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Abstract 

Objective: The aim of our study is to provide a novel strategy to administer treatment at the first signs of severe air 

pollution and before patients experience symptoms for preventing airway damage. 

Methods: This single-center, prospective, randomized and standard treatment parallel control clinical trial recruited 

adult asthma patients. The patients were randomized into either the rescue intervention strategy (RIS) group or control 

group. The rescue intervention strategy for the RIS group included budesonide/formoterol plus the original treatment 

until the severe pollution ended. The control group was maintained on the original treatment. The follow-up observation 

period was 1 year. 

Results: Overall, 22 participants were enrolled and 20 completed the follow-up (11 in the RIS group and 9 in the 

control group). Two participants dropped out of the trial for personal reasons before the first follow-up. In the 

intention-to-treat analysis, the frequency of asthma exacerbations per year was significantly lower in the RIS group than 

in the control group (RIS vs. control, 0.55 vs. 2.67; risk rate [RR] [95% confidence interval {CI}], 0.21 [0.08-0.50]; 

p = 0.001). The mean number of unplanned outpatient visits per person per year was also lower in the RIS group than in 

the control group (RIS vs. control, 0.18 vs. 1.11; RR [95% CI], 0.16 [0.04-0.75]; p = 0.019). 

Conclusion: A novel strategy to administer treatment at the first signs of severe air pollution and before patients 

experience symptoms may decrease the risk of asthma exacerbations and negative outcomes under severe air pollution 

conditions. 

Trial registration: ChiCTR, ChiCTR1900026757. http://www.chictr.org.cn. 
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Introduction 

Air pollution and its serious consequences, particularly in China and other developing 

countries, have drawn increased attention. Air pollution can cause critical public health problems. A 

retrospective study of 80 515 deaths in Beijing during 2004-2008 revealed that the reduction in life 

expectancy was associated with increased air pollution. More specifically, an interquartile range 

increase in particulate matter (PM) with an aerodynamic diameter <2.5 μm (PM2.5), PM10, SO2, and 

NO2 was associated with 15.8, 15.8, 16.2, and 15.1 years of life lost, respectively (1). 

Asthma is a common chronic airway inflammatory disease, and more than 45 million adults 

in China have asthma (2).
 
Asthma exacerbation accelerates disease progression and increases the 

incidence of hospitalizations and deaths. Furthermore, air pollution can cause asthma exacerbations
 

(3). Unfortunately, few treatment strategies have been recommended to reduce severe air 

pollution-related asthma exacerbations. Inhaled corticosteroids (ICSs)/long-acting β-agonists 

(LABAs) with single maintenance and relief therapy (SMART) significantly reduce asthma 

exacerbations
 
(4). The SMART strategy might relieve the airway inflammation by a 

symptom-driven additional use of ICSs/formoterol and then prevent the onset of asthma 

exacerbations
 
(5). Our previous HEART study found that air pollution led to a delayed 

inflammatory burst in lung
 
(6), which provide a critical interventional time window to prevent the 

formation of inflammatory response. Once the respiratory symptoms occur, it means that the airway 

injury and inflammation induced by air pollution have already developed. 

Therefore, we speculate that the symptom-driven SMART strategy might be insufficient to 

prevent the air pollution related asthma exacerbations. We hypothesize that the rescue intervention 

strategy of budesonide/formoterol plus original treatments under severe pollution may reduce the 

risk of asthma exacerbations, which is measured by the frequency of asthma exacerbations per year. 

The aim of our study is to provide a novel strategy to administer treatment at the first signs of severe 

air pollution and before patients experience symptoms for preventing airway damage. 

Methods 

Trial design and participants 

This was a single-center, prospective, randomized and standard treatment parallel control 

clinical trial. The study design flowchart is shown in Figure 1, and the study protocol has been 

previously published (7). 

Participants were recruited from Peking University First Hospital, and informed consent was 

obtained at screening. Basic data, including sex, age, education, income, type of medical insurance, 

workplace/home addresses, the air pollution monitoring station for the study (defined as the nearest 

air pollution monitoring station from the workplace for employees or from home for nonemployees), 

medical/surgical history, suspected allergen contact history (such as pets), therapeutic scheme for 
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asthma, and any exacerbations experienced within the past 3 months, were collected at the baseline 

visit (V0). Physical examinations (including those for height, weight, body mass index, heart rate, 

and blood pressure) were also performed. We used Chinese versions of the asthma assessment 

scales, such as the Mini Asthma Quality of Life Questionnaire (miniAQLQ), the Asthma Control 

Questionnaire (ACQ) 5, the ACQ7, and Asthma Control Test (ACT), which have shown good 

validity
 
(8). Lung function testing (bronchodilator reversibility test) and fraction of exhaled nitric 

oxide (FeNO) measurements were also performed. 

Several interventions, such as no use of inhaled medication, the use of short-acting 

β-agonists (SABAs) on demand, or the use budesonide/formoterol (160 μg/4.5 μg/dose, 1-2 

dose/time, b.i.d.), were acceptable as the original treatment in our study. Participants receiving other 

treatments entered a washout period (Table 1 and Supplementary Figure 1). Thereafter, they were 

randomly divided into two groups: the rescue intervention strategy (RIS) group and the control 

group. Exacerbation situations in the past 3 months, physical examinations, asthma assessment 

scales, lung function tests (bronchodilator reversibility tests), and FeNO measurements were 

repeated on the randomization day (V1). 

Participants visited Peking University First Hospital every 3 months and were followed up 

for 1 year (V2-V5). At each visit, exacerbations in the past 3 months, physical examinations, asthma 

assessment scales, and lung function tests (bronchodilator reversibility tests) were repeated. FeNO 

measurements were repeated only at the final visit (V5). 

Inclusion criteria 

The inclusion criteria were as follows: (1) age between 18 and 80 years (male or female 

individuals); (2) patients with asthma at the non-exacerbation stage according to Global Initiative 

for Asthma 2017 guidelines; (3) smoking cessation for ≥6 months or no smoking history; (4) no 

restrictions in performing daily activities; (5) a resident of Beijing (there should be an air pollution 

monitoring station within 5 km an employee’s workplace and or within 5 km of their home for 

nonemployees); (6) a smartphone available at their disposal; (7) willing to provide written informed 

consent; and (8) willing to follow the research program. 

Exclusion criteria 

The exclusion criteria were as follows: (1) diagnosis of another chronic respiratory disease, 

such as chronic obstructive pulmonary disease, lung cancer, tuberculosis, bronchiectasis, and diffuse 

lung disease (interstitial pneumonia, occupational lung disease, sarcoidosis, etc.); (2) a history of 

lobectomy, lung transplantation, or pleural disease; (3) severe underlying disease (including severe 

psychiatric disorders, developmental delay, nervous system disease, other malignant tumor, chronic 

liver disease, heart failure, autoimmune disease, and chronic kidney disease); (4) life expectancy of 

<3 years; (5) no participation in outdoor activities; (6) expecting to move out of Beijing within 

2 years; (7) planning to decorate home or workplace during the research period; (8) alcohol or 

substance abuse; (9) allergy history or other contraindication against the medicine used in this trial; 

(10) participating in other clinical trials; (11) poor compliance; (12) unwilling to provide written 
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informed consent; (13) diagnosis of osteoporosis or diabetes owing to the risk of adverse effects 

related to using budesonide/formoterol; or (14) cigarette smoking ≥10 pack-years. 

Randomization and grouping 

Block randomization was used to generate random codes. The random codes were designed 

in a 1:1 ratio (RIS group or control group) using the SAS 9.2 software package (SAS Institute, Cary, 

NC). A researcher not participating in this study generated the random codes. A participant was 

assigned to the RIS or control group according to the randomization result. Only the participant and 

researchers responsible for grouping and intervention were informed of the randomization result. 

Intervention 

After randomization and grouping, all participants were asked to become friends with the 

intervention clinician on WeChat, a popular social app provided by Tencent Company, China. 

Communications between participants and the intervention clinician were mainly conducted through 

the WeChat app. The data in this app were saved and backed up. 

The real-time air quality index (AQI) was collected from the Beijing Air Pollution app 

(provided by the Beijing Municipal Environmental Monitoring Center, China). The intervention 

clinician sent the real-time AQI from the air pollution monitoring station for the study to each 

participant via WeChat between 9 AM and 10 AM every day. When the AQI was ≥200, the 

intervention clinician would ask participants in the RIS group to take budesonide/formoterol 

(160 μg/4.5 μg/dose, 1 dose/time, b.i.d.) plus the original treatment until the severe pollution ended 

(AQI <200). At the same time, the control group was asked to focus on protective strategies (avoid 

outdoor activities, for example) and maintain their original treatments. Those in the intervention 

group were also given information on protective strategies. The follow-up observation period was 

1 year. 

Follow-up and data collection 

Participants were asked to visit the intervention clinician when they visited the hospital to 

receive their medication for asthma or because of respiratory symptoms. The intervention clinician 

would assign a clinician from our study to provide medical services to the participants. Medical 

records were completed and saved in the Medical Record System of Peking University First 

Hospital. If the participant visited another hospital for an emergency, medical records from the 

hospital would be photographed or scanned by the intervention clinician to preserve the data. 

Participants were asked to visit Peking University First Hospital every 3 months for 1 year 

(V2-V5). At each visit, exacerbations in the past 3 months, physical examinations, asthma 

assessment scales, and lung function tests (bronchodilator reversibility tests) were repeated. 

Exacerbation situations included moderate exacerbations (defined as the use of relief therapy for 

more than 2 days) and severe exacerbations (defined as the occurrence of unplanned outpatient 

visits, emergency visits, and hospitalizations). The exacerbation situation was verified using 
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medical records from Peking University First Hospital and other hospitals. All visits (V0-V5) and 

data were recorded in case report forms. 

To reduce the risk of severe acute respiratory syndrome coronavirus 2 infection, follow-up 

visits were changed to online visits by WeChat during the pandemic period. For each online visit, 

data regarding any exacerbations experienced during the previous 3 months were still collected, and 

the asthma assessment scales were still used. However, data regarding physical examinations, lung 

function tests (bronchodilator reversibility tests), and ACQ7 and FeNO measurements were not 

acquired. These modifications to the protocol were approved by the Peking University First 

Hospital Institutional Review Board. 

Clinicians and blinding method 

All researchers participating in this clinical study received systematic training before patient 

enrolment. Throughout the study, the researchers responsible for the interventions and 

randomization and grouping were separated from the other researchers. As a result, those 

responsible for providing medical services and measuring asthma assessment scales were blinded to 

the study grouping. Data analysts were also blinded by having the data labeled as “group A” or 

“group B” when data analysis was performed. 

Outcomes 

The primary outcome was the frequency of asthma exacerbations per year, defined as the 

mean number of asthma exacerbations per person per year at the end of the 1-year follow-up period. 

Asthma exacerbation situations included moderate exacerbations (defined as the use of relief 

therapy for more than 2 days) and severe exacerbations (defined as the occurrence of unplanned 

outpatient visits, emergency visits, and hospitalizations). 

The secondary outcomes included the mean number of unplanned outpatient visits, 

emergency visits, hospitalizations, medical costs, and mortality caused by asthma exacerbations per 

person per year at the end of the 1-year follow-up period. 

Safety and adverse events 

Adverse events are any untoward medical occurrence that may present during treatment but 

which does not necessarily have a causal relationship with this treatment. Data regarding adverse 

events were systematically collected via spontaneous self-reporting. All adverse events were 

carefully monitored, managed, and tracked in a timely manner until they were properly resolved, 

stabilized, or returned to normal. The occurrence of adverse events was recorded from the beginning 

to the end of the study. Severe adverse events were analyzed every 3 months during the study. If 

there was a definite benefit (P < 0.01) or an obvious disadvantage (P ≤ 0.05), the study would be 

stopped after discussion with the center and the approval of the ethics committee. 

Sample size 
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According to a previous study, asthma-related outpatient visits were increased by 0.65% and 

emergency visits by 0.49% in Beijing for every 10 μg/m
3
 PM2.5 increase

 
(9). Furthermore, the 

incidence of asthma exacerbations increased by 3-6% for every 10-μg/m
3 

PM10 increase
 
(10). The 

Beijing Environmental Statement published in 2016 by the Beijing Environmental Protection 

Agency showed that the monthly mean concentration of PM2.5 increased from approximately 

70 μg/m
3
 to 150 μg/m

3
, and the mean concentration of PM10 increased from 52 μg/m

3
 to 150 μg/m

3
 

(11). This meant that the risk of asthma exacerbations increased by at least 30% as air pollution 

changed. Assuming an exacerbation frequency rate ratio of 0.85 in the RIS group compared to the 

control group, a total of 60 subjects (30 in each group) were required to detect a 75% reduction in 

air pollution-related exacerbation at 90% power with a two-sided significance level of 0.05. We 

aimed to recruit a total of 72 subjects considering a dropout rate of 20%. 

Statistical analyses 

Statistical analysis was conducted using SPSS 14.0 software (International Business 

Machines Corp., New Your, USA). All statistical analyses were performed by the two-sided test. P 

values <0.05 were considered statistically significant (unless otherwise specified). Numeric 

variables are presented as the mean (standard deviation [SD]) or median (minimum, maximum 

range), and categorical variables are presented as the number of cases (percentage). Baseline 

characteristics were summarized using the equilibrium test. Numeric variables were analyzed using 

the independent sample t-test or Wilcoxon rank sum test. Categorical variables were analyzed using 

chi-square test, continuity-corrected chi-square test, or Fisher’s exact test. Primary and secondary 

outcomes (including the frequency of asthma exacerbations per year, the mean number of 

unplanned outpatient visits, emergency visits, hospitalizations, and mortality caused by asthma 

exacerbations per person per year) were compared between the two groups by the Poisson 

regression model for calculating the 95% confidence intervals (CIs) and the risk ratios (RRs). The 

mean value of medical costs caused by asthma exacerbations per person per year and other data at 

the end of the follow-up were compared between the two groups by the generalized linear mixed 

model for calculating the 95% confidence intervals (CIs) and the mean differences. We had no 

imputation plans for missing data. The population of the intention-to-treat (ITT) analysis was 

defined as participants who completed randomization. The population of the per-protocol (PP) 

analysis was defined as participants who strictly observed the intervention protocol and completed 

the follow-up. The population of the safe set (SS) analysis was defined as participants who 

completed randomization. We had no plans to conduct a modified ITT analysis. 

Results 

Twenty-five participants were assessed for eligibility from January 2019 to June 2019. The 

recruitment period was limited by the time period of funding support. One participant met the 

exclusion criteria of cigarette smoking >10 pack-years and two others refused to sign the informed 

consent. Finally, 22 participants were enrolled and randomly divided into either the RIS or control 

group. This population was enrolled in the ITT and SS analyses. Two participants dropped out of 

this trial before the first follow-up visit (V1): one refused follow-up for a personal reason and the 

other wanted to participant in another research study. At the end of June 2020, 20 participants had 

strictly observed the intervention protocol, completed the 1-year follow-up, and were enrolled in the 
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PP analysis (11 in the RIS group and 9 in the control group). No participants needed the washout 

period. The participant flow diagram is shown in Figure 2. And the relationship of AQI and asthma 

exacerbation events is shown in Figure 3. 

There were no significant differences in baseline demographics and clinical characteristics 

between the two groups in the ITT analysis (Table 2 and Supplementary Table 1). Regarding 

primary outcomes, the frequency of asthma exacerbations per year was significantly lower in the 

RIS group than in the control group (RIS vs. control, 0.55 vs. 2.67; RR [95% CI], 0.21 [0.08–0.50]; 

p = 0.001). The frequencies of moderate and severe exacerbations were lower in the RIS group than 

in the control group (moderate, p = 0.010; severe, p = 0.019). Regarding secondary outcomes, the 

mean number of unplanned outpatient visits per person per year was lower in the RIS group than in 

the control group (RIS vs. control, 0.18 vs. 1.11; RR [95% CI], 0.16 [0.04–0.75]; p = 0.019). 

However, no difference was observed in the mean medical cost caused by exacerbations between 

the two groups. There were also no unplanned emergency visits, hospitalizations, or mortalities 

during the follow-up period in both groups. At the end of the follow-up period, the miniAQLQ 

score in the RIS group increased by 0.91 points compared with the baseline, while that in the control 

group increased by only 0.17 points (mean difference [95% CI], 0.67 [0.04–1.30]; p = 0.037). In 

addition, we calculated the doses and days of ICS or ICS/LABA use plus the original treatment per 

person per year, which included budesonide/formoterol plus the original treatment for intervention 

in the RIS group, and ICS or ICS/LABA plus the original treatment for relief therapy in both groups. 

Interestingly, only budesonide/formoterol (160 μg/4.5 μg/dose) was used as the ICS or ICS/LABA 

plus the original treatment for relief therapy during the follow-up period. There was no difference 

between the two groups with respect to the doses and days of budesonide/formoterol plus the 

original treatment per person per year. For other medications of exacerbations, no difference was 

observed between the two groups with respect to oral corticosteroid and leukotriene inhibitors. And 

no biologics have been used during the study. The details of outcomes are shown in Table 3. 

The PP analysis revealed that there was no significant difference in baseline demographics 

and clinical characteristics between the two groups (Supplementary Tables 2 and 3). Because of the 

loss of participants who dropped out before the first follow-up visit and because we had no 

imputation plans for missing data, the results of the primary and secondary outcomes were the same 

as those of the ITT analysis. 

In the SS analysis, only one participant in the RIS group reported an adverse event during 

the follow-up period. This patient complained of dizziness for a few days but quickly recovered 

after treatment. The adverse event did not result in a change in asthma treatment and intervention. 

The relationship between the adverse event and intervention was judged as “definitely unrelated.” 

No severe adverse events were reported, and no significant difference was observed in the rate of 

adverse events between the two groups (p = 1.000). 

Discussion 

We examined whether a rescue intervention strategy of budesonide/formoterol plus original 

treatments during periods of severe pollution would reduce the risk of asthma exacerbations caused 

by air pollution before patients experienced symptoms. The target population of this study were 

adult asthma patients in the non-exacerbation stage. A systematic review and meta-analysis of our 
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previous research demonstrated that outdoor air pollution significantly increased the risk of asthma 

exacerbation in a single lag0 exposure pattern. Every increase of 100 units of the AQI increased the 

incidence of asthma exacerbations by 1.1–10.3% on the same day
 
(12). Several studies of animal 

models provide evidence that exposure to air pollutants modulates the airway epithelium and 

promotes the production of several cytokines within 24 h
 
(13–15). Budesonide/formoterol represents 

two classes of medications (budesonide–a synthetic corticosteroid has a wide range of inhibitory 

activities against multiple cell types and mediators involved in allergic and non-allergic-mediated 

inflammation; formoterol–a LABA with a rapid onset of action cause relaxation of bronchial 

smooth muscle and inhibition of the release of mediators of immediate hypersensitivity from cells) 

that have different effects on the clinical, physiological, and inflammatory indices of asthma
 
(16). 

Therefore, a rescue intervention strategy can stop the inflammation process on the day of severe air 

pollution onset, reducing asthma exacerbations and unplanned hospital visits. 

Originally, we considered that the RIS group would require more doses of ICS because of 

the rescue intervention strategy, which could increase the risk of adverse events. To our surprise, no 

significant difference was observed in either the number of doses or days of ICS or ICS/LABA plus 

the original treatment per person per year between the two groups. The SS analysis also confirmed 

that there was no difference in the rates of adverse events. This suggests that the key to rescue 

intervention may be the timing of administering budesonide/formoterol during periods of severe air 

pollution. In the RIS group, the timing of administration was the day of severe pollution onset and 

before the appearance of asthma symptoms. In the control group, it was as needed for relief therapy. 

In these conditions, the patients in the control group may have had obvious symptoms for minutes 

or even hours, and damage to the airways caused by pollutants would have already occurred. The 

timing in the control group might have been too late to avoid the asthma becoming out of control, 

leading to unplanned hospital visits and administration of more ICS doses. 

Our study found that the miniAQLQ scores at the end of follow-up period increased from 

the baseline scores and were much higher in the RIS group. This suggests that the asthma-related 

quality of life of participants improved in both groups, especially in the RIS group, at the end of the 

1-year follow-up period. A possible explanation was that participants benefited from daily real-time 

AQI, warnings of severe air pollution, regular follow-ups for asthma, and opportune medical 

services when needed. The RIS group also had the added benefit of a decreased risk of asthma 

exacerbation owing to the rescue intervention strategy. The ACQ5 and ACT scores had a similar 

trend of improvement in both groups, especially in the RIS group; however, there was no 

statistically significant difference. 

Only two participants (2/22, 9.1%) dropped out of the control group, and all participants of 

the RIS group strictly observed the intervention protocol and completed the follow-up. The rescue 

intervention strategy medication was consistent with the original treatment used by most 

participants, making the strategy easy to implement and could have played an important role in the 

compliance of participants in the RIS group. 

This study had limitations. First, the study did not follow a double-blind design because 

participants in the control group were not administered a placebo. To decrease the potential bias, an 

independent group of researchers were responsible for the intervention and another group of 

researchers were responsible for randomization and grouping. The researchers responsible for 

providing medical services and using the asthma assessment scales at follow-up visits were blinded 
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to the grouping results. Second, the study was not a multicenter study and was performed only in 

Beijing. Thus, selection bias could not be avoided. Third, the number of enrolled participants was 

less than expected, which could have affected the efficiency of the conclusions. Even so, we 

obtained positive results from the primary outcomes and some of the secondary outcomes. If the 

sample size was increased, other outcomes could have become positive. Fourth, because of the 

effect of coronavirus disease, most of the V4 and/or V5 follow-up visits were changed to online 

follow-up and the data related to physical examinations, lung function tests (bronchodilator 

reversibility tests), and ACQ7 and FeNO measurements were missed; thus, we could not analyze 

changes in these parameters from baseline. 

Conclusions 

A rescue intervention strategy may reduce the risk of air pollution-related asthma 

exacerbations before patients experience symptoms, thereby preventing airway damage. Our data 

also suggests an improvement of life quality score resulting from applying this novel strategy 

among asthma patients. In the future, larger studies are necessary and encouraged to provide 

multi-center and double-blind data to confirm the benefits. 

Abbreviation list 

AQI: air quality index; ACT: Asthma Control Test; BMI: body mass index; CI: confidence interval; 

FeNO: exhaled nitric oxide; FEV1: forced expiratory volume in one second; FVC: forced vital 

capacity; ICS: inhaled corticosteroids; ITT: intention-to-treat; LABA: long-acting β-agonists; 

miniAQLQ: Mini Asthma Quality of Life Questionnaire; ACQ: Numerical Control Questionnaire; 

PM: particulate matter; PP: per-protocol; Pre: prediastolic; Pred: predicted; Post: postdiastolic; RIS: 

Rescue Intervention Strategy; RR: risk rate; SS: safe set; SABA: short-acting β-agonists; SMART: 

single maintenance and relief therapy; SD, standard deviation 
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Table 1 The therapeutic replacement scheme for the washout period. 

Therapeutic scheme before the 

washout period 

Therapeutic replacement scheme Washout period 

No use of inhaled medication Maintain the original treatment Go directly into randomization without 

washout SABA on demand 

Budesonide/Formoterol (160 

μg/4.5 μg/dose, 1-2 doses/time, 

b.i.d.) 

Regular inhalation of SABA 

and/or LABA and/or ICS and/or 

anticholinergics and/or other 

types/doses of inhaled drugs 

Budesonide/Formoterol 

(160 μg/4.5 μg/dose, 1-2 

doses/time, b.i.d.) 

For 4 weeks 

SABA, short-acting β-agonists; LABA, long-acting β-agonists; ICS, inhaled corticosteroids. 
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Table 2. Baseline demographics and clinical characteristics of the participants in the ITT analysis. 

  

  

Control group 

n = 11 

RIS group 

n = 11 

P 

value 

Age, mean (SD), years 49 (17) 52 (14) 0.604 

Women, No. (%) 8 (72.7) 7 (63.6) 1.000 

BMI, mean (SD), kg/m
2
 23.36 (3.18) 23.96 (3.89) 0.568 

Former smoker, No. (%) 2 (18.2) 1 (9.1) 1.000 

Asthma history, median (range), years 9 (1-62) 3 (1-26) 0.243 

Other allergic diseases, No. (%) 7 (63.6) 9 (81.8) 0.635 

Specific exposure history, No. (%) 5 (45.5) 6 (54.5) 1.000 

Comorbidities, No. (%) 4 (36.4) 4 (36.4) 1.000 

Family history, No. (%)    

Chronic obstructive pulmonary 

disease  

1 (9.1) 4 (36.4) 0.311 

 Asthma 6 (54.5) 2 (18.2) 0.183 

Asthma treatment, No. (%)   0.781 

 Budesonide/Formoterol, 1 dose/time, 

b.i.d. 

7 (63.6) 9 (81.8)  

 Budesonide/Formoterol, 2 dose/time, 

b.i.d. 

3 (27.3) 1 (9.1)  

 No inhalant drug used 1(9.1) 1 (9.1)  

 SABA on demand 0 (0) 0 (0)  

Lung function test    

 Pre FVC, mean (SD), L 3.50 (1.23) 3.45 (1.01) 0.917 

 Pre FVC% pred, mean (SD), % 106.62 (13.37) 104.84 (18.15) 0.796 

 Pre FEV1, mean (SD), L 2.54 (1.00) 2.30 (0.72) 0.528 

 Pre FEV1% pred, median (range), % 93.7 

(52.3-106.6) 

82.2

（61.7-120.0） 

0.193 

 Pre FEV1/FVC, mean (SD), % 71.43 (8.56) 66.92 (8.28) 0.224 

 Post FVC, mean (SD), L 3.52 (1.23) 3.46 (1.05) 0.908 

 Post FVC% pred, mean (SD), % 107.31 (12.54) 104.87 (17.06) 0.707 

 Post FEV1, mean (SD), L 2.61 (1.01) 2.36 (0.71) 0.521 

 Post FEV1% pred, median (range), % 96.7 

(53.0-107.4) 

82.2 

(59.4-121.4) 

0.076 

 Post FEV1/FVC, mean (SD), % 73.00 (9.03) 69.02 (9.39) 0.323 

Asthma assessment scale    

 mini-AQLQ, mean (SD) 5.3 (0.5) 5.3 (0.5) 0.854 

 ACQ5, median (range) 0.6 (0.2-2.8) 0.6 (0.0-1.4) 0.438 

 ACQ7, median (range) 0.7 (0.3-2.1) 0.7 (0.0-1.3) 0.949 

 ACT, mean (SD) 21 (3) 20 (5) 0.651 

FeNO, median (range), parts per billion 25 (17-169) 45 (14-105) 0.133 

ITT, intention-to-treat; RIS group, rescue intervention strategy group; SD, standard deviation; BMI, 

body mass index; SABA, short-acting β-agonists; Pre, prediastolic; Post, postdiastolic; pred, 

predicted; FVC, forced vital capacity; FEV1, forced expiratory volume in one second; mini-AQLQ, 
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Mini Asthma Quality of Life Questionnaire; ACQ, Asthma Control Questionnaire; ACT, Asthma 

Control Test; FeNO, fraction of exhaled nitric oxide. 

Table 3. Primary and secondary outcomes in the ITT analysis. 

  

  

Control 

group 

n = 11 

RIS 

group 

n = 11 

Esti

mate 

95% CI P 

val

ue 

Primary outcomes      

 Frequency of asthma exacerbations per year, mean 

(SD), /(person•year) 

2.67 

(2.65) 

0.55 

(1.21) 

0.21 0.08 to 

0.50 

0.0

01
a 

 Frequency of moderate exacerbations per year, 

mean (SD), /(person•year) 

1.56 

(2.07) 

0.36 

(0.67) 

0.23 0.08 to 

0.71 

0.0

10
a 

 Frequency of severe exacerbations per year, mean 

(SD), /(person•year) 

1.11 

(1.76) 

0.18 

(0.60) 

0.16 0.04 to 

0.75 

0.0

19
a 

Secondary outcomes      

 Number of unplanned outpatient visits, mean (SD), 

/(person•year) 

1.11 

(1.76) 

0.18 

(0.60) 

0.16 0.04 to 

0.75 

0.0

19
a 

 Medical cost caused by exacerbations, median 

(range), yuan/(person•year) 

0 

(0-776.6) 

0 

(0-396.8

) 

-2.5

5 

-20.03 to 

14.94 

0.7

73 

Others      

 Doses of budesonide/formoterol plus the original 

treatment, mean (SD), dose/(person•year) 

24 (22) 28 (11) 1.05 0.56 to 

1.96 

0.8

88 

 Days of budesonide/formoterol plus the original 

treatment, mean (SD), day/(person•year) 

16 (14) 15 (7) 0.86 0.49 to 

1.52 

0.6

03 

 Days of oral corticosteroids for exacerbations, 

median (range), day/(person•year) 

0 (0-3) 0 (0-0) -0.3

3 

-1.10 to 

0.44 

0.3

47 

 Days of leukotriene inhibitors for exacerbations, 

mean (SD), day/(person•year) 

8.00 

(21.84) 

0.64 

(2.11) 

-7.3

6 

-24.17 to 

9.44 

0.3

43 

 MiniAQLQ at the end of follow-up, mean (SD) 5.5 (1.1) 6.2 (0.7) 0.40 -0.07 to 

0.93 

0.1

00 

 ΔminiAQLQ
b
, mean (SD) 0.17 

(1.21) 

0.91 

(0.53) 

0.67 0.04 to 

1.30 

0.0

37
a 

 ACQ5 at the end of follow-up, median (range) 0.80 

(0.00-2.8

0) 

0.00 

(0.00-1.6

0) 

-0.4

2 

-0.92 to 

0.07 

0.0

93 

 ΔACQ5
c
, mean (SD) -0.07 

(1.00) 

-0.11 

(0.72) 

-0.0

6 

-0.75 to 

0.62 

0.8

54 

 ACT at the end of follow-up, median (range) 21 

(12-24) 

24 

(19-25) 

2 0 to 4 0.0

81 

 ΔACT
d
, mean (SD) 0.33 

(2.96) 

3.18 

(4.49) 

3.04 -0.56 to 

6.64 

0.0

97 

ITT, intention-to-treat; RIS group, rescue intervention strategy group; RR, risk ratio; CI, confidence 

interval; SD, standard deviation; mini-AQLQ, Mini Asthma Quality of Life Questionnaire; ACQ, 

Asthma Control Questionnaire; ACT, Asthma Control Test. 
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a
P < 0.05. 

b
Δmini-AQLQ = (mini-AQLQ at the end of follow-up) – (mini-AQLQ at baseline). 

c
ΔACQ5 = (ACQ5 at the end of follow-up) – (ACQ5 at baseline). 

d
ΔACT = (ACT at the end of follow-up) – (ACT at baseline). 

 

Figure 1. The study design flowchart (*RIS group, rescue intervention strategy group: when the air 

quality index (AQI) is more than or equal to 200 at the monitoring point near the patient’s location, 

the RIS group will accept Budesonide/Formoterol (160 μg/4.5 μg/dose, 1 dose/time, b.i.d) plus the 

original treatment until the end of severe pollution (AQI < 200). Control group: maintain the 

original treatment.). 
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Figure 2. The participant enrolment flow diagram (
a 
ITT, intention-to-treat; 

b 
PP, per-protocol). 
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Figure 3. The relationship of AQI and asthma exacerbation events (AQI, air quality index. RIS 

group, rescue intervention strategy group. The blue line shows the value of daily AQI (daily AQI = 

(the sum of AQI of each participant on the day)/(the number of participants on the day)). The green 

line shows the daily number of asthma exacerbation events in the RIS group. The red line shows the 

daily number of asthma exacerbation events in the control group.). 
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