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Abstract

Aims/Background: Allergic rhinitis (AR) is an upper respiratory disease that affects inflammation levels, nasal function, and mental
health in patients. However, the effect of AR severity on these indicators remains obscure. This study aimed to explore the impacts of AR
severity on levels of inflammatory factors, nasal function, anxiety and depression. Methods: The clinical data of 188 patients with AR
from January 2022 to January 2025 were collected and retrospectively analyzed. The patients were divided into mild group (n = 90) and
moderate/severe group (n = 98) based on the severity of AR. Meanwhile, 79 healthy individuals matched in age, gender, and body mass
index (BMI) with the AR patients were included in the control group. Nasal airway resistance (NAR) and nasal mucociliary clearance
time (NMCT) were detected. Hospital Anxiety and Depression (HAD) scale was applied for the assessment of anxiety and depression.
Serum level of C-reactive protein (CRP) was measured using an automatic biochemical analyzer. Serum procalcitonin (PCT) and nasal
lavage fluid levels of interleukin-1β (IL-1β) and tumor necrosis factor-α (TNF-α) were measured using commercial assay kits. Results:
Compared with the control group, the CRP, PCT, IL-1β, TNF-α, NAR, NMCT, and HAD anxiety and depression scores in AR patients
were significantly increased (both p < 0.05). Compared with the mild group, the moderate/severe group exhibited increased levels of
inflammatory biomarkers, NAR, NMCT, and HAD anxiety and depression scores (p < 0.05). In the mild group, anxiety and depression
were correlated with the NAR, CRP, PCT, IL-1β, and TNF-α (p < 0.05); NMCT was correlated with the depression (p < 0.05). In
moderate/severe group, anxiety and depression were correlated with the NAR, NMCT, CRP, PCT, IL-1β, and TNF-α (p < 0.05). The
correlation between anxiety and depression and nasal function and inflammatory factors in moderate/severe group were stronger than
those in mild group. Conclusion: The anxiety/depression and inflammation levels in AR patients increase, while the nasal function
decreases, with the deteriorating severity of the disease. Anxiety and depression are correlated with nasal function and inflammation
levels, with a more prominent correlation detected in patients with moderate/severe AR than those with mild disease.
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1. Introduction
Allergic rhinitis (AR) is a common chronic upper res-

piratory disease characterized by chronic inflammation of
the nasal mucosa [1]. In China, approximately 250 million
people suffer from AR, with an incidence rate in adults of
approximately 18.6%–52.9% in northern China [2]. The
clinical features of AR include sneezing, watery nasal dis-
charge, nasal congestion, and nasal itching. The diagnosis
of AR is based on the clinical symptoms, medical history,
and results of allergen testing (such as serum-specific im-
munoglobulin E [sIgE] measurements and skin prick tests)
[1]. The existing diagnostic methods for AR are limited
by their invasiveness, relatively high false-positive rates in
the outcomes, and high costs, especially in sIgE detection.
The clinical managements of AR mainly lie in preventive
(e.g., blocking exposure to allergens) and pharmacological
approaches [3,4].

Inflammation is a key mechanism underlying the
pathogenesis of AR. Allergens stimulate the nasal mucosa,

activate inflammatory cells, inducing the generation and
release of inflammatory mediators, such as histamine and
leukotrienes. These inflammatory mediators act on the
blood vessels of the nasal mucosa, causing vasodilation
and increased permeability, which lead to congestion and
swelling of the nasal mucosa. They also stimulate sensory
nerve endings in the nasal mucosa, causing nasal discom-
fort [5–7]. Previous study reported that the serum level
of interleukin-17A (IL-17A) was significantly correlated
with severity of AR [8]. In addition, the neutrophil-to-
lymphocyte ratio in patients with moderate/severe AR was
higher compared to those with mild AR [9]. However, these
studies examined a limited number of inflammatory mark-
ers, leaving the changes in other inflammatory indicators
across different severities of AR insufficiently delineated.

The nasal cavity is a key part of the respiratory tract.
Patients with AR face impaired nasal function and experi-
ence complete or partial nasal obstruction, which reduces
airflow through the nasal passages. This obstruction neces-
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sitates compensatory mouth breathing, either partially or
completely, which may further augment the risk of bron-
chospasm [10]. In addition, the nasal cilia play an impor-
tant role in dust and pathogen clearance, serving as a critical
defense mechanism for maintaining respiratory health. In
AR patients, however, nasal ciliary clearance function is re-
duced due to a decrease in ciliary number, structural defects,
among other reasons [11]. It has been reported that children
with moderate/severe AR had much lower nasal mucocil-
iary clearance compared with their mild disease counter-
parts [12]. Nevertheless, it is still unclear how nasal func-
tion changes across varying levels of AR severity in adult
patients.

The clinical manifestations of AR include sneezing,
watery nasal discharge, nasal congestion, and nasal itching.
These symptoms have a profound impact on the patients’
daily functioning, social interactions, and sleep, markedly
diminishing their quality of life and influencing their psy-
chological emotions [13]. A study has reported that the
severity and duration of AR could affect mental health and
were positively correlated with anxiety and depression oc-
curring in the patients [14]. While previous studies have
assessed alterations in anxiety, depression, inflammation
levels, and nasal function in AR of varying severity, most
studies focused on investigating each of the aforementioned
aspects in isolation, without attempting to explore the rela-
tionship between physiological abnormalities and psycho-
logical health. Interestingly, the association of anxiety and
depression with inflammation is well-recognized [15,16].
Inflammation has been shown to influence anxiety and de-
pression in patients with asthma [17]. However, it remains
unclear whether anxiety and depression are affected by in-
flammation and nasal function in AR patients, and whether
these effects vary with disease severity.

Thus, addressing these knowledge gaps may help en-
hance clinical screening and enable early mental health in-
tervention for AR patients. This study aimed to explore
the effects of varying AR severity levels on inflammatory
markers, nasal function, anxiety and depression. In this ret-
rospective study, changes in inflammatory markers, nasal
function, anxiety and depression in both mild and moder-
ate/severe AR patients were investigated. In addition, the
correlation of anxiety and depression with inflammatory
markers and nasal function in AR patients was explored.
The findings of the current study will facilitate the develop-
ment of personalized treatment and enhance the diagnosis
and treatment of psychological conditions in AR.

2. Methods
2.1 Patients and Grouping

The information of patients with AR who visited The
Second Affiliated Hospital of Heilongjiang University of
Chinese Medicine from January 2022 to January 2025 was
collected for retrospective analysis. A total of 188 patients
were included. The inclusion criteria are as follows: (1) pa-

tients meeting the diagnostic criteria for AR [18], including
presentation of clinical symptoms (sneezing, watery nasal
discharge, nasal congestion, and nasal itching), and positive
skin prick test or positive sIgE result; (2) patients with per-
sistent AR, marked by presentation of clinical symptoms
lasting for >4 days per week and >4 weeks per year; (3)
patients aged>18 years old; and (4) patients with complete
clinical data. The exclusion criteria are as follows: (1) indi-
viduals suffering from other chronic inflammatory airway
conditions, including chronic obstructive pulmonary dis-
ease, asthma, bronchitis; (2) patients with abnormal heart
and lung function; (3) pregnant women; (4) patients suf-
fering from psychiatric disorders, such as schizophrenia,
hallucination, and cognitive impairment; (5) patients di-
agnosed with other comorbid systemic immune diseases;
(6) patients with a history of nasal surgery; (7) patients
with other nasal diseases, including nasal septum deviation,
nasal turbinate hypertrophy, and sinus malformation; and
(8) patients receiving treatment with immunosuppressants
or glucocorticoids, or taking psychiatric medications within
the past 6 months.

The severity of AR was assessed according to the to-
tal nasal symptom score (TNSS). Specifically, the nasal
symptoms (sneezing, watery nasal discharge, nasal conges-
tion, and nasal itching) were scored using a 4-point Likert
scale: 0 (no symptoms); 1 (mild symptoms, easy to toler-
ate); 2 (obvious symptoms, but still tolerable); 3 (unbear-
able symptoms, affecting daily activities or sleep). The to-
tal scores of four nasal symptoms were calculated. A total
TNSS score ≥6 points was regarded as moderate/severe,
whereas a score <6 points was considered mild [12,19].
All AR patients were divided into two groups according to
the AR severity: mild group (n = 90) and moderate/severe
group (n = 98).

In addition, healthy individuals who attended the same
hospital for routine physical examination were included in
the control group (n = 79). The age, gender and body mass
index (BMI) of these healthy individuals werematchedwith
those of the AR patients. All subjects in the control groups
were confirmed negative for AR based on their medical his-
tory and clinical examination findings. A set of exclusion
criteria were applied in the selection of subjects assigned
to the control group: (1) presence of other allergic diseases
and immunodeficiency diseases; (2) presence of diabetes
and thyroid disease; (3) presence of other respiratory in-
flammatory diseases, such as asthma and tracheitis; and (4)
a history of upper and lower respiratory tract surgery. Fig. 1
shows the flowchart of patient selection.

2.2 Nasal Function

A nasal resistance measurement device (zk-nr-100c,
Anhui Zhongke Medical Devices Co., Ltd., Hefei, China)
was applied to detect nasal airway resistance (NAR). Nasal
mucociliary clearance time (NMCT) was assessed using
saccharin test. Specifically, after clearing the nasal se-
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Fig. 1. Flowchart of patient selection for this study.

cretions, a saccharin particle was placed on the posterior
surface of the nasal turbinates of each subject. The sub-
jects were instructed to swallow once every 30 s. The
time needed for the subject to perceive a sweet taste was
recorded. NAR and NMCT measurements were obtained
from routine clinical records and were performed by trained
physicians according to a standardized protocol at our hos-
pital.

2.3 Assessment of Anxiety and Depression

Hospital Anxiety andDepression (HAD) scale was ap-
plied for the assessment of anxiety and depression [20]. The
HAD scale contains 14 items. Each item has a score range
from 0 (no symptomatic) to 3 (severe symptoms). Seven
items of the scale are used to measure anxiety severity (0–
21 points), whereas the remaining seven items are oriented
for measurement of depression severity (0–21 points). The
total scores for anxiety and depressionwere calculated, with
0–7 indicating normal, 8–10 possible anxiety or depression,
and 11–21 clinical levels of anxiety and depression.

2.4 Detection of Inflammatory Indicators

Fasting venous blood was collected from every patient
in the morning after having fasted for 12 hours. The serum
C-reactive protein (CRP) level was detected using an auto-
matic biochemical analyzer (BC-5390CRP, Mindray Med-
ical, Shenzhen, China). Serum procalcitonin (PCT) lev-
els were detected using commercial kits (H151-1-2, Nan-
jing Jiancheng Bioengineering Institute, Nanjing, China).

Given the alternation of inflammatory factors were sensi-
tive in nasal mucosa of patients with allergic rhinitis, the
levels of interleukin-1β (IL-1β) and tumor necrosis factor-
α (TNF-α) in nasal lavage fluid were measured. Specifi-
cally, 10 mL sterile normal saline was injected into the sub-
jects’ nasal cavity using a syringe. The nasal lavage was
collected and centrifuged (4 ℃, 1200×g, 10 min). The su-
pernatant was collected for the analysis. The IL-1β and
TNF-α levels were measured using kits (H002-1-2 [IL-1β],
H052-1-2 [TNF-α], Nanjing Jiancheng Bioengineering In-
stitute, Nanjing, China). The collection and processing of
samples were all completed by trained physicians and lab-
oratory personnel following standardized procedures.

2.5 Statistical Analysis
SPSS 27.0 (IBM Corp., Armonk, NY, USA) was ap-

plied for statistical analysis. The Shapiro–Wilk test was
employed to assess the normality of data distribution. One-
way analysis of variance (ANOVA) with Tukey’s post hoc
test was used for the inter-group comparisons of normally
distributed data, which are expressed as mean ± standard
deviation (SD). The Kruskal–Wallis test with Dunn’s post
hoc test was used for analyzing non-normal data, which are
expressed as median and quartiles. The Chi-square test and
Fisher’s exact test were used for comparing data of cate-
gorical variables, which are presented as frequency or rate.
Spearman correlation analysis was employed to explore the
correlation of the tested variables with depression and anx-
iety. p < 0.05 was considered statistically significant.
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Table 1. Comparison of general information among three groups.
General information Control group (n = 79) Mild group (n = 90) Moderate/severe group (n = 98) F/H/χ2 p

Age (years) 45.05 ± 7.79 44.43 ± 8.68 44.97 ± 7.77 0.153 0.858
Gender (n, %) 1.798 0.408

Female 41 (51.90%) 38 (42.22%) 43 (43.88%)
Male 38 (48.10%) 52 (57.78%) 55 (56.12%)

BMI (kg/m2) 23.75 (21.14, 26.07) 22.85 (20.90, 25.40) 22.68 (20.19, 24.74) 3.549 0.170
Smoking history (n, %) 3.592 0.166

Yes 27 (34.18%) 25 (27.78%) 21 (21.43%)
No 52 (65.82%) 65 (72.22%) 77 (78.57%)

Drinking history (n, %) 2.415 0.299
Yes 28 (35.44%) 24 (26.67%) 25 (25.51%)
No 51 (64.56%) 66 (73.33%) 73 (74.49%)

Abbreviation: BMI, body mass index.

Table 2. Comparison of inflammatory indicators among the three subject groups.
Inflammatory indicators Control group (n = 79) Mild group (n = 90) Moderate/severe group (n = 98) F/H p

CRP (mg/L) 6.25 ± 1.23 7.92 ± 1.56* 10.41 ± 2.38*& 116.596 <0.001
PCT (ng/mL) 0.03 (0.02, 0.04) 0.04 (0.03, 0.05)* 0.06 (0.05, 0.07)*& 104.052 <0.001
IL-1β (pg/mL) 4.45 ± 1.25 12.17 ± 3.44* 29.34 ± 4.12*& 1370.216 <0.001
TNF-α (pg/mL) 34.33 ± 8.89 74.55 ± 17.75* 113.10 ± 27.80*& 328.979 <0.001
Note: *p < 0.05 compared with the control group, &p < 0.05 compared with the mild group.
Abbreviations: CRP, C-reactive protein; IL-1β, interleukin-1 beta; PCT, procalcitonin; TNF-α, tumor necrosis factor alpha.

3. Results
3.1 General Information of Patients

The general information of AR patients is displayed
in Table 1. There was no significant difference in general
information among three groups (p > 0.05).

3.2 Comparison of Inflammatory Indicators
There were significant differences in inflammatory in-

dicators among the three subject groups (p< 0.001). Com-
pared with the control group, the AR patients exhibited sig-
nificantly increased levels of CRP, PCT, IL-1β and TNF-α
(p < 0.05). Within the AR subjects, the mild group had
lower levels of these inflammatory indicators compared to
the moderate/severe group (p < 0.05) (Table 2).

3.3 Comparison of Nasal Function
The NAR and NMCT in the control group were lower

than those in the AR patients (p < 0.05). Compared with
the mild group, the moderate/severe group showed higher
NAR and NMCT (p < 0.05) (Table 3).

3.4 Comparison of Anxiety and Depression
There were significant differences in anxiety, depres-

sion, the number of clinical anxiety and depression among
three groups (p < 0.001, <0.001, <0.001, 0.001). Com-
pared with the control group, the anxiety and depression
scores in AR patients were significantly increased (p <

0.05). The anxiety and depression scores in the mild group
were lower than these in the moderate/severe group (p <

Table 3. Comparison of nasal function among the three
subject groups.

Group NAR (Pa/cm3/s) NMCT (min)

Control group (n = 79) 0.30 ± 0.08 8.50 ± 1.10
Mild group (n = 90) 0.66 ± 0.14* 11.02 ± 1.64*
Moderate/severe group (n = 98) 0.79 ± 0.18*& 14.57 ± 2.28*&

F 268.867 260.500
p <0.001 <0.001
Note: *p < 0.05 compared with the control group, &p < 0.05 com-
pared with the mild group.
Abbreviations: NAR, nasal airway resistance; NMCT, nasal mu-
cociliary clearance time.

0.05). The number of clinical anxiety and depression cases
in the moderate/severe group were higher than those in the
mild group (16.33% and 12.24% vs. 13.33% and 11.11%)
(Table 4).

3.5 Correlations of Inflammation- and Nasal
Function-Related Indicators With Anxiety and Depression
in AR Patients

In the mild group, anxiety and depression were cor-
related with the NAR (r = 0.334 and 0.442; p = 0.001 and
<0.001), CRP (r = 0.476 and 0.458; both p < 0.001), PCT
(r = 0.234 and 0.234; p = 0.027 and 0.026), IL-1β (r = 0.356
and 0.449; p = 0.001 and <0.001), and TNF-α (r = 0.493
and 0.395; both p < 0.001). NMCT was correlated with
the depression in mild AR patients (r = 0.242, p = 0.022)
(Table 5).
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Table 4. Comparison of anxiety and depression among the three subject groups.
HAD Control group (n = 79) Mild group (n = 90) Moderate/severe group (n = 98) H/χ2 p

Anxiety 3 (2, 4) 7 (5, 8)* 8 (6, 10)*& 125.899 <0.001
Depression 4 (2, 5) 6 (3, 9)* 7 (6, 9)*& 78.994 <0.001
Number of clinical anxiety cases (n, %) 0 (0) 12 (13.33%) 16 (16.33%) / <0.001
Number of clinical depression cases (n, %) 0 (0) 10 (11.11%) 12 (12.24%) / 0.001
Note: Clinical depression is defined as a HAD depression score ≥11, whereas clinical anxiety is defined a HAD anxiety score ≥11. *p < 0.05
compared with the control group, &p < 0.05 compared with the mild group.
Abbreviation: HAD, Hospital Anxiety and Depression.

Table 5. Correlations of inflammation- and nasal
function-related indicators with anxiety and depression in the

mild group (n = 90).
Anxiety Depression

r p r p

NAR 0.334 0.001 0.442 <0.001
NMCT 0.119 0.264 0.242 0.022
CRP 0.476 <0.001 0.458 <0.001
PCT 0.234 0.027 0.234 0.026
IL-1β 0.356 0.001 0.449 <0.001
TNF-α 0.493 <0.001 0.395 <0.001
Abbreviations: CRP, C-reactive protein; IL-1β,
interleukin-1 beta; NAR, nasal airway resistance;
NMCT, nasal mucociliary clearance time; PCT,
procalcitonin; TNF-α, tumor necrosis factor alpha.

Table 6. Correlations of inflammation- and nasal
function-related indicators with anxiety and depression in the

moderate/severe group (n = 98).
Anxiety Depression

r p r p

NAR 0.699 <0.001 0.566 <0.001
NMCT 0.490 <0.001 0.528 <0.001
CRP 0.699 <0.001 0.540 <0.001
PCT 0.351 <0.001 0.298 0.003
IL-1β 0.619 <0.001 0.578 <0.001
TNF-α 0.546 <0.001 0.459 <0.001

In the moderate/severe group, anxiety and depression
were correlated with the NAR (r = 0.699 and 0.566; both
p < 0.001), NMCT (r = 0.490 and 0.528; both p < 0.001),
CRP (r = 0.699 and 0.540; both p< 0.001), PCT (r = 0.351
and 0.298; p < 0.001 and =0.003), IL-1β (r = 0.619 and
0.578; both p < 0.001), and TNF-α (r = 0.546 and 0.459;
both p < 0.001) (Table 6).

4. Discussion

On a global scale, AR contributes to considerable
medical and health burdens. Primarily caused by the in-
teraction between allergens and immunoglobulin E (IgE)
antibodies on the surface of airway cells [21], AR is clin-

ically manifested by sneezing, runny nose, nasal conges-
tion, and itching. Continuous exposure to allergens pre-
cipitates the development of chronic inflammation, which
leads to nasal mucosa damage—a trigger of various nasal
symptoms. AR not only causes breathing challenges, but
may also lead to teary eyes, loss of taste and smell. Patients
with AR typically experience sleep disorders, fatigue, and
irritability, which markedly diminish their quality of life,
causing significant disruptions to their social and daily life
[14,22]. In this study, compared with healthy individuals,
AR patients scored highly for depression and anxiety, and
a significantly greater portion of these patients presented
with clinical symptoms of depression and anxiety. Com-
pared with the mild AR patients, the patients with mod-
erate/severe AR had significantly higher anxiety and de-
pression scores, and more subjects from this group reported
manifestations of clinical anxiety and depression symp-
toms. These findings indicate that throughout the course
of the disease, AR promotes negative emotions of depres-
sion and anxiety, with patients affected by severe condi-
tions showing more pronounced impacts. A previous cross-
sectional study conducted in Portugal also reported similar
results, showing that patients with moderate/severe AR ex-
hibited higher scores for anxiety and depression [14]. But
the proportion of anxiety and depression in AR patients
(27.8% and 36.5%) was higher than that in our study, proba-
bly due to the different statistical methods utilized in analy-
ses. In their research, patients with a HAD score >7 points
were classified as having anxiety and depression. In our
study, we did not further distinguish between moderate and
severe patients because further subdivision might increase
workloads for the attending physicians and did not aid in en-
hancing therapeutic efficacy in clinical practice [19]. Sev-
eral previous studies have adopted the same classification
method as ours [12,14].

Themucociliary system is an important defensemech-
anism that protects the nasal mucosa from allergens.
Through the coordinated, directional movement of cilia,
mucus and the trapped foreign particles (such as dust, bac-
teria, and allergens) from the nasal cavity can be moved to-
ward the nasopharynx, where they will be ultimately swal-
lowed or expelled [23]. The damage of nasal mucocil-
iary clearance (NMC) can lead to recurrent episodes of AR
[12,24]. The saccharin test is commonly used to evaluate
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NMC, with the advantages of ease of operation, noninva-
siveness, and low cost. It measures the time required for
saccharin granules to be transported from the back of the
nasal turbinates to the pharynx, until the subject perceives a
sweet taste [25]. The NARmeasurement reflects the degree
of nasal ventilation in an individual. In the AR contexts,
allergens stimulate the nasal mucosa, causing blood ves-
sel wall thickening and expansion of fibrous tissue, which
are the contributory factors of increased nasal resistance
[26]. In this study, both NAR and NMCT were signifi-
cantly higher in AR patients compared to healthy controls.
The NAR and NMCT of moderate/severe AR patients were
higher than those of mild AR patients, indicating the possi-
bility of nasal dysfunction exacerbation with AR severity.
The ciliary structure in the nasal epithelium of AR patients
is generally damaged, characterized by sparse cilia, disor-
ganized microtubule arrangement, and loss of motor arms
[27]. AR is also accompanied by allergic reaction resulting
in increased mucus secretion and the alteration in composi-
tion and properties of mucus [28,29]. These changes con-
tribute to longer NMCT in AR patients. Batmaz and Ali-
cura Tokgöz [12] reported an increasing trend of NMCT in
children with AR as the disease worsened in severity. We
also observed a similar trend in adult patients with AR in
the present study.

Chronic inflammation of the nasal mucosa is the pri-
mary factor underlying persistent AR. Exposure to aller-
gens stimulates the nasal mucosa, leading to the accumu-
lation of inflammatory cells and the release of various in-
flammatory mediators, which in turn cause damage to the
nasal mucosa [5,6]. Among these inflammatory media-
tors is CRP, which rapidly augments the response to infec-
tion or tissue damage and can activate the complement sys-
tem as well as regulate phagocytosis. PCT serves as a di-
rect marker of the intensity of systemic inflammation [30].
An increase in IL-1β has been reported to promote leuko-
cyte recruitment and acute-phase protein synthesis. An-
other critical inflammatory mediator is TNF-α, which is
secreted by macrophages, T lymphocytes, and monocytes,
and possesses pro-inflammatory properties [31]. In this
study, the AR patients exhibited higher inflammation lev-
els than the healthy individuals. Meanwhile, levels of CRP,
PCT, IL-1β, and TNF-α in patients with moderate/severe
AR were higher than those in mild AR patients, suggesting
that changes in these inflammatory markers are dependent
on AR severity. In this study, we found that the inflamma-
tory indicators and nasal functionwere correlatedwith anxi-
ety and depression in AR patients, with varying strengths of
correlation in the moderate/severe and mild groups. To in-
terpret the magnitude of correlation, r value< 0.3 was neg-
ligible correlation, r value of 0.3–0.5 was weak correlation,
r value of 0.5–0.7 was moderate correlation, and r value >
0.7 was consider as strong correlation [32,33]. In mild AR
patients, NAR, CRP, IL-1β and TNF-α showed weak cor-
relations with anxiety and depression; whereas NMCT was

not correlated with anxiety, only showing negligible corre-
lation with depression. Overall, the correlations between
patient emotions (anxiety and depression) and inflamma-
tory factors and nasal function were mostly weak in mild
AR. This is possibly attributed to the less severe symptoms
in patients with mild AR. For moderate/severe AR patients,
the anxiety and depression were moderately correlated with
NAR, CRP, and IL-1β; NMCT and PCT have weak corre-
lation. TNF-α was moderately correlated with anxiety, and
weakly correlated with depression. These correlations were
stronger in moderate/severe AR than those in mild AR. For
patients with moderate/severe disease, AR has a profoundly
negative impact on their quality of life.

Several limitations of this research should be acknowl-
edged. Owing to the retrospective design of this study, the
results may be subject to potential bias. Therefore, a clin-
ical prospective study is warranted to validate our findings
in the future. In addition, this study only included patients
with persistent AR and did not consider those with intermit-
tent AR. Future studies could take disease persistence into
account to provide a more comprehensive analysis.

5. Conclusion
As the severity of AR increases, patients exhibit

higher levels of anxiety and depression, elevated inflam-
mation levels, and impaired nasal function. Anxiety and
depression are correlated with both nasal function and in-
flammation levels, with these correlations being more pro-
nounced in patients with moderate/severe AR than in those
with mild disease.

Key Points
• Patients with moderate/severe allergic rhinitis (AR)

exhibit higher levels of C-reactive protein (CRP), procalci-
tonin (PCT), interleukin-1 beta (IL-1β), and tumor necrosis
factor alpha (TNF-α) compared to those with mild disease.

• The nasal mucociliary clearance time (NMCT) and
nasal airway resistance (NAR) in moderate/severe AR pa-
tients were higher than those in mild AR patients.

• Moderate/severe AR patients experienced worse
anxiety and depression compared to mild AR patients.

• In patients with mild AR, anxiety and depression
were correlated with NAR, CRP, PCT, IL-1β, and TNF-α,
whereas NMCT was correlated only with depression.

• Compared with those with mild AR, patients with
moderate/severe AR exhibited stronger correlations of anx-
iety and depression with NAR, NMCT, CRP, PCT, IL-1β
and TNF-α.
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