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Objective. The concentration of exhaled NO and CO is considered as a candidate marker of respiratory inflammatory disease. This
report discusses the exhaled NO and CO in the auxiliary diagnosis and evaluation of allergic rhinitis (AR). Methods. 60 AR
patients from October 2017 to March 2019, compared with 30 healthy controls. The severity of AR disease was distinguished
by symptom score. Both groups were tested for exhaled nitric oxide through the nose or mouth and exhale carbon monoxide
through the mouth. AR patients received glucocorticoid nasal spray for 1 month and were tested again for nNO, eNO, eCO,
and symptom score. Results. Before treatment, all the nNO, eNO, and eCO of the AR group were higher than the control
group. There were differences in the severe and moderate subgroup: severe > moderate > mild. eCO was not significantly
different between the mild and control groups. The nNO, eNO, and eCO levels were positively correlated with symptom score.
After treatment, nNO decreased significantly in the three subgroups; eNO and eCO in the severe AR group decreased
significantly. Drawing the ROC curve, the area under curve (AUC) of nNO is 0.978. The AUC of eNO and eCO was 0.786 and
0.577, respectively. Conclusion. The nNO, eNO, and eCO in the AR group are higher than healthy people, which positively
correlated with the severity of AR symptoms. The detection of nNO, eNO, and eCO can monitor the changes of AR. The
detection of nNO level as an indicator of AR auxiliary diagnosis has high accuracy.

1. Introduction

The increasing incidence of allergic rhinitis (AR) in recent
years severely affects the patients’ quality of life. In clinical
work, we mainly diagnose AR by asking patients about their
allergy history, clinical manifestations, and the results of
invasive allergen testing. But the severity of AR mainly
depends on the symptom score subjectively, and the accu-
racy of the evaluation results is poor due to the different tol-
erance of patients [1, 2]. Along with the concept
presentation of “noninvasive detection technology,” more
and more noninvasive and objective methods for evaluating
the degree of airway inflammation were proposed. Breath
detection is a widespread concern, owing to exhaled gas
composition and its concentration that are different in vari-

ous diseases or the same diseases with different severity, so
the detection of some gas composition and its concentration
in exhaled gas can diagnose and monitor the disease, provid-
ing a new idea for auxiliary diagnosis and disease assessment
of AR [3, 4].

Nitric oxide (NO) is the first gas molecule found to be in
the diagnosis of the disease. In 2005, the American Thoracic
Society and European Respiratory Society (ATS/ERS) issued
the exhaled oxide (eNO) measurement standard and refer-
ence range for people aged 4 to 17, and in 2011, eNO level
test has been widely used in the diagnosis and efficacy eval-
uation of asthma [5–8]. Carbon monoxide (CO) is consid-
ered as a potential signal medium to play a role in vascular
function and intracellular homeostasis at physiological con-
centration. Exhaled CO (eCO), similar to eNO, is considered
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as a candidate marker of respiratory inflammatory disease,
reflecting pathophysiological conditions such as smoking
status and inflammatory diseases of the lungs and other
organs.

In order to further investigate the correlation between
the levels of nNO, eNO, and eCO in nasal exhalation and
the severity of AR, we measured the levels of nNO, eNO,
and eCO in nasal exhalation. We also conducted data analy-
sis to explore the role of the levels of nNO, eNO, and eCO in
the auxiliary diagnosis and status monitoring of AR.
Through the analysis of the relationship between the AR
and the upper and lower airway exhaled endogenous CO
and NO levels, we explore the auxiliary diagnosis and condi-
tion monitoring of AR by testing expired endogenous NO
and CO.

2. Methods

2.1. Research Object. From October 2017 to March 2019,
according to the Guidelines for Diagnosis and Treatment
of Allergic Rhinitis (2015, Tianjin), patients who were diag-
nosed as allergic rhinitis in our outpatient department were
selected. We set inclusion criteria and exclusion criteria and
then set up the AR group and healthy control group. The AR
group, according to the symptom score, was divided into
three subgroups: mild, moderate, and severe. Both groups
are nonsmoking. The study protocol was approved by the
Ethics Committee of our hospital. All the research objects
in this experiment participate voluntarily and sign the
informed consent.

2.2. Inclusion Criteria

(1) More than 2 (including 2) symptoms such as sneez-
ing, water-like nasal discharge, nasal congestion and
nasal itching, and last or accumulate for more than
0.5-1.0 hour every day, which can be accompanied
by eye itching, conjunctival congestion, and other
eye symptoms

(2) Skin prick test and/or serum specific IgE (SIgE)
positive

(3) Symptoms ≥ 4 days/week

(4) Inflammatory changes of nasal mucosa: pallor,
edema, and nasal watery secretion

(5) Objects can actively cooperate with relevant exami-
nation and treatment

2.3. Exclusion Criteria

(1) Patients with asthma, nasal polyps, sinusitis, or other
inflammatory diseases of the upper and lower
airways

(2) Patients with a history of nasal sinus surgery, mark-
edly deviation of the septum leading to prolonged
nasal congestion or significant abnormalities of the
nasal anatomical structure

(3) Patients with abnormal cardiopulmonary functions
or long-term medication

(4) Smokers, respiratory infections, and systemic or local
use of glucocorticoid drugs within the last 4 weeks

(5) Patients with allergic rhinitis were treated with sys-
temic or local drugs such as antihistamine in the last
4 weeks

2.4. Symptom Scores. Symptom intensity is scored by the
four-point method: 0 points: asymptomatic; 1-3 points: mild
symptoms (mild and tolerable); 4-6 points: moderate symp-
toms (obvious but not enough to interfere with normal daily
activities or sleep at night); and 7-10: severe symptoms
(enough to interfere with daily activities or sleep at night).
According to the result of the symptom score and disease
severity, the AR group was divided into three subgroups:
mild, moderate, and severe. The scores 0 and 3 were classi-
fied as the mild subgroup, 4 as the moderate subgroup,
and 7 as the severe subgroup.

2.5. Determination of nNO. The Nakoulam respiratory ana-
lyzer SUNVOU-CA2122 (product No. SVP003170802024)
was manufactured by Wuxi Shangwo Medical Electronics
Co., Ltd. Strictly follow the instructions.

Empty the nitric oxide in the instrument, and then place
the olive-shaped nose probe on one of the participants’ front
nostrils to connect the nasal catheter with the nose probe.
Then, click the device to start, the instrument inhales gas
continuously in the nasal cavity of the participant through
the connecting tube (the speed is 10ml/s), and then instructs
the participant to continue whistling, at this time, the soft
palate is closed, blocking the airway gas mixed with the nasal
cavity until the end of the nasal cavity measurement display
time. The unit is ppb.

2.6. Determination of eNO. Empty nitric oxide in instru-
ment, let the participants sit, plug the filter and breathe into
the filter until the inspection mark down to the lowest, then
exhale, and guide the objects in the course of the breath as
far as possible to keep the indicator in the designated areas.
While the expiratory flow is50 ± 5ml/s and expiratory pres-
sure is 5-20 cm H2O, the soft palate is closed, blocking the
nasal gas into the lower airway until the displayed time
reaches the end. Unit is the ppb.

2.7. Determination of eCO. Empty carbon monoxide in
instrument, let the participants sit, plug the filter, begin to
breathe through the mouth, make the air without carbon
monoxide into the lungs until totally, hold breath for 5 sec-
onds, the pulmonary circulation takes away inhaled CO in
the air, then begin to exhale, and guide the objects breath
as far as possible to keep the indicator in the designated
areas, while the soft palate is closed at this time, blocking
the nasal gas into the lower airway until the displayed time
reaches the end. Unit is the ppm.

2.8. Glucocorticoid Nasal Spray Method of Use in the AR
Group. In patients with AR, we use glucocorticoid nasal

2 Mediators of Inflammation



spray, mometasone furoate nasal spray, for treatment with-
out taking other drugs:

(1) Clean the nasal cavity before using general glucocor-
ticoid nasal spray, and shake the liquid well (exhale
gently before spraying to clear the nostrils)

(2) Tilt your head slightly forward, press the other nos-
tril by hand (avoid spraying directly toward the nasal
septum), and then squeeze the bottle with your
thumb steadily and rapidly to spray the liquid in a
fog into one side of the nasal cavity

(3) Spray twice on each side of the nasal cavity every
morning and evening for one month

(4) At the end of glucocorticoid treatment, determine
the nNO, eNO, eCO, and symptom scores again as
described

2.9. Statistical Analysis. SPSS24.0 and Excel software are
used for statistical processing of the data; the data were pre-
sented in the form of mean ± standard deviation (x ± s). The
t-test is used to perform statistical tests on the general data
and the level of test indicators; p < 0:05 was considered sta-
tistically significant; the Pearson correlation is used for cor-
relation analysis, and p < 0:05 was considered statistically
significant. The receiver operating characteristic (ROC)
curve is used to evaluate the recognition ability of the
nNO, eNO, and eCO for AR. The greater the area under
curve (AUC) value is, the higher the accuracy of the auxil-
iary diagnosis of the corresponding indicators will be.

3. Results

3.1. Comparative Analysis of Basic Data. The AR group
included 60 patients with allergic rhinitis, the control
group included 30 healthy patients, baseline data (age,
gender, height, and weight) of the AR group and control
group are used for descriptive statistics using mean ±
standard deviation (x ± s), and p values are all greater
than 0.05 obtained by t-test, which means no statistically
significant differences in the baseline data (Table 1) of
the two groups.

3.2. Comparison of the nNO, eNO, and eCO Levels between
the AR Group and Control Group. The results of nNO,
eNO, and eCO show that the nNO level in the AR group is
685:83 ± 182:41ppb, eNO level is 27:31 ± 13:40ppb, and
eCO level is 3:14 ± 1:04ppb. The level of nNO, eNO, and
eCO is increased compared with the control group, and
the differences of nNO and eNO between the AR group
and CON group are statistically significant (Figure 1(a)). In
the analysis of the expression levels of nNO, eNO, and
eCO, we found that the expression levels of nNO and eCO
and eNO and eCO were significantly different, but there
was no difference between the expression levels of nNO
and eNO (Figure 1(b)). To study the correlation between
the expression levels of nNO, eNO, and eCO, we performed
the Pearson correlation analysis. And we found that the
expression levels of nNO and eCO (R2 = 0:21, p < 0:01),

eNO and eCO (R2 = 0:18, p < 0:01), and eNO and nNO
(R2 = 0:23, p < 0:01) have a certain correlation (Figures 1(c)
and 1(e)). Although R2 was less than 0.5, p was less than 0.01.

3.3. The Levels of nNO, eNO, and eCO in the AR Group Are
Correlated with the Severity of the Symptoms. According to
the AR condition rating scale, the AR group was divided into
three subgroups: severe, moderate, and mild, according to
the results of the symptom score and the severity of the dis-
ease. We found that the levels of nNO, eNO, and eCO in
severe AR subgroups were higher than those in moderate
and mild AR subgroups. However, there was no difference
between the control group and mild AR subgroup in eNO
and eCO, and there was no difference in eCO in moderate
AR subgroup, with p value greater than 0.05 (Figure 2).

3.4. Correlation Study of the nNO, eNO, and eCO with
Symptom Scores in AR Group. To study the correlation
between the severity of AR symptoms and the level of
nNO, eNO, and eCO, we used the Pearson correlation anal-
ysis to show that the nNO level was positively correlated
with the symptom score in AR patients (R2 = 0:8, p < 0:05),
the eNO level was positively correlated with the symptom
score in AR group (R2 = 0:2, p < 0:05), and the eCO level
was positively correlated with the symptom score in AR
group (R2 = 0:7, p < 0:05) (Figures 3(a)–3(c)).

3.5. Changes of nNO, eNO, and eCO after 1 Month of
Glucocorticoid Nasal Spray Treatment. We measured the
levels of the nNO, eNO, and eCO in the mild, moderate,
and severe subgroups before and after treatment and ana-
lyzed the significance by paired t-test. The levels of the
nNO, eNO, and eCO were significantly decreased in patients
with severe AR after treatment compared with those before
treatment with glucocorticoid. In the moderate AR group,
only nNO level was decreased, while eNO and eCO levels
were not statistically significant. The changes of nNO,
eNO, and eCO level in patients with mild AR were not sta-
tistically significant (Figures 3(d)–3(f)).

3.6. The nNO, eNO, and eCO Were Used as Indicators for
Auxiliary Diagnosis of AR, and Draw the ROC Curve. The
ROC curve was drawn using nNO value as an indicator for
auxiliary diagnosis of AR (the area under the
curveAUC = 0:978,p < 0:001). When the boundary value of
the nNO measurement has taken 516 ppb, the sensitivity
and specificity are both high (91.7%, 96.7%), while the spec-
ificity was 96.7%. The ROC curve was plotted alike using
eNO and eCO values as diagnostic indicators of AR (the area

Table 1: Comparison of patient information between the AR group
and control group (x ± s).

Patient information AR group Control group p

Age 25:0 ± 6:3 27:0 ± 8:4 p = 0:365
Gender 24/36 13/17 p = 0:705
Height 174:3 ± 9:2 176:2 ± 7:5 p = 0:665
Weight 68:2 ± 11:0 67:1 ± 8:8 p = 0:831
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Figure 1: Continued.
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under the curveAUC = 0:786,p < 0:001, and (AUC = 0:577
,p = 0:445) (Figure 4). As an indicator for auxiliary diagnosis,
the accuracy was relatively low.

4. Discussion

AR, as the most common type of rhinitis, is a type I allergic
disease mediated by IgE. The clinical diagnosis of AR is
mainly based on the patient’s typical history of allergy, pres-
ent symptoms, and invasive allergen test results [9, 10], but
this diagnostic method of classic has some defects, such as
invasive testing that is not well accepted by patients, and
the determination results unable to distinguish the severity
of the disease still need to be graded according to the symp-
tom score. But this symptom score for severity is subjective
and ignores the assessment of inflammation in the upper
and lower airways. However, the long-term existence of
upper and lower airway inflammation will cause irreversible
changes in the upper and lower airway microenvironment,
leading to the onset of chronic sinusitis, asthma, etc. [2, 9].
In view of this, it is of great significance for clinical diagnosis
and treatment to find a practical and objective method to
monitor the respiratory inflammation of AR patients.

Noninvasive airway inflammation has gained increasing
attention with the introduction of the concept of “inflammo-
metry.” More and more researchers are involved in the field.
In addition, NO is synthesized from L-arginine catalyzed by
nitric oxide synthase with high lipid solubility and active

properties. Endogenous NO can play a physiological role
in vascular tension and homeostasis, such as NO produced
in the upper and lower airways that can inhibit the growth
of bacteria, viruses, fungi, and tumor cells; therefore, it can
protect the upper and lower airways [11]. Endogenous CO
is also a kind of low molecular weight gas. Although the dis-
covery of endogenous CO is more than 20 years earlier than
that of endogenous NO, it had been regarded as a waste
product generated in the body for a long time. As a result,
CO was ignored by researchers. Studies in recent decades
have attempted to determine the physiological significance
of endogenous CO production, which includes the gas’s role
in vascular function, inflammation, and neuronal signaling
mediator. The study by Shaoqing et al. reported that HO-1
level in AR guinea pigs was positively correlated with endog-
enous CO and the endogenous CO level of AR guinea pigs
was higher than that of the control group [12]. In recent years,
it has been found that the levels of NO and CO in the exhaled
breath of AR patients were increased. The detection of endog-
enous level ofNO andCO in exhale for AR diagnosis and con-
dition monitoring has attracted more and more attention
from researchers in the field of otolaryngology.

The results of this study showed that the nNO level of
AR group was higher than that of the control group, and
the difference was statistically significant. At the same time,
the nNO level of patients with mild AR was also higher than
that of the control group, which was consistent with the con-
clusions of other studies. The increase of nNO level in AR
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Figure 1: (a) Comparison of the nNO, eNO, and eCO levels between the AR group and control group (x ± s); (b) comparison of the nNO,
eNO, and eCO expression levels (x ± s); (c) correlation analysis of nNO and eCO, R2 = 0:21, p < 0:01; (d) correlation analysis of eNO and
eCO, R2 = 0:18, p < 0:01; (e) correlation analysis of eNO and nNO, R2 = 0:23, p < 0:01.
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has a variety of pathophysiological effects, including vasodi-
lation and changes of sensory nerve endings, so it aggravated
nasal congestion, nasal leakage, and sneezing. In other
words, the higher the nNO level, the more severe the symp-
toms would be. As shown in the results of this study, the
nNO level of the severe AR subgroup was higher than that
of the moderate and mild AR subgroups (p < 0:05), so did
the correlation analysis showing that the nNO level was pos-
itively correlated with the severity of the symptoms of AR
patients (r = 0:506, p < 0:05). But Lee et al. and Baraldi
et al. study the nNO level by comparing different severity
of patients with AR and found that the nNO level of
patients with severe AR is below than that of moderate
AR patients, while the conclusion was that there was no
significant correlation between the level of nNO and the
severity of the symptoms in AR patients [13, 14]. This con-
tradiction that we consider may be that severe AR patients
had serious nasal and sinus mucosa edema, which caused
the sinus and nasal congestion; thus, NO diffusion is
blocked and lowers the detection of nNO. And this study

also detected that the nNO in sectional patients with severe
AR was not high, even lower than the average level of the
normal control group, but these kinds of patients with severe
AR were less in our study. In view of this, we recommend
that clinicians use nNO as monitoring control in AR
patients, necessarily nNO level should be combined with
symptom severity. We also compared and analyzed the dif-
ferences between the expression levels of nNO, eNO, and
eCO and found that nNO/eCO and eNO/eCO have significant
statistical differences, but the expression levels of nNO/eNO
had no statistical difference. The exhaled CO is similar to the
exhaled NO, which is considered to be a candidate marker of
respiratory inflammatory disease. So the differential expres-
sion levels of nNO/eCO and eNO/eCOmay play an important
role in the diagnosis of AR. The level of nNO/eNO may have
homology, so there is no statistical difference.

The eNO level in AR group was higher than those in the
normal control group (p < 0:05), and eNO level in severe AR
subgroup was higher than those in patients with moderate or
mild AR (p < 0:05), and eNO level was positively correlated
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Figure 2: The levels of nNO, eNO, and eCO in the three subgroups of AR were higher than those in the control group, and the differences
were statistically significant except for eNO in mild AR group (p = 0:24) and eCO in moderate AR group (p = 0:052).
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with the severity of the symptoms (R = 0:461, p < 0:05) [15,
16]. Lee et al. study the eNO by comparing patients with aller-
gic rhinitis (without asthma) and normal control group and
found that the eNO level of patients with AR was higher than
that of the control group, while the eNO level of patients with
severe AR is higher than that of patients with mild and mod-

erate AR [13]. Baraldi et al. study the eNO level by comparing
the seasonal allergic rhinitis patients and healthy volunteers,
and the eNO level in symptomatic and asymptomatic AR
patients was found to be higher than those in the control group;
moreover, the eNO level in symptomatic AR patients was
higher than those in asymptomatic AR patients [14].
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Figure 3: Correlation between nNO, eNO, eCO, and symptom score in AR group. (a) The correlation between nNO level and symptom score,
R2 = 0:8, p = 0:01; (b, c) although there was a positive correlation between eNO, eCO, and symptom score, the R2 of the two groups was 0.2 and
0.71. (d) The nNO of allergic rhinitis patients in the three groups was significantly lower than that before treatment, with statistical significance;
(e, f) although eNO and eCO decreased after treatment, only in severe patients, the changes were statistically significant.
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There was no significant difference in the level of eCO
between the mild and moderate AR patients and the con-
trol group, which was consistent with the study of Shaoq-
ing et al. [12]. It may also be that the inclusion criteria in
the experiment are not strict enough or the operation of
eCO level detection is not strict enough, because the deter-
mination of eCO level is easily affected by many factors,
including the weight, age, gender, and lower airway
inflammatory diseases of the subjects [15]. Through this
study, we can see that in the role of auxiliary diagnosis
and disease monitoring of AR, the role of the determina-
tion of eCO level in AR disease monitoring needs to be
further studied, and its value in clinical application needs
to be further improved.

In this study, the detection of nNO level is used as an
indicator for AR auxiliary diagnosis, and ROC curve is
drawn. The area under the curve reached 0.978. When
the threshold value is 516 ppm, the sensitivity and specific-
ity were both high, 91.7% and 96.7%, respectively. Using
the detection of eNO and eCO as auxiliary diagnostic indi-
cators of AR, ROC curve is drawn, the area under the
curve was 0.786 (p < 0:001) and 0.577 (p = 0:445), respec-
tively. Compared with the nNO, the accuracy of eNO
and eCO for AR diagnosis was relatively low. In the study
of Lee et al., the nNO and eNO levels were detected to
assist the diagnosis of AR, and ROC curve was drawn with
AUC of 0.8527 and 0.6463, respectively [13], consistent
with the conclusion of this study. In view of this, after
excluding asthma, nasal polyps, and sinusitis, which were
the upper and lower airway inflammatory diseases, other
serious nasal septum deviation or other interference
factors, compared with the eNO and eCO, detect the
nNO as an index of auxiliary AR diagnosis having higher
accuracy, and because of its simple operation, strong
repeatability, noninvasive, and no side effect, it is worth
popularizing widely in clinical.

We believe that AR patients may have chronic lower air-
way inflammation without clinical symptoms, and the
higher the degree of inflammation in AR patients and the
higher the eNO in AR patients, it is speculated that the
greater the possibility of AR patients complicated with
chronic lower airway inflammatory disease. Takeno et al.
and Olin et al. research the correlation between the eNO
level and occurrence of wheezing in the general population
reported. The elevated NO level in the lower and middle air-
ways of objects with no respiratory symptoms as a sign of
subclinical airway inflammation, heralding the small airway
inflammation exists, will be a risk factor for the development
of asthma [17, 18]. In patients with allergic rhinitis without
asthma, the respiratory physician used eNO as a diagnostic
tool and efficacy monitoring indicator for asthma, when
the eNO increased, suggesting that the patient should be
diagnosed and treated with AR at the same time.

Data Availability

The datasets used during the current study are available
from the corresponding authors on reasonable request.

Ethical Approval

The study protocol was approved by the Ethics Committee
of our hospital.

Consent

All the research objects in this experiment participate volun-
tarily and sign the informed consent.

Disclosure

I warrant, on behalf of myself and my co-authors, that the
article is original, has not been formally published in any
other peer-reviewed journal, is not under consideration by
any other journal, and does not infringe any existing copy-
right or any other third party rights; we are the sole authors
of the article and have full authority to enter into this agree-
ment and in granting rights to BMC are not in breach of any
other obligation.

Conflicts of Interest

The authors report no conflicts of interest.

Authors’ Contributions

All authors participated in conceiving and designing this
research. Chuanliang Zhao, Mali Qin, Ling Jin, Ju Lai, and
Shaoqing Yu mainly implemented the experiments and ana-
lyzed the data to complete the final draft. Yang Wang and
Shuangxi Liu participated in some experiments and made
outstanding contributions to the article. The authors alone
are responsible for the content and writing of this manu-
script. All authors agree with the results and conclusions of
this article.

Acknowledgments

Thanks are due to all colleagues in the department who con-
tributed to this study but were not included as authors. This
work was supported by the National Science Foundation of
China (No. 81873689), the Clinical Research Plan of SHDC
(No. SHDC2020CR4090), the Clinical Science and Technol-
ogy Innovation Project of SHDC (No. SHDC12019X07), the
Health Commission Advanced Technology Promotion Pro-
ject of Shanghai City (No. 2019SY071), the Shanghai Gen-
eral Hospital Integrated Traditional Chinese and Western
Medicine (No. ZHYY-ZXYJHZX-202118), the Youth Culti-
vation Project of Tongji Hospital Affiliated to Tongji Uni-
versity (GJPY2130), and the Youth Project of Shanghai
Municipal Health Commission (20204Y0214).

References

[1] V. Kampen, T. Brüning, and R. Merget, “Serial fractional
exhaled nitric oxide measurements off and at work in the diag-
nosis of occupational asthma,” American Journal of Industrial
Medicine, vol. 62, no. 8, pp. 663–671, 2019.

9Mediators of Inflammation



[2] L. M. Wheatley and A. Togias, “Allergic rhinitis,” The New
England Journal of Medicine, vol. 372, no. 5, pp. 456–463,
2015.

[3] M. A. Elmaraghy, M. M. Hodieb, R. A. E. R. Khattab, and
M. N. Abdelgalel, “Association between TSLP gene polymor-
phism and bronchial asthma in children in Beni Suef gover-
norate in Egypt,” Comparative Clinical Pathology, vol. 27,
no. 3, pp. 565–570, 2018.

[4] A. Matucci, A. Vultaggio, E. Maggi, and I. Kasujee, “Is IgE or
eosinophils the key player in allergic asthma pathogenesis?
Are we asking the right question?,” Respiratory Research,
vol. 19, no. 1, p. 113, 2018.

[5] O. Selroos, M. Kupczyk, P. Kuna et al., “National and regional
asthma programmes in Europe,” European Respiratory
Review, vol. 24, no. 137, pp. 474–483, 2015.

[6] M. W. Pijnenburg and J. C. De Jongste, “Exhaled nitric oxide
in childhood asthma: a review,” Clinical and Experimental
Allergy, vol. 38, no. 2, pp. 246–259, 2008.

[7] L. Fleming, L. Tsartsali, N. Wilson, N. Regamey, and A. Bush,
“Longitudinal relationship between sputum eosinophils and
exhaled nitric oxide in children with asthma,” American Jour-
nal of Respiratory and Critical Care Medicine, vol. 188, no. 3,
pp. 400–402, 2013.

[8] C. Heijkenskjold-Rentzhog, P. Kalm-Stephens, L. Nordvall,
A. Malinovschi, and K. Alving, “New method for single-breath
fraction of exhaled nitric oxide measurement with improved
feasibility in preschool children with asthma,” Pediatric Allergy
and Immunology, vol. 26, no. 7, pp. 662–667, 2015.

[9] M. D. Seidman, R. K. Gurgel, S. Y. Lin et al., “Clinical practice
guideline,” Otolaryngology and Head and Neck Surgery,
vol. 152, supplement 1, pp. S1–S43, 2015.

[10] O. Pfaar, P. Demoly, R. Gerth van Wijk et al., “Recommenda-
tions for the standardization of clinical outcomes used in aller-
gen immunotherapy trials for allergic rhinoconjunctivitis: an
EAACI position paper,” Allergy, vol. 69, no. 7, pp. 854–867,
2014.

[11] S. Y. Huang, P. C. Chou, T. Y. Wang et al., “Exercise-induced
changes in exhaled NO differentiates asthma with or without
fixed airway obstruction from COPD with dynamic hyperin-
flation,” Medicine (Baltimore), vol. 95, no. 15, article e3400,
2016.

[12] Y. Shaoqing, Z. Ruxin, C. Yingjian, C. Jianqiu, W. Yanshen,
and L. Genhong, “A meta-analysis of the association of
exhaled carbon monoxide on asthma and allergic rhinitis,”
Clinical Reviews in Allergy and Immunology, vol. 41, no. 1,
pp. 67–75, 2011.

[13] K. J. Lee, S. H. Cho, S. H. Lee et al., “Nasal and exhaled nitric
oxide in allergic rhinitis,” Clinical and Experimental Otorhino-
laryngology, vol. 5, no. 4, pp. 228–233, 2012.

[14] E. Baraldi, N. M. Azzolin, S. Carra, C. Dario, L. Marchesini, and
F. Zacchello, “Effect of topical steroids on nasal nitric oxide pro-
duc -tion in children with perennial allergic rhinitis: a pilot
study,” Respiratory Medicine, vol. 92, no. 3, pp. 558–561, 1998.

[15] M. Jesenak, P. Banovcin, Z. Havlicekova, D. Dobrota, and
E. Babusikova, “Factors influencing the levels of exhaled car-
bon monoxide in asthmatic children,” The Journal of Asthma,
vol. 51, no. 9, pp. 900–906, 2014.

[16] C. Gratziou, N. Rovina, M. Lignos, I. Vogiatzis, and C. H.
Roussos, “Exhaled nitric oxide in seasonal allergic rhinitis:
influence of pollen season and therapy,” Clinical and Experi-
mental Allergy, vol. 31, no. 3, pp. 409–416, 2001.

[17] S. Takeno, Y. Okabayashi, T. Kohno, K. Yumii, and
K. Hirakawa, “The role of nasal fractional exhaled nitric oxide
as an objective parameter independent of nasal airflow resis-
tance in the diagnosis of allergic rhinitis,” Auris Nasus Larynx,
vol. 44, no. 4, 2017.

[18] A. C. Olin, A. Rosengren, D. S. Thelle, L. Lissner, and K. Torén,
“Increased fraction of exhaled nitric oxide predicts new-onset
wheeze in a general population,” American Journal of Respira-
tory and Critical Care Medicine, vol. 181, no. 4, pp. 324–327,
2010.

10 Mediators of Inflammation


	Significance of Exhaled Nitric Oxide and Carbon Monoxide in Auxiliary Diagnosis and Evaluation of Allergic Rhinitis
	1. Introduction
	2. Methods
	2.1. Research Object
	2.2. Inclusion Criteria
	2.3. Exclusion Criteria
	2.4. Symptom Scores
	2.5. Determination of nNO
	2.6. Determination of eNO
	2.7. Determination of eCO
	2.8. Glucocorticoid Nasal Spray Method of Use in the AR Group
	2.9. Statistical Analysis

	3. Results
	3.1. Comparative Analysis of Basic Data
	3.2. Comparison of the nNO, eNO, and eCO Levels between the AR Group and Control Group
	3.3. The Levels of nNO, eNO, and eCO in the AR Group Are Correlated with the Severity of the Symptoms
	3.4. Correlation Study of the nNO, eNO, and eCO with Symptom Scores in AR Group
	3.5. Changes of nNO, eNO, and eCO after 1 Month of Glucocorticoid Nasal Spray Treatment
	3.6. The nNO, eNO, and eCO Were Used as Indicators for Auxiliary Diagnosis of AR, and Draw the ROC Curve

	4. Discussion
	Data Availability
	Ethical Approval
	Consent
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



