 L.-C. CHEN ET AL.



(0.707) (Figure 2A). For rhinitis subjects, the AUC of
FeNO combined with MMEF was 0.894, with a sensi-
tivity of 79.63% and a specificity of 88.33%. The cut-
off point for identifying CVA from chronic cough
was 36 ppb for FeNO and 67.7% for MMEF. For
non-rhinitis subjects, the AUC of FeNO combined
with MMEF was 0.857, with a sensitivity of 85.92%
and a specificity of 69.23%. The cutoff point for
identifying CVA from chronic cough was 15 ppb for
FeNO and 69.7% for MMEF.

Discussion

Cough is an important defense mechanism of the
human body that can help discharge respiratory secre-
tions. However, long-term cough may cause hoarse-
ness, anxiety, insomnia and other discomforts, greatly
affecting the daily lives of patients. Chronic cough
(>8weeks) is one of the most widespread and
troublesome nonspecific symptoms in patients visiting
respiratory clinics (19). Asthma is one of the main
causes of chronic cough. The results of our study
indicated that CVA accounted for approximately 40%
of patients with chronic cough. Lai et al (20) showed

that CVA accounted for 32.6% of chronic cough. The
possible reasons for this inconsistency might be differ-
ences in the selection criteria and retrospective bias.
The diagnosis of CVA is based on laboratory evidence
of BHR and therapeutic efficacy (1). However, the
BHR test is expensive, time-consuming and has highly
technical requirements for operators, which limits its
popularization. In contrast, with the advantages of
safety, rapidity and simplicity, spirometry and FeNO
tests are available in most primary hospitals. In this
study, we investigated the value of MMEF and FeNO
in differentiating CVA patients among those chronic
cough. Because FeNO is affected by allergic diseases
such as allergic rhinitis, additional analysis was per-
formed to evaluate the effects of allergic rhinitis.

The results of our study showed that FeNO,
MMEF and MEF50 might be effective indicators for
distinguishing between CVA and NCVA. The sensi-
tivity, specificity, positive predictive value and nega-
tive predictive value of FeNO for predicting CVA
were 69.60%, 72.91%, 61.27% and 79.57%, respect-
ively. The cutoff point was 24.5 ppb. Kowal et al (9)
found that the optimal diagnostic cutoff point for
FeNO was 40 ppb (sensitivity, 88.3%, specificity,

Figure 2. (A) ROC curve analysis of FeNO for CVA diagnosis. (B) ROC curve analysis of FeNO combined with MMEF for CVA diagno-
sis. AUC, Area under the curve; FeNO, fractional exhaled nitric oxide; MMEF, forced expiratory flow at 25–75% of forced
vital capacity.
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82.6%). Yi F et al (21) showed that FeNO could be
used to distinguish CVA from chronic cough, and the
best cutoff point was 33.5 ppb (sensitivity, 69.6%, speci-
ficity, 85.1%). Our study showed lower optimal cutoff
points and specificity, a possible explanation for which
might be the differences in inclusion criteria and sam-
ple size. In addition, our study showed that the nega-
tive predictive value of CVA for FeNO, MMEF and
MEF50 is higher than the positive predictive value.
This means that low FeNO, high MMEF and high
MEF50 are more likely to exclude asthma, while
patients with high FeNO, low MMEF and low MEF50
need further examinations to determine the cause.

Allergic rhinitis is a common chronic airway dis-
ease that is similar to asthma in terms of pathogen-
esis, mechanism, heritability, local pathology, and
immunity (22). Consistent with previous studies, in
our study, the proportion of patients with allergic
rhinitis in the CVA group was much higher than that
in NCVA group. Prior reports have shown that FeNO
has a certain value for the diagnosis of allergic rhinitis
(23), and several studies have shown that asthma
patients with allergic rhinitis have higher FeNO values
than do those without allergic rhinitis (15, 24).
Besides, it is now well established that airway inflam-
mation due to asthma occurs mainly in the small air-
ways, which play a major role in the pathophysiology
of asthma (25). Small airway dysfunction exists in
patients with both severe and mild asthma. Malerba
et al (14) found that MMEF might be a marker for
predicting asthma by analyzing the results of FeNO
tests, spirometry, BHR tests and induced sputum
examinations in 400 adults with asthma-like symp-
toms. Mu~noz-L�opez et al (26) further confirmed that
MMEF was more effective than FEV1 for identifying
airway BHR and airway dysfunction. The values of
small airway parameters (MMEF, MEF50, and
MEF25) in the CVA group were significantly lower
than those in the NCVA group. When the MEF50
was <73.70%, the area under the curve was 0.780.
When the MMEF was <66.20%, the area under the
curve was 0.771. This result suggested that the small
airway index had a certain value for the diagnosis of
CVA. The AUC of FeNO combined with MMEF was
0.877 (with cutoff points of >22 ppb for FeNO and
<62.6% for MMEF), which was significantly higher
than the AUCs of FeNO or MMEF alone. The AUC
of FeNO combined with MEF50 was 0.873 (with cut-
off points of >44ppb for FeNO and <90.6% for
MMEF), which showed significantly better diagnostic
value of the combination of parameters for CVA than
either parameter alone (P< 0.05). The conclusion of

our study is in agreement with the findings of previ-
ous studies (27,28). Because the combination of
indexes significantly improves the diagnostic value,
they may assist in the identification of CVA in
chronic cough patients.

Matsunaga et al (29) suggested that the effects of
allergic rhinitis and smoking should be considered
when interpreting the results of FeNO. Because allergic
rhinitis increases FeNO levels, the diagnostic value of
FeNO in patients with allergic rhinitis may be overesti-
mated. Therefore, we performed another ROC analysis
on the basis of the presence of allergic rhinitis, and
found that the diagnostic accuracy of FeNO for pre-
dicting CVA in chronic cough patients with allergic
rhinitis was higher than in chronic cough patients
without allergic rhinitis. The optimal cutoff value of
FeNO for differentiating CVA from chronic cough
patients with allergic rhinitis was >24.5 ppb (sensitivity:
94.44%, specificity: 55.00%). The optimal cutoff value
of FeNO for differentiating CVA from chronic cough
in patients without allergic rhinitis was >33.5 ppb (sen-
sitivity: 40.85%, specificity: 93.01%), suggesting that the
reduction in FeNO suggests NCVA in chronic cough
patients, especially in patients without allergic rhinitis.

There were limitations in our study. First, because
this was a retrospective study, some of the inherent
defects and potential bias were unavoidable. Second,
FeNO as a biomarker might be influenced by factors
such as smoking. We tried to exclude cases that may
affect the results. Finally, we did not obtain complete
data regarding blood and induced sputum tests,
resulting in the inability to analyze the association
between eosinophils and FeNO.

In conclusion, FeNO and MMEF might be useful
for identifying CVA in patients with chronic cough
and might have a greater value as a negative predict-
ive parameter in distinguishing CVA. The combin-
ation of FeNO and MMEF (or MEF50) provided a
significantly better prediction of CVA than did either
parameter alone. When FeNO is >22 ppb and MMEF
<62.6%, the predictive value for the diagnosis of CVA
is the highest. Besides, it is worth noting that FeNO
>24.5 ppb is sensitive for the prediction of CVA in
chronic cough patients with allergic rhinitis, while
FeNO >33.5 ppb is specific in patients without allergic
rhinitis.
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