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Purpose: Chronic rhinitis (CR) is a common chronic inflammation of the nasal mucosa. Nasal saline irrigation has been demonstrated 
to be an effective treatment for CR. In this study, we investigated the beneficial effects of hydrogen-rich saline irrigation as an anti- 
inflammatory irrigation therapy for CR and compared its effectiveness over saline irrigation. Hydrogen-rich saline (HRS) was 
investigated due to its antioxidant and anti-inflammatory properties.
Methods: A total of 120 patients with CR were randomly divided into two groups, patients irrigated with HR (HRS group) and the control 
group irrigated with saline (NS group). A randomized, double-blind control study was performed. The main observation index in this study 
was the total score of nasal symptoms (TNSS). In addition, eosinophilic protein (ECP) of the nasal secretions, nasal nitric oxide (nNO) 
levels, and levels of regulatory T cells (Treg) and regulatory B cells (Breg) were also compared between the two groups. Furthermore, 
patients with allergic rhinitis (AR) and non-allergic rhinitis (NAR) were also evaluated based on serum-specific IgE positivity.
Results: After treatment, TNSS and nasal ECP in the two groups decreased significantly (P<0.05), with patients in the HRS group 
showing significantly lower levels compared to the NS group (P<0.05). There were no significant differences in Treg and Breg levels 
between the two groups. Subgroup analysis showed that TNSS in the AR-HRS group showed a more significant reduction compared to 
the AR-NS group (P<0.05); however, there were no significant differences for the other inflammatory biomarkers (P>0.05). ECP levels 
were reduced significantly in the NAR subgroup compared to NS irrigation (P<0.05). There were no obvious adverse events observed 
in patients during the entire treatment period.
Conclusion: Compared to saline irrigation, HRS nasal irrigation was found to improve CR clinical symptoms, especially in patients 
with AR. HRS could effectively be used for the clinical treatment of patients with CR.
Keywords: chronic rhinitis, allergic rhinitis, non-allergic rhinitis, hydrogen-rich, nasal irrigation

Introduction
Chronic rhinitis (CR) affects approximately 30% of the global population,1,2 with its incidence increasing every year. CR 
is a chronic inflammatory disease of the nasal mucosa. Common symptoms include nasal itching, sneezing, anterior or 
posterior nasal leakage, and nasal congestion.1,3 CR has also been shown to induce secretory otitis media, sinusitis, nasal 
polyps, and induce or aggravate asthma and other diseases. This seriously affects patients and carries a huge economic 
burden.4,5

Journal of Inflammation Research 2022:15 3983–3995                                                     3983
© 2022 Jin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 9 March 2022
Accepted: 10 July 2022
Published: 15 July 2022

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

https://youtu.be/8YpkEFCYNzI
http://orcid.org/0000-0003-2208-4535
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


CR can be classified as allergic rhinitis (AR) and non-allergic rhinitis (NAR) based on the presence of a specific 
allergen.2,6 Approximately 500 million individuals worldwide suffer from AR7 and have become an important chronic 
inflammatory disease of the respiratory tract. AR is an allergic chronic inflammatory disease of the nose that involves 
a variety of inflammatory cells, inflammatory factors, and neurotransmitters that are regulated by multiple genes. There 
are relatively few studies that have been performed on NAR, however, it affects the lives of more than 200 million 
individuals worldwide.8

Although its etiology is unclear, it involves multiple factors, among which immune factors play an important role in 
NAR pathogenesis,9 and include local allergic rhinitis.9 Due to the similar symptoms of AR and NAR, the current clinical 
treatments are similar and mainly include nasal glucocorticoids, antihistamines, and nasal decongestants.6,10,11 However, 
due to their side effects, the majority of patients prefer nasal saline irrigation that has minimal side effects.12 Nasal 
irrigation has been recognized as a local treatment for CR. Saline irrigation has been shown to improve the transport 
function of nasal mucocilia. It removes secretions and foreign bodies, such as dust and bacterial biofilm attached to the 
nasal mucosa surface.13

Nasal irrigation is simple physiotherapy. Although it may temporarily clear the local inflammatory factors of the nasal 
mucosa, the clearance function is only temporary. Immune dysfunction is not alleviated by irrigation, hence the beneficial 
effects usually disappear after one hour.14 Hence, lavage containing a solution of anti-inflammatory agents maybe have 
better therapeutic effects. In 2007, Ohta et al found that hydrogen (H2), had a selective antioxidant effect as well as an 
effective anti-inflammatory and anti-allergic effect.15 Soon afterward, hydrogen therapy quickly gained attention in the 
fields of inflammation and allergy.16–18 Previous studies have demonstrated that H2 dissolved in saline to generate 
a hydrogen-rich saline (HRS) solution was effective in relieving AR symptoms and reducing inflammatory mediators 
such as IL-1β, IL-4, IL-5, IL-6, IL-13, and TNFα.19–22 Additional studies have confirmed that HRS could induce an 
increase in CD4+CD25+ FoxP3+Treg levels in AR guinea pigs and promote IL-10 and TGF-B secretion.23 Chronic 
inflammation and oxidative stress of the nasal mucosa is one of the main pathogenic mechanisms of CR,24 and one 
advantage of H2 is its selective antioxidant effects.25 To investigate its role in AR and NAR treatment, we performed 
a clinical RCT study using HRS nasal irrigation on CR patients, with saline irrigation as a control. Changes in nasal 
symptom scores were selected as the main observation indicator. Secondary indicators included inflammatory biomar-
kers, as nasal nitric oxide (nNO), eosinophil cationic protein (ECP) levels in the nasal secretions, and levels of regulatory 
T cells (Treg) and regulatory T cells (Breg) in the peripheral blood (PBMC). Our study evaluated whether HRS nasal 
irrigation could effectively improve inflammation of the nasal mucosal in CR patients.

Methods
Study Design and CR Patients
CR patients between 18–65 years were enrolled from the outpatient department of Otorhinolaryngology, Head and Neck 
Surgery of Shanghai Tongji Hospital between August 2018 and December 2020. Patients were randomly divided into two 
groups based on a random number table. Patients in the HRS group were nasal cavity irrigated with HRS, while patients 
in the NS group were nasal cavity irrigated with NS and used as the control for this study (Figure 1A). Inclusion criteria 
were determined based on relevant publications. These included rhinitis symptoms ie, nasal itching, nasal congestion, 
sneezing, and runny nose. In addition, the patient should have two or more symptoms that lasted for more than 10 days, 
and a history of recurrent symptoms for at least 2 years.26–28 Patients with mild rhinitis (ie, symptoms that did not 
severely affect the quality of life), acute infectious rhinitis; patients diagnosed with chronic sinusitis, severe nasal septum 
deviation, nasal polyps, nasal tumors, and other nasal diseases by nasal endoscopy and sinus CT were excluded from the 
study. Patients with severe liver, kidney, and heart diseases and had been treated with medication within 4 weeks of the 
study were also excluded. To reduce confounding factors, Corticosteroids and antibiotics were not administered during 
the study. This study was approved by the hospital ethics committee, and all patients signed informed consent. The study 
was approved by the Research Ethics Committees of Tongji hospital (2018-LYCJ-002) and complied with the declaration 
of Helsinki. The study was registered in the Chinese Clinical Trial Registry (CHICTR-INR-16009778) on November 8, 
2016.
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RCT Setting
A randomized double-blind parallel control approach was used in this study. SAS8.2 professional statistical software was 
used to generate group random numbers, and the subjects were divided into two groups. Based on the group random 
numbers, the blind classification was accomplished. The random number was the drug number. The number of cases in 
the trial group and control group was 1:1. Enrolled subjects were randomly assigned based on a random number table and 
were administered treatment by the clinical study group. Observers and subjects were double-blinded.

Nasal Irrigation
A standard nasal irrigation vessel was used in this study. Irrigated solution for the HRS group consisted of 100 mls of NS 
dissolved with pure H2 under 0.4MPa pressure to reach saturation levels of 0.6mmol/l.29,30 The prepared HRS was 
randomly verified by a gas chromatography analyzer to ensure that the H2 concentration of the HRS was stable and 
consistent. Patients in the control group were treated with irrigation of sterile 100mL NS. The irrigated solution used in 
both groups had the same appearance and packaging (Figure 1B).

100mL of solution (50mL on each side of the nasal cavity) was used to irrigate both nasal cavities, twice a day 
continuously for 4 weeks. The patient blew nasal mucus before treatment, then the patient’s head was tilted forward. 100 
mls of lavage solution was placed in the nasal washing vessel and then slowly perfused into one side of the nasal cavity. 
The solution was allowed to flow into the nasopharynx and then expelled from the mouth. Afterward, the other nasal 
cavity was irrigated in a similar way (Figure 1B).

Evaluation of Nasal Symptoms and Signs
There were five evaluations during the study. Total nasal symptom scores (TNSS) were evaluated at each visit. TNSS 
included the number of consecutive sneezes, the daily number of runny noses, nasal obstruction, and itching, with 0–3 
points for each indicator representing different severities.27,31

nNO Measurements
The levels of nNO were measured before and after treatment using the Sunvou-CA2122 Nacoulomb Respiratory 
Analyzer (Wuxi Shangwo Biotechnology Co., Ltd., China). The test ambient temperature is 25 °C, and the humidity 
is 25% - 50%. The patient did not eat, drink or exercise vigorously 2 hours before the test. Let the patient rest for 15 
minutes and take the sitting position. After deep inhalation, whistle with the mouth at a constant speed to close the soft 

Figure 1 Method and Study Procedure. (A) Study grouping. (B) Procedure for Nasal irrigation. (C) Study Procedure.
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palate (to avoid the mixing of gas in the upper and lower airways). At the same time, insert the olive shaped nose probe 
into one side of the front nostril and continuously suck the gas in the nasal cavity to measure the nNO value. The average 
value for 6 tests was recorded.

Measurement of IgE and Eosinophil Cationic Protein (ECP) Levels in Nasal Secretions
Serum total IgE and specific IgE levels for 19 common inhalation and ingestion allergens (Euroimmun Medical 
Diagnostics Co., Ltd. China) were measured using enzyme-linked immunosorbent assays (CAP system). ECP of nasal 
secretions was also measured (Biolegend, USA) to assess the severity of rhinitis.

Flow Cytometric Analysis for Treg and Breg in PBMCs
To evaluate the effect of treatment on the immune system, the proportion of CD4+CD25+CD127-Treg and CD19 
+CD24hiCD38hiBreg in PBMCs was measured using flow cytometric analysis before and after treatment. Briefly, 
PBMCs harvested from the peripheral vein were labeled with anti-CD4-PE, anti-CD25-FITC, and anti-CD127-PC5 
monoclonal antibodies (Beckman Coulter, USA) to identify Treg. Breg was identified by labeling PBMCs with anti- 
CD19-PE, anti-CD24-PC5, and anti-CD38-FITC antibodies (Beckman Coulter, USA). Non-specific fluorescence was 
determined using an isotype-matched IgG as the control. Data were acquired on a FACSCalibur (Beckman Coulter, USA) 
and analyzed using the Cell Quest software (BD, USA).

Adverse Events Following Irrigation
To assess safety, changes in blood routine, liver and kidney function, and blood glucose were measured before and after 
irrigation. In addition, symptoms of nasal discomforts, such as epistaxis, nasal pain, and other adverse reactions were also 
evaluated.

Statistical Analysis
Sixty patients were required for each treatment group. This was based on data from preliminary studies. The difference 
between NS and HRS for total mean score of symptoms and signs was 1, SD=1.65, when 1-β (power)=90%, bilateral 
α=5%. All efficacy assessments were analyzed only for subjects who completed the trial. Quantitative data were 
expressed as mean ± standard deviation and qualitative data were expressed as a percentage. Student’s t-test was used 
for comparison between quantitative data groups, and Chi-square or Fisher test was used for qualitative data. A Mixed 
Model for Repeated Measures (MMRM) was used to correct the score at baseline for the primary efficacy index, and 
a P-value <0.05 was considered statistically significant. Statistical analysis was performed using SAS 9.4.

Results
Baseline Characteristics of Study Participants
A total of 128 patients were recruited for this study, with 120 cases successfully enrolled after meeting the inclusion 
criteria. There were 17 cases of abscission or early withdrawal, which included 8 cases in the HRS group and 9 cases in 
the NS group. One patient was dissatisfied with the curative effects and withdrew early, while the remaining patients 
discontinued early due to personal reasons. In total, 52 patients in the HRS group and 51 patients in the NS group 
completed the study. The study grouping process and study completion are shown in Figure 1A and C. There were no 
significant differences between the two groups at baseline, such as gender, age, course of the disease, allergy history, pre- 
medication symptoms, and TNSS (Table 1) (P>0.05).

Comparison of the Main Outcome Measures for Total Nasal Symptom Scores (TNSS). HRS Alleviates TNSS 
of CR Compared to NS
There was no significant difference in TNSS scores between the HRS and NS groups before treatment (P= 0.573>0.05). 
After 4 weeks of treatment, the TNSS scores for the two groups decreased with statistical significance (P<0.05). The 
decrease for the HRS group was more obvious compared to the NS group (P=0.043<0.05). In addition, there were no 
significant differences in the number of sneezes, runny noses, and nasal obstructions between the two groups. Only the 
score for nasal itching in the HRS group was lower compared to the NS group (P=0.004<0.05) (Figure 2A).
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HRS Did Not Significantly Improve Secondary Observation Indicators for CR Compared to NS
The average nNO for both groups before treatment was greater than 500 ppb and decreased significantly after treatment 
(P=0.000<0.05). However, results showed no significant differences between the groups (P= 0.139>0.05) after treatment. 
HRS could improve nasal mucosal inflammation and reduce nasal NO levels but was not superior to saline irrigation 
(Figure 2B).

There were no significant differences in the ECP value of nasal secretions between the two groups before treatment (91.71 
±21.46 vs.81.72±15.89, P>0.05). After treatment, ECP levels for the two groups decreased significantly (P =0.000<0.05). The 
decrease in the HRS group was more obvious compared to the NS group (75.78±10.27 vs.81.72±15.89, P=0.029<0.05). This 
indicated that HRS could effectively reduce ECP levels of CR compared to NS treatment (Figure 2C).

After treatment, the number of Treg in both groups increased slightly (P =0.000, 0.000<0.05), accompanied by 
a significant decrease in the number of Breg (Figure 2D and E) (P=0.000, 0.024<0.05). However, Both Treg and Breg 
had no significant differences between the two groups (P =0.648,0.493>0.05).

Table 1 Baseline Comparison of the Study Subjects

HRS (N=52) NS (N=51) Statistic P Methods

Age (years) Mean(SD) 42.16±17.16 40.80±13.76 0.438 0.662 t-test

Height(cm) Mean(SD) 166.06±9.34 165.68±8.37 0.215 0.830 t-test

Weight(kg) Mean(SD) 65.31±11.27 63.04±12.18 0.976 0.331 t-test

BMI Mean(SD) 23.56±2.58 22.80±2.82 1.407 0.163 t-test

Gender

Males n(%) 24(46.15%) 18(36.00%) 1.085 0.298 Chi square test

Females n(%) 28(53.85%) 32(64.00%)

Past medical history

Yes n(%) 10(19.23%) 9(17.65%) 0.043 0.836 Chi square test

No n(%) 42(80.77%) 42(82.35%)

Allergic history

Yes n(%) 3(5.77%) 3(5.88%) – 1.000 Fisher exact test

No n(%) 49(94.23%) 48(94.12%)

Medical treatment history

Yes n(%) 8(15.38%) 5(9.80%) 0.727 0.394 Chi square test

No n(%) 44(84.62%) 46(90.20%)

Total nasal symptom scores

Sneeze 1.47±0.99 1.40±0.89 0.360 0.719

Runny nose 2.45±0.81 2.40±0.77 0.302 0.763

Nasal obstruction 1.96±0.53 1.89±0.68 0.637 0.526

Nasal itching 2.02±0.86 1.87±0.69 1.007 0.317

TNSS 7.80±2.22 7.58±1.84 0.566 0.573
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Figure 2 Comparison of various indicators of CR between the HRS and NS groups. (A) TNSS scores for the HRS group decreased significantly compared to the NS group after four 
weeks of treatment (P=0.043<0.05), especially in TNSS scores for nasal itching in the AR-HRS group which was higher than the control group (P=0.04<0.05). (B) nNO levels in the two 
groups decreased significantly after treatment (both P=0.000<0.05), however, no statistical significance was observed (P=0.139>0.05). (C) Both groups showed an obvious decrease in 
ECP after treatment. ECP levels in the HRS group decreased more significantly compared to the NS group (P=0.029<0.05). (D) After treatment, the proportion of Treg in the two 
groups increased slightly, but no significant differences were observed between the two groups (P=0.648>0.05). (E) After treatment, the proportion of Breg in the two groups 
decreased slightly, with no significant difference between the two groups (P=0.493> 0.05). *Significantly different from the HRS group (p<0.05).
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Subgroup Analysis of the Effect of HRS on AR
Based on the presence or absence of serum-specific IgE (allergen), 103 patients who completed the study were further 
divided into two subgroups, ie, allergen positive group (AR group) and allergen negative group (NAR group).

54 patients were allergen positive, of which, 29 patients were administered HRS (AR-HRS group) and 25 patients 
administered NS (AR-NS group). There were no significant differences in baseline data between the groups (7.82±2.02 
vs.8.04±1.86, p>0.05). After treatment, TNSS in the AR-HRS group were significantly better compared to the AR-NS 
group (3.32±2.13 vs.5.22±1.99, P=0.001<0.05). Scores for runny nose (1.04±0.84 vs.1.63±0.84, P=0.011<0.05), nasal 
obstruction (0.89±0.74 vs.1.37±0.69, P=0.016<0.05), and nasal itch (0.75±0.70 vs.1.22±0.75, P=0.019<0.05) in the AR- 
HRS group were significantly lower compared to the AR-NS group (P<0.05) (Figure 3A). This indicated that HRS was 
superior in alleviating AR symptoms.

After therapy, nNO and ECP levels decreased for both groups (P<0.05) (Figure 3B and C). The number of Treg and 
Breg in the AR-HRS group reduced significantly after treatment (P<0.05). In the control AR-NS group, the number of 
Treg increased after treatment (P<0.05 Figure 3D), while the number of Breg had no significant differences after 
treatment (P=0.063>0.05, Figure 3E). There were no significant differences for all secondary indicators between the 
two groups (P>0.05). These results suggested that HRS treatment on inflammatory biomarkers was not significantly 
better than that of saline irrigation.

Subgroup Analysis of the Effect of HRS on NAR
49 patients were allergen negative, of which 23 were administered HRS (NAR-HRS group) and 26 were administered NS 
(NAR-NS group). There were no differences in baseline data between the two groups. After treatment, TNSS for the two 
groups decreased. There were no significant differences between the two groups as shown in Figure 4A (4.17±3.55 
vs.4.19±1.98, P=0.989>0.05). ECP levels decreased in both groups after treatment (Figure 4C), with a slight statistical 
decrease in the NAR-HRS group (91.90±24.14 vs.74.95±9.58, P<0.05). nNO levels increased in the NAR-NS group and 
decreased in the NAR-HRS group. The number of Treg increased, while Breg numbers reduced after treatment in the 
NAR-HRS group (P<0.05). In the control NAR-NS group, the number of Treg increased after treatment (P<0.05 
Figure 4D), while the number of Breg had no significant differences after treatment (P=0.102>0.05, Figure 4E). There 
were no significant differences between the groups for nNO, Treg, and Breg (Figure 4B, D and E (P>0.05)). In the NAR 
group, HRS was superior in reducing ECP levels in the nasal cavities compared to NS.

Safety and Tolerability
There were no significant changes in blood routine, liver and kidney function, and blood glucose levels before and after 
treatment. No obvious discomfort and adverse reactions were observed in this study. There were 4 cases with mild upper 
respiratory tract infection (two cases in the HRS group and 2 cases in the NS group) and were found to be not related to 
irrigation. These patients were not treated with additional therapy. Three cases continued with nasal irrigation, while one 
patient withdrew early due to lack of curative effect (NS group). The incidence of adverse events was similar between 
HRS (3.85%) and NS (3.92%) groups. These results indicated that nasal irrigation was safe and tolerable.

Discussion
Our study demonstrated that saline irrigation of the nasal cavity could improve CR symptoms. Compared to saline 
irrigation, HRS irrigation showed better efficacy in alleviating rhinitis. Saline and HRS irrigation could significantly and 
similarly reduce inflammatory biomarkers. Subgroup analysis demonstrated that HRS irrigation could improve AR 
symptoms more obviously. A decrease in ECP levels was the only improvement observed in NAR patients who 
underwent HRS irrigation compared to the control group. These results indicated that HRS irrigation could improve 
CR symptoms compared to saline irrigation, especially for AR.

Saline nasal irrigation is an effective treatment for rhinitis. In our study, both TNSS and specific symptoms were 
significantly improved after saline irrigation. Furthermore, AR and NAR were significantly improved, in addition to 
a significant reduction of inflammatory biomarkers. This suggested that saline nasal irrigation was an effective treatment 
for CR. Although numerous studies have shown that saline nasal washing can improve AR symptoms,32 only a few 
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Figure 3 Comparison of various indicators in the AR subgroup. (A) The TNSS scores in the AR-HRS subgroup decreased significantly compared to the NS group after four 
weeks of treatment (P=0.001<0.05), especially for symptoms of runny nose, nasal obstruction, and nasal itching in the AR-HRS group which had higher TNSS compared to 
the control group (both P<0.05). (B) nNO levels in the two groups decreased significantly after treatment (both P<0.05), but no statistical significance between the two 
treatment groups were observed (P=0.401>0.05). (C) ECP for both groups decreased after treatment (both P<0.05), but no significant difference between two groups were 
observed (P=0.758>0.05). (D) After treatment, Treg proportions decreased in the AR-HRS group (P=0.01<0.05) and increased in the control group (P=0.000<0.05), but no 
significant difference between the two groups were observed (P=0.803>0.05). (E) After treatment, Breg proportions decreased in the AR-HRS group (P=0.002<0.05), but 
no significant difference between the groups were observed (P=0.322>0.05).*Significantly different from the AR-HRS group (P <0.05).
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Figure 4 Comparison of various indicators in the NAR subgroup. (A) There was no significant difference in TNSS between the two treatment groups (P=0.989>0.05). (B) 
There were no significant differences in nNO levels within and between the two groups after treatment (P=0.291>0.05). (C) After treatment, ECP levels decreased 
significantly in both groups, while ECP levels in the NAR-HRS group decreased slightly, with a significant difference (P=0.016<0.05). (D) After treatment, Treg proportion in 
the two groups increased after treatment (both P=0.001<0.05). However, no significant difference between the two groups were observed (P=0.6>0.05); (E) After 
treatment, Breg proportions decreased in NAR-HRS group (P=0.00<0.05), but no significant difference between the groups were observed (P=0.472>0.05).*Significantly 
different from the NAR-HRS group (p<0.05).
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studies have been conducted on its effects on NAR. Saline improves rhinitis symptoms mainly by cleaning nasal 
inflammatory irritants and secretions to reduce inflammatory stimulation. The main immunological pathogenesis of 
AR is allergic inflammation. However, NAR is induced in the absence of an allergen, as determined by negative skin 
prick test and serum sIgE levels.33,34 It has been related to a variety of inflammatory factors secreted by the nasal cavity, 
such as local production of tryptase, eosinophilic protein, and sIgE. In this study, we observed that NAR and AR had 
similar levels of ECP, nNO, and other inflammatory biomarkers. Hence, CR inflammatory reaction could be alleviated by 
clearing these inflammatory factors by nasal irrigation with saline.

We next accessed the therapeutic effects of HRS on CR by measuring TNSS and evaluating specific symptom scores. 
TNSS of both groups decreased significantly compared to before treatment. HRS group decreased more significantly 
compared to the NS group. However, of the four specific symptoms measured, only the nasal itch score in the HRS group 
decreased significantly compared to the NS group. This indicated that HRS could improve CR clinical symptoms, by 
improving nasal itch symptoms. CR inflammatory biomarkers, such as nNO, Treg, and Breg, also showed significant 
differences after treatment, but no significant differences were observed between the two groups, except for ECP levels 
of nasal secretions that were better in the HRS group compared to the control. Subgroup analysis found that compared to 
saline irrigation, HRS could better improve TNSS in the AR group. The three specific symptoms of runny nose, nasal 
obstruction, and nasal itching were all shown to be significantly improved. Our study showed that HRS had a better 
therapeutic effect on AR. However, the inflammatory biomarkers, such as nNO and ECP, Treg, and Breg, did not show 
significant differences between the two groups. Although TNSS decreased significantly after treatment in the NAR 
subgroup, there was no significant difference between the two treatment groups. Only ECP levels of nasal secretions 
showed a significant difference between the groups. These results indicated that HRS had a good therapeutic effect on 
CR, especially in AR patients.

In recent years, increasing attention has been paid to the anti-inflammatory effects of H2. It is very safe with no 
side effects either when inhaled or consumed. H2 has also been shown to not affect temperature regulation, blood 
pressure, physiology, pH, or pO2, and is nontoxic at concentrations even far above the clinically effective dosage.35 

H2 has been shown to upregulate Nrf2/ARE-Keap1 signaling pathway by increasing Nrf236 and enhances the 
antioxidant stress ability of the body by reducing the production of reactive oxygen species.37 The antioxidant and 
anti-inflammatory effects of hydrogen had been demonstrated in numerous animal studies, especially in allergic 
inflammation, which reduces pro-inflammatory factor levels.23,26–28 It has even been demonstrated to down-regulate 
Treg levels to reduce allergic inflammation. Considering the effectiveness of saline irrigation for the treatment of 
rhinitis, we dissolved hydrogen in saline (HRS) to evaluate its efficacy. Our results demonstrated no adverse reactions 
in terms of safety. For the AR group, we observed HRS had a better curative effect compared to saline irrigation, 
suggesting its effectiveness in controlling AR inflammation. This suggested that HRS may exert its curative effect in 
CR especially for AR.

ECP is released by activated eosinophils38 and may be the main reason for chronic airway inflammation. It is also an 
objective biomarker for airway allergic inflammation. ECP levels correlate well with the number of eosinophils cells and 
hence could be useful to evaluate patients with AR or NAR. It is also an effective clinical indicator for evaluating the 
effectiveness of therapy.39 After HRS treatment, ECP of CR (all patients with chronic rhinitis included in the analysis) 
decreased significantly. There were significant differences in patients with CR and the NAR subgroup compared to NS 
treatment. In addition, there was no significant difference between the two groups in the AR subgroup. This indicated that 
HRS irrigation relative to saline irrigation was not sufficient to reduce ECP levels. However, HRS may achieve anti- 
inflammatory effects by inhibiting ECP secretion in NAR nasal cavity, and hence may be related to local hypersensitive 
in NAR.

nNO is a marker for nasal inflammation and could be used to evaluate clinical anti-inflammatory efficacy. We 
observed nNO was high in both the HRS and NS groups before treatment. After 4 weeks of treatment, nNO decreased 
significantly in both groups, but no significant differences were observed between the groups. Subgroup analysis also 
found that nNO decreased after treatment with no significant differences between the groups. This indicated that HRS 
had no obvious advantages over saline in reducing nasal NO levels.
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Treg and Breg cells play an important regulatory role in AR immune regulation.40,41 The levels of Treg and Breg in 
the peripheral blood of AR patients are lower compared to healthy individuals.42 We observed that Treg levels increased 
and Breg levels decreased in the CR, AR, and NAR subgroups after treatment. Nasal clearing could change the immune 
status, however, there were no significant differences in Treg and Breg levels in the HRS and NS groups, in addition to 
the AR and NAR subgroups. Furthermore, we found that HRS was not superior to saline irrigation with respect to 
immune regulation after four weeks of treatment. This is not consistent with previous animal studies. An explanation 
could be due to the short treatment duration of this study.

Conclusion
In conclusion, our results suggested that HRS nasal irrigation could better improve the nasal symptoms and reduce the 
ECP levels in nasal secretions of CR patients compared to saline irrigation. This was especially observed in AR patients 
who showed improved efficacy. Considering the safety of this treatment, HRS should be recommended for the clinical 
treatment of CR, especially in AR patients.
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