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Background: Previous studies indicate that the percent recovery index (PRI: the percentage increase from the maximally reduced 
FEV1 after bronchodilator inhalation), one of the indexes of methacholine bronchial provocation, may predict acute asthma exacer-
bations in childhood and elderly asthmatics. It is known that childhood (<12) and elder (>60) asthmatics may be different to adult 
patients in many aspect including prognosis. However, in adults, a research for predicting value of PRI to exacerbation is still absence. 
Besides exacerbation, predicting value of PRI to poor asthma control is also unknown. We try to detect whether PRI can predict poor 
asthma control and exacerbation in adults in this research. Meanwhile, we try to detect whether treatment can influence PRI.
Methods: In 61 adults with asthma, baseline PRI was measured during enrollment. And then baseline PRI was evaluated as 
a predictor of exacerbation or poor asthma control at an upcoming 3-month follow-up. The covariates included age, sex, BMI, 
previous exacerbation, smoking status and baseline lung function. After treatment for 3 months, PRI was measured again and 
compared with baseline PRI.
Results: After the 3-month follow-up, we found that baseline PRI was significantly related to asthma exacerbation (P = 0.023), poor 
asthma control (ACT at 3 months, P = 0.014), decreased quality of life (decrease of MiniAQLQ, P = 0.010) and cumulative number of 
EDHO at 3 months (P = 0.039). Meanwhile, no significant correlation was observed between baseline PRI and inflammation factors 
(FENO, CaNO, and EOS). Finally, PRI was dramatically reduced after standard treatment for 3 months.
Conclusion: PRI is efficient in the prediction of poor asthma control and exacerbation in adults. The predictive value of PRI may rely 
on the inherent property of asthmatic airway smooth muscle (ASM) independent of inflammation factors. Effective treatment can 
alleviate PRI dramatically and that indicate PRI may also be valuable in evaluation of curative effect.
Keywords: asthma, exacerbation, poor control, percent recovery index, bronchodilator reversibility

Introduction
Poor asthma control and exacerbation are the main problems for the prognosis of asthma, and the efficient prediction is 
very valuable for the effective treatment of asthma. It is known that the following factors may participate in poor asthma 
control and exacerbation: older age, female sex, smoking, obesity, comorbidities (COPD, gastroesophageal reflux, sleep 
apnoea, etc.), incorrect inhalation techniques, previous history of exacerbations, improper drug use, low economic status, 
worsening lung function, and so on.1–8 In addition to these respects, the predictive value of the percent recovery index 
(PRI) has been noticed recently.

PRI is one of the metrics generated from the methacholine bronchial provocation test (MBPT), and it is the percent 
increase from the maximally reduced FEV1 after bronchodilator inhalation. MBPT can generate other metrics: PD20 (the 
cumulative amount causing a 20% decrease in forced expiratory volume in 1 s (FEV1) from baseline), PC20 (the 
threshold causing a 20% decrease in FEV1 from baseline), and CIR (the continuous index of responsiveness: the percent 
decline from baseline FEV1 after the last dose of methacholine). In all these indexes, PC20 and PD20 are most widely 
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used in the clinic as indicators for airway hyperresponsiveness (AHR). However, only PRI is effective in predicting acute 
exacerbation in both elderly and childhood patients with asthma.9

Research on the predictive value of PRI to asthma is limited. First, there is still a lack of detection to the relationship 
between poor asthma control and PRI at any age group. Second, previous research was carried out in children (aged 5–12 
years) and elderly (aged ≥65 years) asthmatics. It is known that childhood (<12) and elder (>60) asthmatics are different 
to adult patients in many aspects including pathogenesis, epidemiology, comorbidities, treatment and prognosis.10–14 For 
example, in exacerbations, old patients had more exacerbation and atypical manifestation,15,16 and children are prone to 
different environmental or biological factors which may lead to more exacerbation.17 Meanwhile, adult patients are major 
part of the whole asthmatic population.18 Therefore, research on adult asthma patients is indispensable. To our knowl-
edge, this is the first study of PRI predicting poor asthma control and exacerbation in adults.

In addition, whether PRI can be changed by treatment is still unknown. We will detect the dynamics change of PRI 
during procession of follow-up.

Methods
Each study was approved by the Institutional Review Board of the corresponding institution (Chongqing University 
Fuling Hospital, Chongqing city, China (number: 2019CQSFLZXYYEC-013)), and informed consent was obtained from 
all study participants. Our study complies with the Declaration of Helsinki. The clinical research was registered at http:// 
www.chictr.org.cn (Registration number: ChiCTR1900026436).

Study Populations
Patients diagnosed with asthma and meet the following criteria were enrolled. Inclusion criteria: (1) Age 18–60; (2) 
Participants have the ability to follow instructions and meet the quality assurance standards of the NIH/NHLBI’s Severe 
Asthma Research Program (SARP)19 to perform accurate and reproducible spirometry. Exclusion criteria: (1) Patients 
with chronic cardiopulmonary disorders other than asthma, such as congenital heart disease, bronchiectasis, cystic 
fibrosis, interstitial lung disease, major systemic disorders, bronchopulmonary dysplasia, and so on. (2) Patients who 
have communication disorders. (3) Patients who were critically ill. Finally, sixty-one adult patients with current asthma 
participated in the study.

After enrolment, participants were treated with conventional medications based on the Global Initiative for 
Asthma guidelines.20 Follow-up visits were scheduled every 3 months. Besides the general data, the following 
metrics were recorded at enrollment (baseline) and every 3-month visit: MBPT: include PRI, CIR and PD20; lung 
function; asthma exacerbation; ACT; MiniAQLQ; inflammation factors: fractional exhaled nitric oxide (FENO), 
blood eosinophils (EOS) and alveolar NO (CaNO). In this article, we reported the data of the first follow-up visit 
for 3 months.

Diagnosis of Asthma
The diagnosis of asthma was made by a specialist in respiratory medicine based on a typical history (wheezing or attacks 
of breathlessness; chest tightness; cough triggered by exercise, exposure to allergens or irritants or respiratory infections) 
and at least one of the following: (1) FEV1 reversibility >12% (and an absolute increase of >200 mL) after a standard 
dose of short-acting β2-agonist (SABA). (2) Positive bronchial challenge test. (3) Average daily diurnal PEF variability 
>10%, or PEF weekly variation rate (within 2 weeks) >20%.18

Asthma Exacerbation
An asthma exacerbation was defined when one of the following criteria was satisfied: use of systemic corticosteroids for 
at least three successive days, unscheduled asthma-specific emergency department visits or hospitalizations (EDHO).9 

Besides the exacerbations in follow-up of 3 months, a history of a previous exacerbation (no versus yes) during one year 
before enrolment was also recorded.
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Methacholine Bronchial Provocation Test (MBPT) and Index Analysis
For all participants, MBPT was carried out using the modified method described by Park et al.9 Methacholine was diluted 
to concentrations of 1.25, 2.5, 6.25, and 12.5 mg·mL−1 with buffered saline, and the aerosol was generated and delivered 
in general method.21 FEV1 after inhaling aerosol generated only from buffered saline (Baseline FEV1) was evaluated. 
Participants inhaled increasing concentrations of methacholine stepwisely until fall of FEV1 from baseline ≧ 20% 
(FEV1 at the last dose of methacholine). Then, a bronchodilator (two puffs of salbutamol) was administered, and FEV1 
(post-bronchodilator FEV1) was measured 15 mins after bronchodilator inhalation. The calculation method of PRI and 
CIR are listed in Figure 1.

Mini Asthma Quality of Life Questionnaire (Mini-AQLQ)
Mini-Asthma Quality of Life Questionnaire (Mini-AQLQ) includes 15 questions in 4 domains (symptoms, activity, 
emotions, and environment). Scores range from 1 to 7, with higher scores indicating a better quality of life.22 According 
to change of Mini-AQLQ score during 3-month follow-up, we divided participants into an elevated life quality group and 
a decreased life quality group. For elevated life quality group, (Mini-AQLQ score at 3 months-Mini-AQLQ score at 
baseline) > 0. For decreased life quality group, (Mini-AQLQ score at 3 months-Mini-AQLQ score at baseline) < 0. Mini- 
AQLQ score included not only total score but also score of four domains separately.

The Asthma Control Test (ACT)
The Asthma Control Test (ACT) questionnaire23 was used to classify patients as having controlled or uncontrolled 
asthma. The ACT questionnaire is a validated, five-item, patient-completed assessment of their asthma control in the 
prior 4 weeks. Poor asthma control is defined as a score of <19.

Statistical Analysis
All data were collected at two timepoints seperately: enrollment (baseline) and visit at the 3-month follow-up (3 months). 
The assumptions of the normal distribution for demographic statistics were evaluated using the Kolmogorov–Smirnov 
test. A normal distribution is presented as the mean and standard deviation (X�S), and an abnormal distribution is 
presented as the median (inter-quartile range, IQR). For impact of treatment, the difference was detected between 
baseline and 3 months: Statistics with normal distribution were compared using paired sample t-test, and statistics with 
abnormal distribution were compared using the non-parametric Wilcoxon test.

For predicting ability of PRI (baseline) to poor asthma control and exacerbation, a logistic regression was used for the 
categorical variable, and a linear regression was used for the continuous variable. The primary outcomes were acute 
exacerbation (no versus yes, during the follow-up of 3 months), poor asthma control (ACT at 3 months) and decrease of 
life quality (comparison of MiniAQLQ between baseline and 3 months). Secondary outcome was the cumulative number 
of EDHOs during the follow-up of 3 months (Figure 2). Covariates included age, sex (female versus male), BMI, 
previous history of exacerbation (no versus yes, 1 year before enrollment), smoking status (no versus yes), and 
spirometry of baseline (include FEV1% predicted, FEV1/FVC, FEF25, FEF50, and FEF75). For the difference of PRI 
(baseline) between the patients with poor asthma control or exacerbation and the corresponding normal patients: 
Comparison was made separately between population with or without exacerbation (exacerbations), ACT (3 months) 

PRI =
(Post-bronchodilator FEV1 FEV1 at the last dose of methacholine)

(Baseline FEV1 FEV1 at the last dose of methacholine)
100

CIR =
(Baseline FEV1 FEV1 at the last dose of methacholine)

Baseline FEV1
100

Figure 1 The calculation process of indices from the MBPT.
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≧19 and <19 (poor asthma control), increased and decreased scores of Mini-AQLQ (decrease of life quality). And the 
difference was calculated using the non-parametric Mann–Whitney-Wilcoxon U-test.

For correlation between PRI and other indexes at baseline, a Spearman correlation analysis was used due to abnormal 
distribution of PRI. The other indexes include MBPT (PD20 and CIR), inflammation factors (FENO, CaNO and EOS) 
and spirometry (include FEV1% predicted, FEV1/FVC, FEF25, FEF50, and FEF75). SPSS 24.0 was used for statistical 
analyses. P values ≤0.05 indicated statistical significance.

Results
Baseline characteristics of the participants are summarized in Table 1. In our research, the proportion of males (31.15%) 
and smokers (14.76%) is relatively small. All patients got ICS contained therapy, and ICS-LABA (93.44%) is the main 
medication.

Enrollment
(Baseline)

3-month
(Follow-up)

acute exacerbation (no/yes)
cumulative number of EDHO

PRI(1)
ACT(1)

MiniAQLQ(1)

PRI(2)
ACT(2)

MiniAQLQ(2)

Figure 2 Primary and second outcomes. Primary outcomes: Acute exacerbation (no versus yes); ACT(2) (<19 versus ≧19); MiniAQLQ(2) - MiniAQLQ(1) (<0 versus >0). 
Second outcome: Cumulative number of EDHO. Independent variable: PRI(1).

Table 1 Baseline Characteristics

Subjects (n) 61

Male (n (%)) 19 (31.15)

Age (year) 42.16 ± 11.73

BMIa 24.22 (22.13, 26.2)

Exacerbation (yes)

Previous 1 year 27 (44.26)

In 3-month follow-up 22 (36.07)

Smoking status

Ex-smoker 7 (11.48)

Current-smoker 2 (3.28)

Medicine

ICS-LABA 57 (93.44)

(Continued)
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Difference of metrics was compared between the baseline and 3 months (Table 2). After treatment for 3 months, score 
of ACT and MiniAQLQ, PD20 and spirometry (FEV1, FVC and FEF) were increased significantly. Meanwhile, PRI was 
decreased significantly. The results indicate that the effective treatment can reduce PRI (Table 2). To our knowledge, this 
is the first study to detect the influence of treatment to PRI.

Predicting value of PRI to poor asthma control and exacerbation was detected by regression analysis. Using the 
variance inflation factor, we evaluated the multicollinearity in our models. By removing FVC, FEF50 and FEF75 from 
final models, we obtained acceptable variance inflation factor values (<5) (Table 3). Results of regression analysis are 
shown in Table 4. PRI at baseline was significantly associated with acute exacerbations during follow-up of 3 months, 

Table 1 (Continued). 

Subjects (n) 61

ICS-LABA-LAMA 1 (1.64)

ICS-LAMA 1 (1.64)

ICS 2 (3.28)

Concomitant

Allergic Rhinitis 25 (40.98)

Hypertension 5 (8.20)

GERD 1 (1.64)

COPD 1 (1.64)

Notes: Data with normal distribution are presented as mean and 
standard deviation (X�S); Data with abnormal distribution are 
presented as median (interquartile range). Categorical data are 
presented as n (%). akg·m−2. 
Abbreviations: ICS, inhaled glucocorticoid; LABA, long-term 
effect β2 receptor agonist; LAMA, long acting muscarinic receptor 
antagonist; BMI, body mass index; GERD, gastroesophageal reflux; 
COPD, chronic obstruct pulmonary disease.

Table 2 Comparison Between the Baseline and the 3-Month Follow-Up Visit

Baseline 3 Months P-value

Questionnaire score

ACT 19.61 ± 3.03 21.3 ± 2.93 0.002a

MiniAQLQ 5.53 ± 0.8 5.89 ± 0.97 0.003a

MBPT

PRI 41.2 (28.5, 56.3) 25 (5.3, 41.05) 1.90E-04a

CIR 25 (22.43, 28) 20 (10.5, 23.1) 8.92E-05a

PD20 0.6 (0.28, 1.342) 2.52 (0.6, 2.52) 6.42E-06a

Spirometry

FEV1% predicted 81.53 ± 20.87 95.53 ± 18.34 4.23E-09a

FEV1/FVC 86.34 ± 11.04 94.26 ± 7.84 4.47E-06a

FEF75 59 (45.3, 69.4) 72 (56, 87.25) 3.43E-04a

(Continued)
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cumulative number of EDHO during follow-up of 3 months, ACT at 3 month and changes of MiniAQLQ during follow- 
up of 3 months. In the four domains of the MiniAQLQ, a significant correlation with PRI was observed in the symptoms, 
environmental and emotion domains (Table 5). To our knowledge, this is the first research for predicting value of PRI to 

Table 2 (Continued). 

Baseline 3 Months P-value

FEF50 75.79 ± 25.59 94.88 ± 28.27 1.51E-06a

FEF25 84 (73, 104) 100 (87.25, 118.5) 1.02E-06a

Inflammation factors

FENO 22 (16, 49) 20.5 (14, 54.25) 0.509

CaNO 2.9 (1.85, 5.35) 2.45 (1.6, 5.625) 0.303

EOS 0.145 (0.06, 0.28) 0.16 (0.1, 0.26) 0.573

Notes: Data with normal distribution are presented as mean and standard deviation (X�S); Data 
with abnormal distribution are presented as median (interquartile range). aP<0.01. 
Abbreviations: FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; FEF, forced 
expiratory flow.

Table 3 Collinearity Diagnostics for Logistic Regression 
Models

Variance Inflation Factor

Variables Model 1 Model 2

Age 1.584 1.225

BMI 1.533 1.395

Sex 2.437 2.150

Previous exacerbation 1.709 1.518

Previous smoker 1.624 1.605

Current smoker 1.652 1.559

PRI 1.288 1.192

CIR 1.556 1.383

PD20 1.953 1.719

FEV1% predicted 63.360 3.586

FVC 28.695 NA

FEV1/FVC 2.619 1.587

FEF25 9.098 3.673

FEF50 14.653 NA

FEF75 9.217 NA

Notes: Model 1: Dependent variable ~ Age + BMI + sex + Previous exacerba-
tion + Previous smoker + Current smoker + PRI + CIR + PD20 + FEV1% + FVC 
+ FEV1/FVC + FEF25 + FEF50 + FEF75. Model 2: Dependent variable ~ Age + 
BMI + sex + Previous exacerbation + Previous smoker + Current smoker + PRI 
+ CIR + PD20 + FEV1% + FEV1/FVC + FEF25. 
Abbreviation: NA, not applicable.
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Table 4 Relationships Between PRI and Clinical Outcomes

Acute Exacerbation Poor Asthma Control Decrease of Life Quality Cumulative Number of EDHO at 3 

Months

β 
Coefficient

OR (95% CI) P-value β 
Coefficient

OR (95% CI) P-value β 
Coefficient

OR (95% CI) P-value β 
Coefficient

OR (95% CI) P-value

Age 0.000 1 (0.932, 1.072) 0.993 0.032 1.033 (0.948, 1.125) 0.462 0.037 1.038 (0.968, 

1.114)

0.296 −0.003 −0.003 (−0.46, 

0.454)

0.990

BMI −0.032 0.969 (0.728, 

1.289)

0.828 −0.012 0.988 (0.706, 1.384) 0.946 0.003 1.003 (0.774, 

1.299)

0.984 0.006 0.006 (−0.008, 

0.02)

0.372

Sex (Male, no. (%)) 0.996 2.709 (0.157, 

46.842)

0.493 2.063 7.87 (0.257, 

241.101)

0.237 −0.752 0.471 (0.052, 

4.286)

0.504 −0.018 −0.018 (−0.069, 

0.034)

0.497

Previous exacerbation 

(no. (%))

3.827 0.022 (0.002, 

0.285)

0.004a −3.268 0.038 (0.002, 

0.854)

0.039a 0.368 1.446 (0.251, 

8.332)

0.680 0.502 0.502 (0.143, 

0.861)

0.007a

Ex smoker −0.221 0.802 (0.046, 

13.872)

0.879 23.098 10,743,815,148.466 

(0, 0)

0.999 −1.251 0.286 (0.02, 

4.035)

0.354 −0.377 0.186 (−0.386, 

0.758)

0.456

Current smoker 2.612 13.628 (0.134, 

1388.541)

0.268 2.119 8.324 (0.05, 

1392.814)

0.417 −0.909 0.403 (0.002, 

68.824)

0.729 0.186 −0.377 (−1.385, 

0.631)

0.515

PRI 0.040 1.041 (1.006, 

1.077)

0.023a 0.050 1.051 (1.01, 1.094) 0.014a 0.045 1.046 (1.011, 

1.082)

0.010a 0.005 0.005 (0, 0.009) 0.039a

CIR 0.224 1.251 (0.985, 

1.588)

0.066 −0.121 0.886 (0.73, 1.074) 0.218 −0.056 0.946 (0.833, 

1.074)

0.390 0.017 0.017 (−0.005, 

0.039)

0.135

PD20 −0.158 0.853 (0.223, 

3.26)

0.817 0.013 1.013 (0.223, 4.611) 0.987 0.184 1.203 (0.412, 

3.509)

0.736 −0.052 −0.052 (−0.265, 

0.162)

0.628

FEV1% predicted −0.008 0.992 (0.924, 

1.066)

0.828 0.013 1.013 (0.935, 1.097) 0.754 0.032 1.032 (0.964, 

1.105)

0.361 −0.003 −0.003 (−0.016, 

0.011)

0.671

FEV1/FVC −0.089 0.915 (0.825, 

1.015)

0.093 −0.044 0.957 (0.847, 1.081) 0.478 0.028 1.028 (0.941, 

1.123)

0.539 −0.016 −0.016 (−0.033, 

0.002)

0.075

FEF25 0.057 1.058 (0.985, 

1.137)

0.121 0.028 1.029 (0.951, 1.113) 0.477 0.009 1.009 (0.948, 

1.074)

0.780 0.009 0.009 (−0.003, 

0.021)

0.143

Notes: Acute exacerbation (during the follow-up of 3 months, no versus yes); Poor asthma control (ACT at 3 months, ≧19 versus <19). Decrease of life quality (MiniAQLQ at 3 months - MiniAQLQ at baseline, >0 versus <0). Age, BMI, 
PRI, CIR, PD20, FEV1%, FEV1/FVC and FEF25 were all collected at baseline; aP < 0.05. 
Abbreviation: EDHO, unscheduled emergency or hospital visit.
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Table 5 Relationships Between PRI and the Four Domains of MiniAQLQ

Symptom Environment Emotion Activity

β 
Coefficient

OR (95% CI) P-value β 
Coefficient

OR (95% CI) P-value β 
Coefficient

OR (95% CI) P-value β 
Coefficient

OR (95% CI) P-value

Age 0.009 0.602 (0.05, 

7.239)

0.799 0.073 0.127 (0.015, 

1.054)

0.023a 0.057 2.916 (0.392, 

21.721)

0.088 0.026 2.416 (0.344, 

16.962)

0.337

BMI 0.041 1.009 (0.942, 

1.081)

0.759 0.054 1.076 (1.01, 

1.146)

0.619 −0.267 1.059 (0.992, 

1.13)

0.052 −0.074 1.026 (0.973, 

1.082)

0.473

Sex (Male, no. 

(%))

−0.507 1.042 (0.802, 

1.354)

0.690 −2.066 1.055 (0.854, 

1.304)

0.056 1.070 0.766 (0.585, 

1.003)

0.296 0.882 0.928 (0.757, 

1.138)

0.375

Previous 

exacerbation  

(no. (%))

−0.544 0.58 (0.087, 

3.891)

0.575 0.822 2.274 (0.472, 

10.961)

0.306 −0.034 0.966 (0.2, 4.68) 0.966 0.521 1.683 (0.42, 

6.736)

0.462

Ex smoker −1.176 0.309 (0.018, 

5.414)

0.421 −2.183 0.113 (0.008, 

1.69)

0.114 −0.577 0.561 (0.047, 

6.755)

0.649 0.354 1.424 (0.146, 

13.893)

0.761

Current smoker −23.926 0 (0, 0) 0.999 −0.682 0.505 (0.011, 

24.11)

0.729 1.560 4.758 (0.036, 

626.964)

0.531 −20.136 0 (0, 0) 0.999

PRI 0.026 1.027 (1.003, 
1.05)

0.025a 0.042 1.043 (1.009, 
1.079)

0.014a 0.030 1.03 (1.002, 
1.059)

0.039a −0.001 0.999 (0.981, 
1.018)

0.921

CIR −0.073 0.93 (0.81, 
1.067)

0.301 0.025 1.025 (0.936, 
1.123)

0.594 −0.055 0.946 (0.832, 
1.077)

0.404 0.064 1.066 (0.966, 
1.178)

0.204

PD20 0.114 1.121 (0.372, 
3.378)

0.840 0.088 1.091 (0.43, 
2.774)

0.854 0.223 1.25 (0.479, 
3.26)

0.649 −0.210 0.81 (0.347, 
1.893)

0.627

FEV1% 
predicted

0.083 1.086 (1.001, 
1.18)

0.048a −0.048 0.953 (0.897, 
1.013)

0.122 0.084 1.088 (1.017, 
1.164)

0.014 0.047 1.048 (0.985, 
1.116)

0.138

FEV1/FVC 0.010 1.01 (0.917, 
1.112)

0.841 0.019 1.019 (0.942, 
1.102)

0.637 −0.001 0.999 (0.922, 
1.082)

0.975 0.006 1.006 (0.937, 
1.079)

0.876

FEF25 −0.004 0.996 (0.934, 
1.062)

0.902 0.045 1.046 (0.988, 
1.107)

0.126 −0.031 0.969 (0.919, 
1.022)

0.250 −0.008 0.992 (0.945, 
1.042)

0.759

Notes: For all four domains of MiniAQLQ (score at 3 months - score at baseline, >0 versus <0); previous exacerbation: (during one year before enrollment, no versus yes); Age, BMI, PRI, CIR, PD20, FEV1%, FEV1/FVC and FEF25 were 
all collected at baseline; aP < 0.05.
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exacerbation and poor asthma control in adults, and this is also the first research for predicting value of PRI to decreased 
life quality.

Difference of PRI at baseline between poor asthma control or exacerbation group and corresponding control group 
were detected. PRI was significantly higher in patients with acute exacerbations (yes), poor asthma control (ACT < 19) or 
decreased life quality (MiniAQLQ at 3 months - MiniAQLQ at baseline < 0) (Figure 3).

The correlation between PRI and other metrics was measured using spearman’s correlation coefficients, all the data in 
this section were generated from the baseline. High correlations were noted between PRI and PD20 (Table S1). No 
significant correlation was found between PRI and inflammation factors (Table S2). No significant correlations were 
found between PRI and airway obstruction indexes (FEV1, FVC, FEV1/FVC and FEF) (Table S3).

Discussion
Results showed that PRI is efficient in the prediction of poor asthma control and exacerbation in adult. That is support by 
previous study: In children and elder asthmatics, PRI also showed homologous ability in predicting future exacerbation 
of asthma.9 To our knowledge, this is the first report that PRI is valuable for the prediction of poor asthma control and 
exacerbation in adults.

The predicting ability of PRI may be based on the inherent property of asthmatic airway smooth muscle (ASM). In 
our research, we found a significant positive correlation between PRI and PD20, which is consistent with a previous 
study. Heung-Woo Park also found a significant positive correlation between PRI and PC20.9 The correlation indicates 
that a higher PRI is related to more AHR.

The inherent property of ASM is one of the main mechanisms of AHR, and it plays important roles in acute 
exacerbation of asthma.24,25 In asthmatic ASM, these inherent properties include increased mass and hypercontractility, 
which present as an increase in the maximum capacity and velocity of shortening.24 In addition to inherent properties, 
ASM is also affected by inflammation or neuroendocrine factors in the asthmatic state. Affected by these internal or 
external factors, asthmatic ASM is usually in a shortened and hypercontractile state, and this abnormal state may be the 
foundation of a high rate of reversion to bronchodilators.24

Compared to traditional bronchodilator reversibility (BR), PRI has a different basic status of the airway. The use of 
a short-β2-agonist (salbutamol) in the measurement of PRI is based on methacholine-induced contraction of the trachea, 
not the natural state of the airway in BR. We hypothesized that this contraction induced by methacholine may cover the 
basic shortening state of asthmatic ASM, and bronchodilation based on this contraction (PRI) may mainly depend on the 
inherent properties of ASM independent of external factors such as inflammation. Surprisingly, this hypothesis got 
a support in our study: PRI indeed has no correlation with some inflammation factors that may correlate with BR. 
Besides the positive correlation between PRI and AHR,9 the results indicate that PRI may be determined by the inherent 
properties of ASM independent of external factors, and that may be the basis of the predictive value of PRI.

# # #

A B C

Figure 3 Comparison of percent recovery index (PRI) between different state of asthmatics. (A) Acute exacerbations: During the follow up of 3 months (no vs yes). (B) 
Poor asthma control: ACT at 3 months (≧19 vs <19); (C) Decreased life quality: MiniAQLQ at 3 months - MiniAQLQ at baseline (>0: increase of MiniAQLQ vs <0: 
decrease of MiniAQLQ). The horizontal lines: the median. Boxes: the interquartile range (IQR; Q1–Q3). Whiskers: Q1−1.5×IQR (lower) and Q3+1.5×IQR (upper). Circle: 
outliers on the outside of Q1−1.5×IQR and Q3+1.5×IQR. *Outliers on the outside of Q1−3×IQR and Q3+3×IQR. #P<0.05 vs normal control group.
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The comparison between PRI and BR is also instructive. BR, including the bronchial dilation test (BDT) and 
bronchodilator-dose responsiveness (BDR),26 can also predict future exacerbation of asthma in children or 
adolescents.26–28 The basis of BR is the natural state of ASM, which is determined by both inherent properties of 
ASM and external factors as mentioned before, and that may also lead to some difference compared to PRI: First, BR and 
inflammation factors present a certain degree of positive correlation. The related inflammation factors include sensitiza-
tion to aeroallergen, serum IgE, reactivity on a skin test, EOS27 and FENO (present large airway inflammation).29 

Secondly, BR is closely correlated with airway obstruction (FEV1/FVC, FEV1% predicted and PEF),30,31 meanwhile 
PRI had no correlation with these metrics (Tables S2 and S3). Finally, no significant correlation was detected between 
PC20 and BR.31 These evidence indicate that BR may reflect a comprehensive effect caused by internal and external 
factors that affect asthmatic ASM.

Whether the difference between PRI and BR can lead to different efficiencies of prediction is unknown. In previous 
studies, children and adolescents with poor BDR did not influence current symptoms or quality of life.26 In our research, 
a higher PRI was not only related to poor asthma control and exacerbation but also to a decrease in quality of life. 
However, due to the lack of direct comparison, it cannot be deduced that PRI is more efficient than BR in predicting 
prognosis of asthma.

As an efficient tool for the reflection of life quality, it has been accepted that the MiniAQLQ is valuable guidance for 
treatment of asthma.22 PRI has a significant positive correlation with a decrease in MiniAQLQ score in the course of 
treatment, indicating that higher PRI is a hazard factor for a decreased life quality. Further analysis observed same 
positive correlation of PRI with the symptoms, environmental and emotion domains in MiniAQLQ. The result indicate 
PRI may be valuable to evaluation of curative effect in asthma. To our knowledge, this is also the first report showing 
that PRI is valuable for predicting a decreased life quality in asthma patients.

Besides evidence of MiniAQLQ, we also found that effective treatment for asthma can reduce PRI and that indicate 
PRI is valuable to evaluation of curative effect in asthma more directly. To our knowledge, this is also the first research 
for the influence of treatment to PRI. Inherent property of ASM may be determined by abnormalities of calcium 
Homeostasis or contractile proteins in asthmatic state and that can be alleviated dramatically by ICS or LABA.24 

Considering that ICS (100.0%) and LABA (95.1%) were the main medications in our research, we proposed that 
effective medicine may reduce PRI through the alleviation of inherent property of ASM and that also provide another 
evidence to indicate that PRI may be related to inherent property of ASM.

Limitation
As mentioned before, the comparison between PRI and BR is instructive. However, due to the initial design of the 
project, the direct contrast between PRI and BR is absent in our research. This leaves a gap that needs to be filled in the 
future.

We have more female patients in this study, and that is in accord with the natural character of asthma. The research in 
recent years has also shown that females had poorer asthma control and more exacerbations.32 The role of sex difference 
in prediction of asthma is deserve to detect. However, our data indicate no significant difference in PRI between male and 
female. That may be due to the limited number of participants, and larger related research is needed in the future.

Our main proposal, PRI may reflect inherent property of ASM, is based on deduction, and lack direct evidence. That 
may also provide a new direction for future research.

In conclusion, our research found that PRI is valuable for the prediction of poor asthma control, exacerbation and 
decreased life quality in adults. Meanwhile, PRI may be also valuable to the evaluation of curative effect in asthma. 
Finally, we proposed that predicting ability of PRI may be based on the inherent property of ASM.

Data Sharing Statement
The authors are willing to share the individual deidentified data of this article, including sex, age, BMI, main spirometry, 
MBPT data (PRI, CIR and PD20), and Questionnaire score (ACT and MiniAQLQ). Except these data, no additional 
study documents will be available. The data will be sharing in clinical research website http://www.chictr.org.cn once the 
article is accepted and published.
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