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Abstract

Objective: The aim of this study is to investigate the clinical application value of exhaled nasal nitric 
oxide (nNO) in the pathological diagnosis and classification of epithelial remodeling in nasal polyps 
(NP).
Methods: The differences between the nNO levels in patients with NP exhibiting different types 
of epithelial remodeling and the correlations between nNO and clinical data were retrospectively 
analyzed. The diagnostic value of nNO in NP was evaluated using receiver operating characteristic 
curves.
Results: The levels of nNO in the control group were found to be significantly higher than those 
in the epithelial hyperplasia, goblet cell hyperplasia, and squamous metaplasia groups (p=0.001, 
p=0.001, p=0.02). Furthermore, the levels were found to be significantly higher in the squamous 
metaplasia group than those in the epithelial hyperplasia and goblet cell hyperplasia groups 
(p=0.025, p=0.018). The percentage and count of eosinophils in peripheral blood in the goblet 
cell hyperplasia group were significantly higher than in the control group (p=0.001). nNO levels 
were negatively correlated with the ethmoid-to-maxillary computed tomography score ratio (E/M 
ratio) and Lund-Mackay score (L-M score) in the epithelial hyperplasia group and the goblet 
cell hyperplasia group (r=-0.518, p<0.05; r=-0.640, p<0.01; r=-0.421, p<0.01; r=-0.599, p<0.001, 
respectively). Similarly, a negative correlation was identified between nNO levels and the L-M score 
in the squamous metaplasia group (r=-0.612, p<0.01). nNO levels exhibited moderate diagnostic 
value in differentiating non-chronic sinusitis patients from epithelial hyperplasia, goblet cell 
hyperplasia, and squamous metaplasia [area under the curve (AUC) =0.898, p<0.001; AUC=0.882, 
p<0.001; AUC=0.720, p=0.025, respectively].
Conclusion: nNO has been shown to have significant clinical value in the preliminary pathological 
diagnosis and prediction of NP lesions with nasal epithelial hyperplasia, goblet cell hyperplasia, and 
squamous metaplasia.
Keywords: Nasal polyps, sinusitis, nitric oxide, cell differentiation, metaplasia, goblet cells, receiver 
operating characteristic curve
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Introduction
Chronic sinusitis (CRS) is a common chronic inflammatory 
disease of the nasal cavity and paranasal sinuses, caused by 
the interaction of multiple factors, including environmental 
and host-related factors (1). Nasal polyps (NP) are a type of 
CRS characterized by inflammation and benign hyperplasia 
of the mucosa of the nasal cavity and nasal sinuses (2). The 
respiratory mucosa of the nasal cavity and sinuses is covered 
by pseudostratified ciliated columnar epithelium, while the 
anterior nasal cavity is covered by squamous epithelium (3). 
The airway epithelial barrier, composed of a mucous layer 
overlying the ciliated epithelium, is important in heating 
and humidifying the air and maintaining the host’s innate 
immune defense (3). The epithelial tissue in type 2 immune-
mediated inflammatory states has been found to exhibit 
barrier dysfunction, characterized by decreased epithelial 
cell diversity due to abnormal differentiation of basal cells 
(4). Therefore, environmental and intrinsic signals enable 
epithelial basal progenitor cells to proliferate and differentiate 
into ciliated and goblet cells or undergo squamous metaplasia, 
thereby rapidly changing the composition and function of 
the epithelium, which may play an important role in the 
pathogenesis of CRS (5).

Nitric oxide (NO) is a colorless, odorless gas found in the 
human body in a variety of cells, including epithelial cells, 
nerve cells, endothelial cells, and inflammatory cells. Inducible 
NO synthase (iNOS) produces NO from L-arginine and is 
mainly expressed in respiratory epithelial cells and immune 
cells involved in respiratory inflammation. Proinflammatory 
factors can induce NO production by iNOS. Therefore, NO 
is an important marker of respiratory inflammation (6). In 
the upper respiratory tract, nasal NO (nNO) is produced 
mainly by the mucous membranes of the nasal passages 
and the sinuses (7). Our team’s previous study found that 
epithelial remodeling in NP predominantly presents as 
three types: epithelial hyperplasia, goblet cell hyperplasia, 
and squamous metaplasia (6). Therefore, exploring the 
differences in nNO levels among different types of epithelial 
tissue remodeling has important clinical value for predicting 
epithelial remodeling types and improving the accuracy of 
CRS diagnosis.

Methods
Patients

CRS patients with NP (CRSwNP) (n=85) who underwent 
endoscopic nasal surgery were identified in the The Second 
Qilu Hospital of Shandong University from January 2024 to 
March 2025. Subjects (n=28) with symptomatic nasal septal 
deviation requiring septoplasty surgery served as controls. 
None of the controls had chronic rhinosinusitis with or 

without NP at computed tomography (CT) examination. 
CRSwNP diagnosis was made based on history taking, 
physical examination, nasal endoscopic examination, 
and CT findings of the sinuses according to the European 
Position Paper on Rhinosinusitis and Nasal Polyps 2020 (1). 
The inclusion criteria of the control group were no smoking 
history, no history of CRS, allergic rhinitis (AR), or asthma; 
no abnormal nasal secretions, polyps, or other masses, normal 
blood routine, normal serum immunoglobulin E (IgE) level, 
and normal lung function. Exclusion criteria: under 18 
years of age, presence of cystic fibrosis, ciliary immobility 
syndrome, aspirin intolerance triad, immunodeficiency 
disease, severe systemic disease, respiratory infection in the 
last month, menstruation, or pregnancy. Ethical approval 
was obtained from the Ethics Committee of the Second 
Hospital of Shandong University (approval number: KYLL-
2018(KJ)P-0025, date: 26.02.2018). The written consent from 
all subjects was obtained. 

Clinical Data

The diagnosis of AR is determined by the Allergic Rhinitis 
and Its Impact on Asthma and European Academy of Allergy 
and Clinical Immunology guidelines (clinical symptoms, 
such as nasal obstruction, rhinorrhea, sneezing, and nasal 
itching; and objective evidence of allergic sensitization, 
including serum allergen-specific IgE) (8). The diagnosis of 
asthma is made according to the results of the pulmonary 
function relaxation test or by a respiratory doctor. The 
percentage of eosinophils in peripheral blood and the count 
of eosinophils were detected using the XN9000 RapidBio 
blood analyzer. The CT scans were scored according to the 
Lund-Mackay score system, and the ratio of the total score 
of both ethmoid sinuses to the total score of the maxillary 
sinuses (E/M ratio) was calculated (9,10).

The nNO Test

The nNO test was sampled, analyzed, and automatically 
generated using the breath analyzer Sunvou-CA2122 
(Sunvou Medical Electronics, Wuxi, China). After 30 minutes 
of rest, the patient was placed in a seated position, and 
the relatively unobstructed nostril was closed with a nasal 
plug, while the other nostril was kept unobstructed. Then a 
whistle was placed in the patient’s mouth, and the patient was 
asked to continuously blow after a deep inhalation without 
breath-holding. The air pump of the instrument was used 
to aspirate air from the nostril at a constant flow rate of 10 
mL/s. The NO gas produced in the nasal cavity and sinuses 
was collected from the nasal cavity by this airflow. Whistling 
was used to ensure velum closure and prevent contamination 
from the lower respiratory tract during nasal sampling. After 
sampling was completed, the instrument analyzed the sample 
and automatically generated the results.
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Tissue Samples

NP tissue samples were fixed in 10% formalin, embedded 
in paraffin, and stained with hematoxylin and eosin for 
histological analysis. The epithelial cell hyperplasia, goblet 
cell hyperplasia and squamous metaplasia of NP tissue were 
evaluated under optical microscope according to the results 
of hematoxylin and eosin staining. It was defined as normal 
epithelium or no epithelial hyperplasia when the epithelial 
surface of NP tissue had no obvious hyperplasia, or the 
number of epithelial layers was ≤4 (Figure 1). It was defined 
as epithelial hyperplasia when the epithelial surface of NP 
tissue was ≥4 (Figure 2). Goblet cell hyperplasia was defined 
when the number of goblet cell layers on the epithelial surface 
was ≥2 (Figure 3). Squamous metaplasia was defined when 
the normal pseudostratified ciliated columnar epithelium 

disappeared and the ciliated cells and goblet cells on the 
epithelial surface were completely replaced by squamous 
cells (Figure 4) (11).

Statistical Analysis

SPSS version 25.0 (IBM Corp., Armonk, NY, USA) was used 
for statistical analysis. Mean ± standard deviation was used 
for the descriptive statistics of continuous variables. The 
independent samples t-test and χ² test were used to evaluate 
differences between groups for variables conforming to a 
normal distribution, and the Mann-Whitney U test was 
used for variables not conforming to a normal distribution. 
Spearman’s correlation coefficient was used to analyze the 
correlation between nNO and clinical data. The predictive 
value of nNO for CRS was analyzed using the receiver 

Figure 1. Type of epithelium: normal epithelium (H&E staining 
×400)
H&E: Hematoxylin and eosin

Figure 2. Type of epithelium: epithelial hyperplasia (H&E staining 
x400)
H&E: Hematoxylin and eosin

Figure 3. Type of epithelium: goblet cell hyperplasia (H&E staining 
×400)
H&E: Hematoxylin and eosin

Figure 4. Type of epithelium: squamous metaplasia (H&E staining 
×400)
H&E: Hematoxylin and eosin
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operating characteristic (ROC) curve. A p-value of <0.05 was 
considered to indicate statistical significance.

Results
Comparison of Clinical Data

Of the 85 CRSwNP patients, 25 had epithelial hyperplasia, 
47 had goblet cell hyperplasia, and 13 had squamous 
metaplasia based on histological analysis. There was no 
significant difference in gender among the various groups of 
patients. The mean age of the epithelial hyperplasia group 
was significantly higher than that of the control group 
(p=0.01). The percentage and absolute count of peripheral 
blood eosinophils in the goblet cell hyperplasia group were 
significantly higher than those of the control group (p=0.01). 
In contrast, the nNO level was significantly higher in the 
control group compared to the epithelial cell hyperplasia, 
goblet cell hyperplasia, and squamous metaplasia groups 
(p=0.001, p=0.001, p=0.02). There were no significant 
differences in terms of gender, smoking history, or body 
mass index (p>0.05) (Table 1).

nNO Levels in the Group of Epithelial Remodeling Types

The mean nNO levels in the squamous metaplasia group 
were significantly higher than those in both the epithelial 
hyperplasia and goblet cell hyperplasia groups (p=0.025, 
p=0.018). However, there were no significant differences in 
nNO levels between the epithelial hyperplasia and goblet cell 
hyperplasia groups (p=0.78) (Figure 5).

Correlations Between nNO Levels and Clinical Data

In the epithelial hyperplasia and goblet cell hyperplasia 
groups, nNO levels were negatively correlated with both 
the E/M ratio and the Lund-Mackay score (epithelial 
hyperplasia: r=-0.518, p<0.05; r=-0.640, p<0.01; goblet 
cell hyperplasia: r=-0.421, p<0.01; r=-0.599, p<0.001, 
respectively). In the squamous metaplasia group, nNO levels 
were negatively correlated with the Lund-Mackay score 
(r=-0.612, p<0.01), but showed no significant correlation 
with the E/M ratio (p>0.05). No significant correlations 
were found between nNO levels and age, body mass index, 
peripheral blood eosinophil percentage, or eosinophil count 
in any of the groups (control, epithelial hyperplasia, goblet 
cell hyperplasia, and squamous metaplasia) (p>0.05) (Table 
2).

ROC Curve Analysis

ROC curve analysis demonstrated that nNO had moderate 
diagnostic performance in distinguishing non-CRS subjects 
from those with epithelial hyperplasia, goblet cell hyperplasia, 
or squamous metaplasia [area under the curve (AUC) =0.898, 
p<0.001; AUC=0.882, p<0.001; and AUC=0.720, p=0.025, 
respectively] (Figure 6).

Discussion
With the lucubration of the research on the pathogenesis of 
CRS, more and more attention has been paid to the role of 
epithelial barrier damage and epithelial tissue remodeling in 
the pathogenesis of CRS. Tissue remodeling is an abnormal 
manifestation of tissue injury and has been extensively 

Table 1. Comparison of clinical characteristics among the study groups

Control Epithelial 
hyperplasia

Goblet cell 
hyperplasia

Squamous 
metaplasia p-value p-value p-value

(n=28); 1 (n=25); 2 (n=47); 3 (n=13); 4 (1 vs. 2) (1 vs. 3) (1 vs. 4)

Male/female 20/8 18/7 34/13 7/6 0.96 0.93 0.27

Smoking, n (%) 7 (25) 9 (36) 14 (29.8) 5 (38.5) 0.38 0.66 0.38

Allergic, n (%) — 4 (16) 13 (27.7) 5 (38.5) — — —

Asthma, n (%) — 3 (12) 10 (21.3) 1 (7.7) — — —

Recurrence, n (%) — 5 (20) 8 (17.0) 1 (7.7) — — —

eCRSwNP, n (%) — 12 (48) 37 (78.7) 9 (69.2) — — —

Age, years 41.39±13.85 51.48±11.53 46.91±11.02 42.38±13.41 0.01 0.08 0.88

BMI (kg/m2) 25.08±4.12 25.62±4.00 26.35±2.85 25.22±3.64 0.54 0.23 0.95

EOS percentage, % 2.86±2.84 4.00±3.34 5.10±3.59 4.33±3.99 0.14 0.01 0.60

EOS count (x10-9•L-1) 0.17±0.14 0.24±0.19 0.33±0.22 0.28±0.26 0.15 0.00 0.52

E/M ratio — 1.52±0.92 2.33±1.08 1.42±1.24 — — —

Lund-Mackay score — 13.78±8.12 15.89±5.64 13.23±6.80 — — —

nNO (ppb) 428.7±121.2 214.5±114.1 222.0±127.9 331.4±151.8 0.00 0.00 0.02
eCRSwNP: Eosinophilic chronic rhinosinusitis with nasal polyps, BMI: Body mass index, EOS: Blood eosinophil, E/M ratio: Ratio of the computed tomography scores for the ethmoid 
sinus and maxillary sinus, nNO: Nasal nitric oxide, ppb: Part per billion
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studied in lower respiratory diseases, as well as in CRS. 
Tissue eosinophilia and eosinophilia activation were found 
to be significantly correlated with CRS remodeling features, 
associated mucosal injury, and clinical symptoms (12).

In recent years, people have come to realize that NO is 
not only an environmental pollutant but also a biological 
medium, playing a significant role in regulating physiological 
processes such as vascular dilation and cardiovascular 
systems in both animals and humans (13). As a pro-
inflammatory medium NO increases susceptibility to airway 
hyperreactivity in humans and plays a very complex role in 
the pathophysiology of airway response (14). At present, 
FeNO has been widely used in clinical diagnosis and efficacy 
evaluation, and monitoring of asthma (15). nNO is produced 
mainly by the mucous membranes of the nasal cavity and the 
nasal sinuses but the relationship between its level and the 
mucosal epithelial status of the nasal cavity and nasal sinuses 
is not clear.

When we grouped the types of polyp epithelial remodeling 
in CRSwNP patients, we found that nNO levels in the 
squamous metaplasia group were significantly higher than 

those in the epithelial hyperplasia and goblet cell hyperplasia 
groups. Pasto et al. (16) found that NO played a significant 
role in stimulating ciliary movement in the respiratory 
tract, and the increase of nNO level in squamous CRSwNP 
patients could be related to the increased feedback of NO 
production due to the loss of ciliary structure. Cilia are hair-
like organelles composed of microtubules. The nose and 
sinuses use the connecting complex between the mucociliary 
clearance system and the epithelial cells as their first line of 
defense against the environment (17). Li et al. (18) found 
that cilia structure and function were abnormal in patients 
with CRSwNP. The injury of motor cilia was accompanied 
by epithelial hyperplasia and other epithelial cell changes, 
which may be the cause of chronic mucosal inflammation or 
infection in patients with CRS (18). Ma et al. (19) reported 
that compared with the control group, the expression of 
ciliogenic protein in the sinus epithelium of CRS patients 
with ciliated deletion was significantly reduced. Overall, 
epithelial barrier remodeling caused by ciliary dysfunction 
in CRSwNP patients can cause changes in nNO levels. We 
can preliminarily determine the remodeling type of epithelial 
tissue and ciliary changes of CRSwNP by nNO.

ROC curve analysis showed that nNO had moderate 
predictive value in differentiating non-CRS from epithelial 

Table 2. Correlation of nNO with clinical data in epithelial type group
Control Epithelial hyperplasia Goblet cell hyperplasia Squamous metaplasia

r r r r

Age 0.304 -0.127 -0.171 -0.0469

BMI (kg/m2) 0.170 0.171 -0.177 -0.555

EOS percentage, % -0.136 0.278 -0.185 0.277

EOS count (x10-9•L-1) -0.157 0.296 -0.161 0.197

E/M ratio — -0.518* -0.421** -0.344

Lund-Mackay score — -0.640** -0.599*** -0.612*

*: p<0.05, **: p<0.01, ***: p<0.001, BMI: Body mass index, EOS percentage: Blood eosinophil percentage, EOS count: Blood eosinophil count, E/M ratio: Ratio of the computed tomography 
scores for the ethmoid sinus and maxillary sinus

Figure 5. Comparison of nNO among epithelial remodeling groups
nNO: Nasal nitric oxide, ppb: Part per billion

Figure 6. ROC curve of nNO for the diagnosis of epithelial 
hyperplasia, goblet cell hyperplasia, and squamous metaplasia
ROC: Receiver operating characteristic, nNO: Nasal nitric oxide
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hyperplasia, goblet cell hyperplasia, and squamous cell 
metaplasia. Therefore, nNO has certain clinical application 
value in predicting the epithelial remodeling type of NP. 
CRS is a heterogeneous disease with multiple inflammatory 
mechanisms involved and inflammatory progression. The 
specific histopathological differentiation between CRSwNP 
and CRSsNP patients is still difficult to clearly identify (20). 
The histopathological features of CRSwNP are related to the 
severity of the prognosis, and we need to further explore the 
relationship between histopathological features of CRSwNP 
and disease progression.

In recent years, the remodeling of the epithelial barrier has 
aroused great interest among researchers. The occurrence 
of tissue remodeling is caused by the joint action of 
inflammation and related cytokines, regulatory factors, 
enzymes and other factors, which in turn determine the type 
of tissue remodeling (21). Studies have attempted to correlate 
cytokines and other tissue markers with tissue remodeling 
changes, such as periosteal protein, transforming growth 
factor-β, and interleukin-13, with basement membrane 
thickening and fibrosis (22). We can preliminarily predict 
the type of epithelial tissue remodeling of CRSwNP through 
the study of nNO, which is of great value for the clinical 
diagnosis and treatment of CRSwNP. We found that epithelial 
changes play an increasingly crucial role in the pathogenesis 
of CRSwNP with the in-depth study of the mechanisms 
related to epithelial tissue remodeling. However, the related 
mechanism remains to be further studied.

Study Limitations

Due to the relatively small sample size, the exact reference 
value of nNO for the accurate diagnosis of CRSwNP needs 
to be further studied, and our conclusion also needs to be 
expanded for further verification and in-depth study. It will 
be necessary in the future to further increase the sample size 
to eliminate the influence of factors such as age. We did not 
conduct the nasal patency test, which might have affected the 
relevant results.

Conclusion 
In conclusion, the nNO test has become simple and can 
be used as a biological marker in the evaluation of nasal 
inflammatory diseases with the advancement of technology 
and the implementation of standardization work. As a 
quantitative, non-invasive, convenient and safe tool, the 
nNO test has certain clinical application value in predicting 
the type of epithelial remodeling of NP.
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Main Points
•	 The nasal nitric oxide (nNO) levels in control group was 

significantly higher than that of epithelial hyperplasia, goblet 
cell hyperplasia and squamous metaplasia groups (p<0.05), 
and squamous metaplasia group was significantly higher 
than that in epithelial hyperplasia group and goblet cell 
hyperplasia group (p<0.05).

•	 The percentage and count of eosinophilia in peripheral blood 
of goblet cell hyperplasia group was significantly higher than 
that of control group (p<0.05).

•	 The nNO levels was negatively correlated with E/M ratio 
and Lund-Mackay score in epithelial hyperplasia group and 
goblet cell hyperplasia group (r=-0.518, p<0.05; r=-0.640, 
p<0.01; r=-0.421, p<0.01; r=-0.599, p<0.001), and nNO levels 
in squamous cell metaplasia group was negatively correlated 
with Lund-Mackay score (r=-0.612, p<0.01).

•	 The nNO levels was moderately valuable in differentiating 
non-chronic sinusitis from epithelial hyperplasia, goblet 
cell hyperplasia, and squamous cell metaplasia [area under 
the curve (AUC) =0.898, p<0.001; AUC=0.882, p<0.001; 
AUC=0.720, p=0.025].
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