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Objective: To retrospectively study the effects of budesonide inhalation combined with conventional symptomatic treatment on 
serum inflammatory factor expression levels and pulmonary function in patients with cough variant asthma (CVA) and to evaluate 
treatment efficacy.
Methods: This retrospective cohort study included 200 patients diagnosed with CVA at the Second Hospital of Jiaxing between 
January 2022 and June 2023 and given conventional symptomatic treatment plus budesonide inhalation were included in this study. 
Patients were divided into a no remission group, a partial remission group and a complete remission group based on treatment effect. 
The expression levels of serum inflammatory factors, cough symptom scores, and small airway function indicators in the three groups 
of patients at different time points were compared.
Results: In the three groups of CVA patients, after receiving budesonide inhalation combined with conventional symptomatic 
treatment, the expression levels of serum IL-5, IL-6, IL-8, TNF-α, TGF-β1, and IgE and number of eosinophils significantly decreased 
(P <0.05). There were statistically significant differences in the IL-6 and TGF-β1 levels among the three groups of CVA patients at T1, 
T2 and T3. There were statistically significant differences in IgE levels, number of eosinophils, cough symptom scores, and small 
airway function indicators between T2 and T3 (P<0.05). The receiver operating characteristic (ROC) curve prediction analysis 
revealed significant differences in the expression of IL-6 and TGF-β1 at T1, T2, and T3.
Conclusion: Budesonide inhalation combined with conventional symptomatic treatment can significantly reduce the levels of serum 
inflammatory factors in patients with CVA to reduce inflammation and the allergic response, thereby reducing the cough symptom 
score, improving pulmonary function, and improving therapeutic efficacy. In addition, IL-6 and TGF-β1 can be used as early predictors 
of budesonide inhalation efficacy.
Keywords: budesonide, cough variant asthma, cytokines, IL-6, TGF-β1

Introduction
Cough variant asthma (CVA) is a type of asthma whose main clinical manifestation is chronic cough accompanied by airway 
hyperresponsiveness, with no obvious symptoms or signs of wheezing and shortness of breath,1 and it is more obvious at night or 
in the early morning. In recent years, due to environmental changes, the overuse of antibiotics and other factors, the incidence of 
CVA has increased annually.2,3 The pathogenesis of CVA has still not been fully elucidated. Scholars in China and abroad have 
proposed that CVA has certain similarities to typical bronchial asthma; that is, chronic inflammatory changes in the airway are 
predominantly caused by eosinophilic infiltration, with the participation of a variety of inflammatory cells and mediators, and 
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airway hyperresponsiveness.4,5 Moreover, eosinophils can produce leukotriene mediators, thus causing inflammation.6 

Moreover, simple and effective monitoring and evaluation measures for the treatment response and prognosis of patients with 
CVA are lacking. If CVA cannot be effectively controlled in a timely manner, it may develop into typical asthma.

At present, the “Guidelines for the Diagnosis and Treatment of Cough” in China recommend glucocorticoids combined 
with conventional treatment for CVA, and the clinical benefits have been significant. Due to the differences between individual 
patients and variations in conditions, the treatment response of patients still needs to be evaluated in a timely manner during 
clinical treatment to rationally adjust regimens.7 Routine treatments for CVA include bronchodilators, glucocorticoids, 
antiallergic drugs, and leukotriene receptor antagonists.8,9 Budesonide is a glucocorticoid, and its unique molecular structure 
leads to long-acting, highly effective, and local anti-inflammatory effects.10 It has a clear first-pass effect and can reduce 
inflammatory damage, control airway sensitivity, improve pulmonary function, and reduce the symptoms of asthma; therefore, 
it is often used in nebulized inhalation.11 The commonly used clinical methods for evaluating the efficacy of CVA include 
pulmonary function tests, symptom scores, and quality of life assessments. Among them, the pulmonary function test is one of 
the most commonly used evaluation methods and can evaluate a patient’s pulmonary function status by measuring the peak 
expiratory flow (PEF) and forced expiratory volume in one second (FEV1).12 When evaluating the efficacy of CVA treatment, 
a variety of factors should be comprehensively considered, including patient age, patient sex, disease course, disease severity, 
and comorbidities. Moreover, appropriate evaluation methods and indicators need to be selected based on the specific 
conditions of each patient to more accurately evaluate the treatment effect. However, there are few studies on the effects of 
interleukin-5 (IL-5), interleukin-6 (IL-6), interleukin-8 (IL-8), tumour necrosis factor α (TNF-α), transforming growth factor- 
β1 (TGF-β1), and other expression levels on the progression and efficacy of CVA patients receiving budesonide inhalation 
therapy. Therefore, it exists large research space on the relationship between the changes of inflammatory cytokines, TGF-β1, 
IgE and other expression levels in peripheral blood of CVA patients receiving budesonide inhalation therapy at different 
treatment time points and the changes of cough symptom scores and small airway function indexes.

IL-5, IL-6, IL-8, TNF-α, TGF-β1 and IgE, which are associated with the treatment response and prognosis of patients 
with CVA, were analysed in this study. The abovementioned inflammatory factors were measured in the peripheral blood 
of CVA patients receiving budesonide inhalation treatment. The expression levels of cytokines and inflammatory 
mediators were compared at different treatment time points, and the differences in expression levels were compared to 
investigate the duration of action of inhaled budesonide in the treatment of CVA. Moreover, a prediction model of CVA 
molecular markers combined with pulmonary function was constructed based on changes in the cough symptom score 
and small airway function indicators of patients to improve the ability to predict CVA occurrence, CVA development, the 
clinical efficacy of CVA treatment and the prognosis of CVA patients.

Subjects and Methods
Subjects
This study complied with the relevant principles of the Declaration of Helsinki; the rights and interests of the subjects 
were fully protected, the rights of the research subjects to make independent decisions were protected, and the personal 
information of the research subjects was kept confidential. A total of 200 CVA patients admitted to the Department of 
Respiratory Medicine of the Second Hospital of Jiaxing between January 2022 and June 2023 were included. The causes 
of chronic cough were diagnosed via a validated management algorithm according to the Chinese national guidelines on 
the diagnosis and management of cough.13 To observe the therapeutic effect of 200 CVA patients, they were divided into 
a no remission group (16 patients), a partial remission group (72 patients), and a complete remission group (112 patients).

Inclusion criteria: cough duration of more than 8 weeks, and bronchial provocation test positive; antibiotics and 
antitussives were ineffective, and bronchospasmodic or corticosteroids were effective. Complete clinical data; voluntary 
participation in this study.

The exclusion criteria were as follows: (1) liver and kidney functional impairment; (2) drug allergies; (3) chronic 
cough similar to CVA; (4) recent use of bronchodilators; and (5) failure to take medication during the treatment course.
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The treatment efficacy criteria were as follows: complete remission: disappearance of cough symptoms within 3 months of 
treatment; partial remission: significant reduction in cough symptoms, with varying degrees of prolongation of the coughing 
interval or a reduction in the number of coughs; and no remission: no relief of cough symptoms.

Methods
Medication
All patients had received budesonide inhalation combined with conventional treatment (eg, treatment for cough, phlegm, 
or infection). The dose of inhaled budesonide (AstraZeneca Pharmaceutical Co., Ltd., SFDA approval number 
H20140517) was 400 μg/application, 2 times/d. After the improvement of cough symptoms, it was reduced to 200 μg/ 
time, 2 times/d. The discontinuation criteria were as follows: resolution of symptoms.

Test methods
All CVA patients underwent pulmonary function tests and whole blood and serum collection before treatment (T0) and after 
2 weeks (T1), 4 weeks (T2), and 8 weeks (T3) of treatment. A whole-blood test was performed. Five millilitres of peripheral 
venous blood was collected. The blood was allowed to naturally coagulate at room temperature for 10–20 min. The blood 
was subsequently centrifuged for 20 min (2500 r/min; centrifugation radius: 15 cm). The supernatant was collected and 
placed in another clean EP tube. A portion of the serum was used to measure the IgE concentration via an enzyme-linked 
immunofluorescence assay (ELISA), and another portion was cryopreserved at −20 °C until ELISAs.

ELISA Measurement of Serum Inflammatory Indicators
IL-5, IL-6, IL-8, TNF-α, and TGF-β1 levels were measured using ELISA kits (Proteintech, China). For the ELISAs, 
standards were diluted, and samples were added to wells and incubated; the wells were washed, after which enzymes 
were added. After washing, colour development reagents were added. The absorbance (OD) value of each well was 
measured sequentially at a wavelength of 450 nm. The measurement was performed within 15 min after the addition of 
stop solution. The corresponding concentration from a standard curve was multiplied by the dilution factor to calculate 
the concentrations of IL-5, IL-6, IL-8, TNF-α, and TGF-β1 in the samples.

Cough Symptom Score
The cough symptom scores, including the daytime symptom score and nocturnal symptom score, were recorded for the 
two groups before and after treatment.14,15 The daytime symptom score was 0 for patients who were asymptomatic 
during the day, 1 for patients with occasional coughing during the day, 2 for patients with intermittent single coughing 
during the day, and 3 for patients with intermittent coughing during the day. The nocturnal symptom score was 0 points if 
the patient did not have any symptoms at night, 1 point if the patient woke up once due to coughing at night, 2 points if 
the patient woke up twice due to coughing at night, and 3 points in the patient woke up more than 3 times due to 
coughing at night.

Pulmonary Function Test
The conventional pulmonary ventilation function of patients was evaluated using the MasterScreen pulmonary function 
detection system (Jaeger, Germany). Pulmonary function indicators were recorded, including the percentage of forced 
expiratory volume at the end of the first second (FEV1% pred), forced vital capacity (FVC), and peak expiratory 
flow (PEF).

Statistical Analysis
GraphPad Prism 7.0 software was used for the statistical analysis. All quantitative data are expressed as ±s. Comparisons 
among multiple groups were performed using one-way analysis of variance (ANOVA), and count data were compared 
using the χ2 test. Receiver operating characteristic (ROC) curves were plotted, and the area under the curve (AUC) was 
calculated. P < 0.05 was considered statistically significant.
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Results
Comparison of the Basic Information of the CVA Patients in the Three Groups
A retrospective study of 200 CVA patients who received budesonide combined with conventional treatment was 
performed; 114 males and 86 females were included. The oldest patient was 87 years of age, and the youngest was 29 
years of age. CVA patients treated with budesonide were divided into a no remission group, a partial remission group and 
a complete remission group based on remission rate. Among them, there were 112 patients in the complete remission 
group, with a clinical complete remission rate of 56%; 72 patients in the partial remission group, with a clinical partial 
remission rate of 36%; and 16 patients in the no remission group, with a clinical no remission rate of 8%. Age, sex, 
smoking history, history of allergic rhinitis, and duration of disease were not significantly different among the three 
groups (Table 1).

3.2 Effect of budesonide treatment on the expression of inflammatory cytokines in the serum of CVA patients at 
different time points

To understand the changes in inflammatory cytokines in the serum of CVA patients treated with budesonide for 
different durations, ELISAs were used to measure the levels of IL-5, IL-6, IL-8, TNF-α and TGF-β1 in the serum of CVA 
patients at the four time points (T0, T1, T2, and T3). The results showed that all serum inflammatory factor levels 
gradually decreased with CVA treatment. Among them, compared with those in the no remission group and the partial 
remission group, the expression levels of IL-6 and TGF-β1 in the remission group were significantly lower at the T1, T2, 
and T3 time points (P <0.05). There was a statistically significant difference in the serum IL-8 concentration among the 
CVA patients in the three groups at T3 (P <0.05), with the lowest level occurring in the remission group. Although the 
expression levels of serum IL-5 and TNF-α also decreased with CVA treatment, there were no significant differences 
among the three groups of CVA patients at different time points (P>0.05). Therefore, we propose that although these 
inflammatory cytokines are involved in the development of airway inflammation in CVA patients, IL-6 and TGF-β1 
levels are directly correlated with the efficacy of budesonide treatment (Table 2).

3.3 Effect of budesonide treatment on the serum IgE concentration and number of eosinophils in the blood of patients 
with CVA

The effects of budesonide treatment on the levels of IgE in the serum and eosinophils in the blood of CVA patients 
were assessed at different time points. The results showed that both the serum IgE concentration and the absolute number 
of eosinophils gradually decreased with CVA treatment. Between time points T2 and T3, there were statistically 
significant differences in the serum IgE concentration and absolute number of eosinophils among the three groups of 
CVA patients (P < 0.05), and the expression level in the remission group was significantly lower than that in the no 

Table 1 Comparison of Baseline Data with Three CVA Groups

Non-Remission 
Group

Partial Remission 
Group

Complete Relief 
Group

P value

Total samples 16 72 112

Age (years) 52.31±7.82 50.27±9.41 51.81±6.52 0.38
Sex 0.76

Male 9 40 65

Female 7 36 47
Smoking 0.23

Yes 8 41 75

No 8 31 37
History of allergic rhinitis 0.47

Yes 7 22 32

No 9 50 80
Course (month) 16.38±3.42 14.52±2.11 15.34±4.67 0.15

Notes: Data are presented as mean ± SD.
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remission group and the partial remission group. There were no significant differences in the serum IgE levels or the 
absolute number of eosinophils in the three groups of CVA patients at the T1 and T2 time points (P >0.05) (Table 3).

Effect of Budesonide Treatment on the Pulmonary Function of Patients with CVA
To further understand the effect of budesonide on the pulmonary function of CVA patients at different time points, we 
evaluated the cough symptom score and the FEV1, FVC and PEF values. The results showed that the cough symptom 
score and all the indicators of pulmonary function improved after budesonide treatment. Among them, the cough 
symptom score as well as the values for FEV1, FVC, and PEF, which are indicators of pulmonary function, were 
significantly different among the three groups of CVA patients at T2 and T3 (P < 0.05) (Table 4).

Evaluation Value of Different Indicators for CVA Patients Receiving Budesonide Treatment
ROC curves were generated to analyse whether different indicators at different time points were significantly related to 
remission in patients treated with budesonide. The results showed that at the T1 period, the AUC for IL-6 was 0.65 (95% 

Table 2 Serum Cytokine Indicators with Three CVA Groups

Cytokine Indicators Group N T0 T1 T2 T3

IL-5 (pg/mL) Non-remission group 16 21.32±5.17 17.41±4.01 15.32±3.94 11.14±2.18
Partial remission group 72 18.92±4.87 16.38±4.47 14.31±3.71 10.52±1.36

complete relief group 112 20.34±6.85 15.63±3.84 13.93±1.71 10.38±0.85

P value 0.19 0.18 0.16 0.06
IL-6 (pg/mL) Non-remission group 16 88.13±13.41 68.93±10.91 48.75±7.95 32.76±6.64

Partial remission group 72 80.69±13.88 63.63±11.01 36.42±8.83 20.58±4.96

complete relief group 112 83.27±11.97 52.37±10.53 20.18±5.78 10.39±3.85
P value 0.09 <0.001*** <0.001*** <0.001***

IL-8 (pg/mL) Non-remission group 16 45.41±6.72 29.05±5.61 20.35±4.37 15.62±3.77
Partial remission group 72 42.73±5.89 30.21±7.72 19.62±6.21 14.73±5.32

complete relief group 112 44.01±7.01 28.22±6.54 17.73±3.68 10.05±1.95

P value 0.24 0.17 0.05 <0.001***
TNF-α (pg/mL) Non-remission group 16 30.94±3.14 23.32±2.83 16.52±3.47 15.44±2.10

Partial remission group 72 33.02±5.03 21.26±3.28 14.55±3.55 14.26±3.30

complete relief group 112 31.57±4.87 22.06±3.96 15.32±3.94 14.92±3.85
P value 0.09 0.11 0.13 0.33

TGF-β1(pg/mL) Non-remission group 16 51.41±8.52 40.06±6.36 26.52±4.11 23.81±4.08

Partial remission group 72 48.62±6.57 24.62±3.74 18.42±2.45 14.85±2.51
complete relief group 112 47.64±5.97 20.41±3.61 14.52±3.05 10.49±2.19

P value 0.06 <0.001*** <0.001*** <0.001***

Notes: IL-5: interleukin-5; IL-6: interleukin-6; IL-8: interleukin-8; TNF-α: tumor necrosis factor α; TGF-β1: transforming growth factor 
β1. Data are presented as mean ± SD. ***P < 0.001, significantly different from the values among the three groups.

Table 3 IgE and Eosinophil Indicators with Three CVA Groups

Cytokine indicators Group N T0 T1 T2 T3

IgE (U/L) Non-remission group 16 184±25.05 150±23.54 142±23.11 133±20.78
Partial remission group 72 169±24.62 141±23.82 118±21.25 105±20.94

complete relief group 112 175±22.52 138±21.92 114±21.74 95±20.65

P value 0.06 0.13 <0.001*** <0.001***
eosinophil (×109/L) Non-remission group 16 0.40±0.07 0.35±0.04 0.33±0.03 0.32±0.02

Partial remission group 72 0.39±0.06 0.34±0.04 0.25±0.03 0.21±0.02

complete relief group 112 0.37±0.07 0.33±0.05 0.22±0.02 0.18±0.01
P value 0.06 0.15 <0.001*** <0.001***

Notes: Data are presented as mean ± SD. ***P < 0.001, significantly different from the values among the three groups.
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CI was 0.48–0.80, the sensitivity was 35.67%, and the specificity was 95.33%); at the T2 period, the AUC for IL-6 was 
0.69 (95% CI was 0.53–0.80, the sensitivity was 38.50%, and the specificity was 91.25%); and at the T3 period, the AUC 
for IL-6 was 0.72 (95% CI was 0.50.5–0.85, the sensitivity was 89.67%, and the specificity was 45.33%), P <0.05. At the 
T1 period, the AUC for TGF-β1 was 0.69 (95% CI was 0.40–0.69, the sensitivity was 40.50%, and the specificity was 
75.50%); at the T2 period, the AUC for TGF-β1 was 0.71 (95% CI was 0.42–0.75, the sensitivity was 85.67%, and the 
specificity was 54.33%); and at the T3 period, the AUC value for TGF-β1 was 0.74 (95% CI was 0.539–0.825, the 
sensitivity was 96.33%, the specificity was 51.50%), P <0.05. At the T3 period, the AUC for the cough symptom score 
was 0.67 (95% CI=0.48–0.76, sensitivity=96.50%, specificity=37.50%), P<0.05. There was no significant difference in 
the remaining variables (P >0.05) (Table 5).

Table 4 Cough Symptom Score and Small Airway Function Index with Three CVA Groups

Cytokine Indicators Group N T0 T1 T2 T3

cough symptom score Non-remission group 16 5.13±0.53 4.62±0.43 3.91±0.46 3.81±0.26
Partial remission group 72 5.01±0.61 4.45±0.55 3.21±0.34 2.65±0.30

complete relief group 112 4.85±0.49 4.31±0.42 2.68±0.35 1.32±0.27

P value 0.05 0.02* <0.001*** <0.001***
FEV1 (L) Non-remission group 16 1.32±0.28 1.50±0.46 1.55±0.36 1.64±0.16

Partial remission group 72 1.40±0.44 1.62±0.41 1.78±0.37 1.94±0.41

complete relief group 112 1.38±0.48 1.72±0.36 2.04±0.42 2.31±0.38
P value 0.81 0.05 <0.001*** <0.001***

FVC (L) Non-remission group 16 2.41±0.15 2.50±0.21 2.61±0.15 2.78±0.34
Partial remission group 72 2.50±0.18 2.61±0.27 2.72±0.23 2.84±0.21

complete relief group 112 2.52±0.21 2.64±0.18 2.79±0.17 2.97±0.31

P value 0.11 0.12 0.01** 0.002**
PEF (L/s) Non-remission group 16 2.81±0.36 2.98±0.49 3.15±0.37 3.32±0.41

Partial remission group 72 2.93±0.44 3.22±0.54 3.44±0.52 3.65±0.46

complete relief group 112 2.92±0.32 3.17±0.61 3.67±0.58 3.91±0.65
P value 0.48 0.32 <0.001*** <0.001***

Notes: Data are presented as mean ± SD. *P < 0.05, significantly different from the values among the three groups. **P < 0.01, 
significantly different from the values among the three groups. ***P < 0.001, significantly different from the values among the 
three groups. 
Abbreviation: FEV1, forced expiratory volume at the end of the first second. FVC, forced vital capacity. PEF, peak expiratory 
flow.

Table 5 The ROC Curve Analysis of Complete Relief Group

Groups AUC 95% CI Sensitivity Specificity P value

IL-6 (T1) 0.65 0.48–0.80 35.67% 95.33% 0.04*

IL-6 (T2) 0.69 0.53–0.83 38.50% 91.25% 0.02*

IL-6 (T3) 0.72 0.55–0.85 89.67% 45.33% 0.01*
IL-8 (T3) 0.62 0.38–0.70 29.50% 88.00% 0.08

TGF-β1 (T1) 0.69 0.40–0.69 40.50% 75.50% 0.03*
TGF-β1 (T2) 0.71 0.42–0.75 85.67% 54.33% 0.02*

TGF-β1 (T3) 0.74 0.50–0.86 96.33% 51.50% 0.01*

IgE (T2) 0.54 0.35–0.63 59.33% 55.67% 0.16
IgE (T3) 0.60 0.46–0.65 54.67% 77.33% 0.08

eosinophil (T2) 0.52 0.36–0.48 58.50% 51.25% 0.25

eosinophil (T3) 0.58 0.40–0.54 93.67% 15.33% 0.14
cough symptom score (T1) 0.54 0.32–0.52 68.50% 58.67% 0.23

(Continued)
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Discussion
CVA is a special type of asthma and a common respiratory disease. Timely and effective treatment and treatment efficacy 
evaluations are important for treating this disease. In this study, we retrospectively analysed the remission of CVA 
patients after budesonide treatment. After treatment, clinical symptoms, serum inflammatory cytokines, and pulmonary 
function recovery improved significantly. Studies have shown that budesonide is effective at controlling the symptoms of 
CVA, has few systemic adverse reactions, and has strong local anti-inflammatory effects; moreover, it has been widely 
used in clinical practice to treat bronchial asthma.16 After budesonide is inhaled into the lungs, it specifically binds to 
glucocorticoid receptors expressed in the cytoplasm of target cells to affect the transcription of various inflammatory 
factors, thereby exerting its anti-inflammatory effect.17

In retrospective studies, after budesonide treatment, the relevant inflammatory indicators significantly normalized, 
with improvements in the remission group being more significant than those in the control group at different time points. 
These findings indicate that inflammatory cytokines are involved in the CVA progression and are consistent with the 
findings of published reports in China and abroad.18,19 IL-6 is a proinflammatory cytokine secreted by TH2 cells that can 
induce the differentiation of B lymphocytes and the proliferation of T helper cells and is involved in chronic airway 
inflammation and airway remodelling.20 TGF-β1 is secreted mainly by eosinophils and plays dual roles in the pathogen
esis of CVA; an increase in TGF-β1 can cause a weakened inflammatory response and enhanced airway reconstruction.21 

However, if the airway is subjected to repeated antigen stimulation, chronic inflammation can occur, possibly leading to 
a persistent and excessive increase in TGF-β1 levels, which can cause tissue fibrosis, airway reconstruction and chronic 
airway obstruction.22 Therefore, serum IL-6 and TGF-β1 can be used as valuable blood indicators for evaluating the 
efficacy of CVA treatment. However, these indicators are related to Th2 cell immunity, which has certain limitations for 
the disease research of CVA patients, but also for some lymphocyte immunity research as a reference.

CVA patients often have different degrees of pulmonary function damage and reversible airway obstructive changes, 
and most have no wheezing symptoms, with chest tightness and cough being the only clinical manifestations. Due to the 
increased vagal tone at night, cough symptoms mostly manifest at night.23 Persistent airway hyperresponsiveness and 
small airway obstruction are common features of CVA and bronchial asthma in terms of pulmonary function. Therefore, 
pulmonary function tests have important clinical significance for the diagnosis and treatment of this disease. Our results 
confirmed that budesonide inhalation therapy can effectively improve the pulmonary function of patients with CVA. 
However, pulmonary function indicators generally decreased after 4–8 weeks, and serum IL-6 and TGF-β1 significantly 
decreased at 2–4 weeks. The ROC curve results indicated that serum IL-6 and TGF-β1 concentrations at 2 weeks could 
better predict the effect of budesonide treatment. Therefore, we concluded that serum IL-6 and TGF-β1 have obvious 
significance in predicting the efficacy of budesonide inhalation in the 2 weeks treatment of CVA in clinical application. 
However, the sample quantity is not large enough, and the expression of inflammatory markers at different time points 
may have certain defects. More specimens are needed to support these views in the future.

In conclusion, budesonide inhalation combined with conventional symptomatic treatment can significantly reduce the 
levels of serum IL-5, IL-6, IL-8, TNF-α, TGF-β1, and IgE and number of eosinophils in patients with CVA to reduce 

Table 5 (Continued). 

Groups AUC 95% CI Sensitivity Specificity P value

cough symptom score (T2) 0.60 0.45–0.68 88.67% 42.33% 0.07

cough symptom score (T3) 0.67 0.48–0.76 96.50% 37.50% 0.03*
FEV1 (T2) 0.48 0.32–0.58 52.50% 34.33% 0.34

FEV1 (T3) 0.51 0.36–0.57 13.50% 65.33% 0.28

FVC (T2) 0.36 0.12–0.42 59.33% 55.67% 0.44
FVC (T3) 0.54 0.40–0.66 75.67% 24.50% 0.16

PEF (T2) 0.44 0.21–0.54 59.50% 55.33% 0.35

PEF (T3) 0.52 0.35–0.51 75.50% 15.33% 0.29

Notes: compared to the reference line AUC=0.5. *P < 0.05, with statistical significance in CVA.
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inflammation and the allergic response, thereby reducing the cough symptom score, improving pulmonary function, and 
improving therapeutic efficacy. At different time points, IL-6 and TGF-β1 were good early predictors of the efficacy of 
budesonide treatment.
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