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ABSTRACT

Purpose: As stated in the Global Initiative for Asthma, there are still some asthmatic patients 
who have not achieved asthma control. Mobile is a useful tool for asthma management. We 
aimed to compare the advantages of mobile management with traditional management in 
improving adherence and control of asthma.
Methods: In this prospective, multicentre, randomized, controlled and parallel-group 
study, we enrolled patients with poor adherence and uncontrolled asthma at 32 hospitals 
in 28 provinces in China. Patients were randomly assigned to the mobile management or 
traditional management groups for 12 months. The primary endpoint was the proportion of 
patients with good adherence (Medication Adherence Report Scale for Asthma [MARS-A] 
score ≥ 45) for 6 months. This study is registered at ClinicalTrials.gov (NCT02917174).
Results: Between April 2017 and April 2018, 923 patients were eligible for randomization 
(mobile group, n = 461; traditional group, n = 462). Dropout was 84 (18.2%) in the mobile 
management group and 113 (24.4%) patients in the traditional management group. 
The proportion of patients with good adherence was significantly higher in the mobile 
management group than in the traditional management group (66.0% vs. 58.99%, P = 
0.048). The mobile management group showed higher mean MARS-A score (at 1, 6, 9, and 
12 months) and asthma control test scores (at 6 and 9 months), and lower total lost rate to 
follow-up within 12 months than the traditional management group.
Conclusions: Mobile asthma management can improve adherence and asthma control 
compared to traditional management.

Trial Registration: ClinicalTrials.gov Identifier: NCT02917174

Keywords: Asthma; internet-based intervention; outpatient monitoring; patient adherence

INTRODUCTION

Asthma is a common airway disease with an increasing prevalence.1 Approximately 30 
million people in China suffer from it, of whom less than 30% achieve complete asthma 
control.2 Asthma is influenced by genetic and environmental factors that requires long-
term medication. Strategies to improve patients' adherence to treatment are essential to 
reduce the great health and economic burden. Traditional asthma management is laborious 
and time-consuming with inconvenient data storage and feedback.3 The development of 
technologies has led to the concept of electronic health management including mobile 
management tools.4 The Mobile applications (Apps) with asthma can regulate medication, 
reduce acute attacks, and decrease the frequency of emergency visits or hospitalization.5,6 
These tools improve quality of life and pulmonary function as well as accessibility and 
usability.7-11 However, few studies have evaluated the Apps with usual care in asthma 
management; some studies have also highlighted a few shortcomings and limitations in 
security and cost-efficiency. Their usefulness for doctors and patients is still debated.11 These 
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Trial Registration
ClinicalTrials.gov Identifier: NCT02917174

Disclosure
There are no financial or other issues that 
might lead to conflict of interest.

studies were limited by the uncertain quality of the Apps under investigation, small sample 
size, and short follow-up period.12-16

Currently, there is no professional App for asthma management in China. The use of Apps 
for a personalized asthma management needs to be further evaluated and optimized before 
conclusions on its usefulness can be drawn. Therefore, we designed a mobile evaluation 
and management system for asthmatics. This study compared the advantages of mobile 
management and laid the foundation for the further development of mobile asthma 
management systems in China. It provides a new management approach for asthma 
diagnosis and treatment to improve adherence and asthma control.

MATERIALS AND METHODS

Study design
This is a prospective, multicentre, randomized controlled trial aimed to evaluate the efficacy 
of a novel mobile App for asthma management from April 2017 to April 2018. Sixty-eight 
physicians and subjects in 32 third-A grade Hospitals from 28 provinces across mainland 
China participated in the study (Supplementary Fig. S1). It was registered at ClinicalTrials.
gov (NCT02917174) and approved by the Ethics Committee of China-Japan Friendship Hospital 
(20161141). All patients signed an informed consent form. Case report forms were designed 
by the principal investigator. The IT team assisted in designing the WeChat subscription, 
Apps, and database. In order to ensure the professional and standardized conduct, a central 
communication system was established, which also provided a platform for unified training.

Patients
The inclusion criteria were: (1) outpatients ≥ 18 years old; (2) diagnosed with asthma at least 3 
months before admission according to the Global Initiative for Asthma (GINA) 2016 criteria17; 
inhaled corticosteroids (ICS) or ICS/long-acting β2-agonists within the last 6 months; (3) 
asthma control test (ACT) score < 20 and Medication Adherence Report Scale for Asthma 
(MARS-A) score < 45; (4) able to use smartphones with compatible software; and (5) willing 
to participate in the study and signed an informed consent.

Exclusion criteria included: (1) inability to communicate because of visual impairment, 
hearing impairment, language barrier, with mental illness or psychological problems; 
(2) history of tracheal intubation or mechanical ventilation due to acute asthma attack; 
(3) respiratory tract infection within the last 4 weeks; (4) history of thoracic surgery; (5) 
comorbidities such as other/structural lung diseases (e.g., chronic obstructive pulmonary 
disease, bronchiectasis, and lung cancer), heart disease, kidney or autoimmunity diseases, or 
other conditions that could potentially affect asthma control; and (6) pregnancy or planned 
pregnancy within 1 year.

App
The App included patient and physician modules. The patient App allows them to complete 
their asthma diaries and receive messages when to administer medication, doctor visits, 
and educational data. Patients receive feedback and suggestions according to different peak 
expiratory flow (PEF) values or ACT scores. The physician App allows them to monitor and 
be aware of any abnormalities in patient data and reminders of visits. Patients can also access 
the relevant updated clinical information on App.
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Randomization
A stratified block randomization method was used with randomization stratified by a center. 
Eligible patients were randomly allocated in a 1:1 ratio to either the mobile or traditional groups. 
The randomization scheme was generated using a software system and distributed to each site.

Procedures
Patients in the mobile and traditional groups were respectively trained to use App or 
traditional asthma diaries for self-management over 1 year. The system includes 2 parts: a 
patient App and a doctor App. Asthma patient can fill in an electronic asthma diary and can 
receive reminders of medication, follow-up, and asthma-related information in the form of 
articles, pictures, or videos. When a patient's PEF or ACT score is abnormal, he or she can 
receive real-time feedback and recommendations for action. Asthma specialists could view 
the patient's asthma diary online through the doctor's App, send out reminders when the 
patient's PEF or ACT score is abnormal, and send messages to remind patients of their visits. 
Additionally, specialists can learn the latest knowledge online. Treatment strategies were 
based on the GINA guidelines 2016. Clinical visits were arranged at 1, 3, 6, 9, and 12 months 
(Fig. 1). Accuracy of perception on asthma was assessed by the following 4 questions: (1) What 
kind of disease is asthma? (2) What is the first-line drug that should be used regularly every 
day for chronic persistent asthma? (3) Under what circumstances is the use of short-acting β2-
agonist (SABA) aerosol most reasonable? and (4) What is the goal of asthma therapy?
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960 screened

923 enrolled

461 randomized to mobile group
for self-management with App

462 randomized to traditional group
for self-management with paper diaries

Input of general information

Regular follow-up
Clinical information collected at 1, 3, 6, 9, and 12 months

51 discontinued voluntarily
18 lost to follow-up
5 violated protocol
10 discontinued for other reasons

65 discontinued voluntarily
43 lost to follow-up
4 violated protocol
1 withdrew consent

377
completed study

349
completed study

Randomization

Fig. 1. Patient disposition.



Outcomes
The primary endpoint was the proportion of patients achieving good adherence at 6 
months.18 Loss to follow-up or MARS-A score < 45 indicates poor compliance. The Secondary 
endpoints included: (1) ACT, (2) Mini-Asthma Quality of Life Questionnaire (Mini-AQLQ), 
(3) lung function (forced expiratory volume 1 (FEV1), FEV1/forced vital capacity (FVC) ratio, 
FVC ratio, PEF, fractional exhaled nitric oxide (FENO), and (4) number of hospitalizations or 
emergency visits and the rate of correct answers.

Statistical analyses
We determined sample size on the basis of 37% of patients in the control group achieving the 
criteria of good adherence as per the primary outcome of a MARS-A score ≥ 45,19 with a 10% 
improvement after the use of App for 6 months,20 which is considered clinically acceptable. 
This calculation assumed a dropout rate of 20%. The subsequent estimated sample size of 960 
randomized subjects provided 80% of the power for 2-sided tests at the significance level of 0.05.

SPSS 24.0 (IBM Corp., Armonk, NY, USA) was used for analysis. Descriptive statistics 
(number, mean, standard deviation, M [Q13, Q], minimum and maximum for continuous 
variables, and frequency and percentage for categorical variables) are presented. Analysis of 
variance, Mann-Whitney U test and χ2 test were used for comparison. The tests were 2-sided 
at the 0.05 significance level. Missing Data were supplemented according to the principles of 
intention-to-treat (ITT) analysis.

RESULTS

Primary endpoints
This study included 461 in mobile group and 462 in traditional group (Fig. 1). Dropout was 84 
(18.2%) in the mobile management group and 113 (24.4%) patients in the traditional management 
group. Baseline demographics did not differ between the 2 groups (Table 1; all P > 0.05).

The proportion of patients achieving good adherence (MARS-A score ≥ 45) at 6 months was 
significantly different between the mobile management and traditional management groups 
(66.0% vs. 58.99%, P = 0.048). There was also a significant difference in mean MARS-A 
scores between the 2 groups in month 1, 6, 9, and 12 (P = 0.022, P = 0.004, P = 0.016, and P 
= 0.008, respectively) (Table 2). It also revealed that the mean MARS-A score for the mobile 
management group increased from month 1 (P ≤ 0.001), decreased in month 3 (P = 0.001), 
and then was stable (P = 0.183, P = 0.591, and P = 0.710 for 6, 9, and 12 months, respectively). 
The MARS-A score of the traditional management group increased in month 1 (P ≤ 0.001), 
decreased in month 3 (P = 0.015), decreased further in month 6 (P = 0.016) and then was 
stable (P = 0.16 and P = 0.56, respectively). Inter-group comparison showed a significant 
difference in MARS-A scores between the mobile management and traditional management 
groups in months 1, 6, 9, and 12 (P < 0.05) (Fig. 2).

The proportion of patients with good adherence in the mobile management group at 1 month, 
6 months, 9 months, and 12 months was 67.0%, 57.7%, 58.4%, and 57.3% respectively, 
which was higher than those in the traditional management group (59.1%, 48.3%, 49.6%, 
and 50.4%, respectively, P < 0.05, Fig. 3). Unlike the primary endpoint, which is evaluated 
by the per protocol set (PPS), It is based on the full analysis set (FAS). At 3 months, the 
adherence rate in the mobile management group was 60.6%, which was higher than that in 
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Fig. 2. Comparison of MARS-A scores between the mobile and traditional groups. 
MARS-A, Medication Adherence Report Scale for Asthma. 
*Inter-group U test, P < 0·05.

Table 2. MARS-A, ACT, and Mini-AQLQ scores of the mobile and traditional groups over 12 months
Characteristics Baseline Months

1 3 6 9 12
MARS-A

Mobile group 34 (28–40) 47 (43–50) 47 (41–49) 46 (42–49) 47 (42–49) 46 (44–50)
Traditional group 33 (27–39) 46 (41–49) 46 (39–49) 44 (41–49) 45 (42–49) 45 (44–49)

ACT
Mobile group 16 (14–18) 22 (20–24) 23 (21–24) 23 (22–24) 23 (22–24) 23 (23–24)
Traditional group 16 (14–19) 22 (20–23) 23 (21–24) 22 (21–24) 22 (22–24) 23 (22–24)

Mini-AQLQ
Mobile group 65 (55–74) 84 (74–94) 87 (75–96) 89 (78–98) 90 (79–100) 65 (55–74)
Traditional group 64 (55–75) 86 (73–95) 88 (75–97) 90 (79–99) 92 (81–100) 64 (55–75)

MARS-A, Medication Adherence Report Scale for Asthma; ACT, asthma control test; Mini-AQLQ, Mini-Asthma Quality of Life Questionnaire.

Table 1. Demographic and clinical characteristics
Characteristics Mobile group (n = 461) Traditional group (n = 462)
Sex

Male 198 (43) 190 (41)
Female 263 (57) 272 (59)

Age (yr) 45 (34, 54) 46 (34, 55)
Height (cm) 165.13 ± 8.23 164.32 ± 8.17
Weight (kg) 65.36 ± 13.12 64.64 ± 11.96
Disease duration (mon) 51 (21–128) 54 (18–155)
Education level

Bachelor's degree and above 176 (38) 149 (32)
Below Bachelor's degree 285 (62) 313 (68)

MARS-A score 34 (28–40) 33 (27–39)
ACT score 16 (14–18) 16 (14–19)
Mini-AQLQ score 65 (56–74) 65 (56–75)
FEV1 (L) 2.48 ± 0.86 2.44 ± 0.87
FEV1% pred 62.35 ± 8.12 64.13 ± 7.74
FVC (L) 3.44 ± 0.96 3.41 ± 0.97
FVC% pred 78.65 ± 9.12 79.82 ± 10.34
FEV1/FVC < 0.7 183 (40) 195 (42)
PEF (L/s) 6.14 ± 2.28 6.04 ± 2.30
FENO (ppb) 46 (23–74) 41 (21–74)
No. of hospitalizations in the past year 0.31 ± 0.79 0.31 ± 0.87
No. of emergency visits in the past year 0.54 ± 1.26 0.55 ± 1.36
Correct awareness of asthma 116 (25) 127 (27)
Data are number (%), mean (standard deviation), M (Q1 and Q3), and the maximum and minimum values.
MARS-A, Medication Adherence Report Scale for Asthma; ACT, asthma control test; Mini-AQLQ, Mini-Asthma Quality of Life Questionnaire; FEV1, forced 
expiratory volume 1; FVC, forced vital capacity; PEF, peak expiratory flow; FENO, fractional exhaled nitric oxide.



the traditional management group (57.1%), but the difference was not statistically significant 
(P > 0.05, Fig. 3). The loss to follow-up in the mobile and traditional management groups were 
18.22% and 24.46%; respectively, at 12 months (Supplementary Fig. S2).

Secondary endpoints
The ACT scores of the mobile and traditional management groups at baseline and in month 
1, 3, 6, 9, and 12 are listed in Table 2. Inter-group comparison revealed no significant 
difference in ACT scores between the 2 groups at 1 or 3 months, although ACT scores were 
higher in the mobile management group than in the traditional management group at 6 
and 9 months (P = 0.043 and P = 0.023, respectively). The difference at 12 months was not 
statistically significant (P = 0.051). Intra-group comparison revealed an increasing trend in 
ACT scores in both groups (Fig. 4).

FEV1 values at 6 and 12 months were higher in the mobile management group than in the 
traditional management group (P = 0.001 and P ≤ 0.001). Intra-group comparison revealed 
an increase in FEV1 at 6 months in the mobile management group (P ≤ 0.001) with no 
significant change at 12 months (P = 0.26). A similar pattern was observed with FEV1 values 
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in the traditional management group, with an increase at 6 months (P ≤ 0.001), and no 
significant change at 12 months (P = 0.13) (Table 3 and Supplementary Fig. S3).

The FVC values at 6 and 12 months were also higher in the mobile management group than 
in the traditional management group (P = 0.030 and P = 0.013). Intra-group comparison 
revealed that FVC values increased at 6 months in the mobile management group (P = 0.007), 
but no statistically significant difference was found at 12 months (P = 0.088). However, FVC 
was shown to increase at both 6 and 12 months (P = 0.003 and P = 0.043, respectively) in the 
traditional management group (Table 3 and Supplementary Fig. S3).

Similarly, the PEF values at 6 and 12 months were higher in the mobile management group 
than in the traditional management group (P = 0.001 and P < 0.001 for 6 and 12 months, 
respectively). Intra-group comparison showed the PEF values of mobile management group 
increased at 6 months (P < 0.001) with no significant difference at 12 months (P = 0.69). The 
mean PEF of traditional management group also increased at 6 months (P < 0.001) with no 
significant change at 12 months (P = 0.62) (Table 4 and Supplementary Fig. S3).

The proportion of patients with FEV1/FVC < 0.7 in mobile management group was 27.73% at 12 
months and 38.02% in traditional management group (P = 0.005) (Supplementary Fig. S4).  
The proportions of patients with FEV1/FVC < 0.7 in the 2 groups at 12 months were both 
significantly lower than baseline (both P < 0.001).

There was no significant difference in FENO values between the 2 groups at 6 and 12 months 
(both P > 0.05). It showed an increase in FENO values at 6 months in the mobile management 
and traditional management groups (both P < 0.05) (Table 4).

There was no difference in the Mini-AQLQ scores of the 2 groups at any time points over 12 
months (all P > 0.05), although intra-group comparison showed an increase in Mini-AQLQ 
from 3 to 12 months for both groups (all P < 0.05) (Table 2).

The number of hospitalizations and emergency visits in the mobile and traditional 
management groups decreased after 12 months. There was no significant difference in 
the frequency of hospitalizations or emergency visits between the 2 groups (P > 0.05) 
(Supplementary Table S1).
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Table 3. FEV1 and FVC in the mobile and traditional groups at 6 and 12 months (403 and 349 subjects, respectively)
Groups FEV1 (L) FVC (L)

Baseline 6 mon 12 mon Baseline 6 mon 12 mon
Mobile group 2.48 ± 0.86 2.67 ± 0.75 3.61 ± 0.93 3.44 ± 0.96 3.61 ± 0.93 3.53 ± 0.79
Traditional group 2.44 ± 0.87 2.53 ± 0.76 3.47 ± 0.89 3.41 ± 0.97 3.47 ± 0.89 3.40 ± 0.77
FEV1, forced expiratory volume 1; FVC, forced vital capacity.

Table 4. PEF and FENO in the mobile and traditional groups at 6 and 12 months (403 and 349 subjects, respectively)
Groups PEF (L/s) FENO (ppb)

Baseline 6 mon 12 mon Baseline 6 mon 12 mon
Mobile group 6.14 ± 2.28 6.80 ± 1.92 6.73 ± 1.83 46 (23–74) 30 (19–53) 27 (18–53)
Traditional group 6.04 ± 2.30 6.37 ± 2.01 6.29 ± 1.81 41 (21–74) 28 (18–49) 30 (17–51)
PEF, peak expiratory flow; FENO, fractional exhaled nitric oxide.



The proportion of patients who answered all the questions correctly in the mobile 
management group increased from 38.2% to 66.6% after 12 months. A similar pattern was 
observed in the traditional management group with an increase from 24.9% to 62.2%. 
However, no significant difference between the 2 groups was observed (P > 0.05). After 12 
months' education, the accuracy rate of perception on asthma increased from 70.1% to 
89.1%. The accuracy rate of perceptions on first-line medication and SABA were increased 
from 55.3% to 83.2% and from 81.6% to 86.5%, respectively. The accuracy rate of perceptions 
on treatment goals increased from 70.0% to 89.4%. The mean MARS-A score of patients 
with the correct perception of asthma at 12 months was 48 (43–50), which was higher than 
that of patients with the incorrect perception (47 [35–50]; P = 0.041). After 1 year of follow-up 
and education, the MARS-A score of patients with a correct perception of asthma increased 
by 11 (6–18), which was higher than that of those with an incorrect perception (8 [2–18]) (P = 
0.006). At 12 months, 83.48% of the mobile management group patients indicated that they 
would like to continue using the mobile tool for self-evaluation and management of asthma.

DISCUSSION

This prospective, multicentre, randomized controlled trial of 923 adult asthma patients is one 
of the largest studies to evaluate mobile management for asthma with a 12 months follow-up in 
China. Both mobile and traditional management were shown to effectively improve adherence, 
asthma control, quality of life, and pulmonary function. In addition, the implementation 
of mobile management tools decreased times of hospitalizations and emergency visits as 
well as optimized asthma knowledge. We demonstrated that mobile management improves 
medication adherence and markers of asthma control to a certain degree.

As technologies develop rapidly, the mobile management tools are increasing. Johnson et al.21 
conducted a 3-week study evaluating a short messaging service (SMS)-based management 
for 46 asthmatics and found that patients managed by SMS recorded better adherence 
and quality of life than traditional management. In a 12-week study of 88 children with 
asthma, Jan et al.22 found that asthma management using websites can reduce symptoms, 
improve PEF and medication adherence, enhance asthma perception, and improve quality 
of life. Similarly, Farooqui et al.23 found that medication adherence and asthma knowledge 
had both improved after using an App in a 30-day study among 21 children. In addition, 
20 out of 21 patients found it more acceptable. Asthma management via an App was also 
shown to improve patients' ICS adherence in a 10 children aged 11–16 years.24 An asthma 
mobile App with a reminder and asthma action plan was also evaluated in a study, involving 
98 children and teenagers aged from 6 months to 21 years who were followed up for 6 
months.25 App-based asthma management tool reduces the frequency of emergency visits 
and hospitalizations.25 These studies conducted in children and teenagers all indicate that 
asthma management via SMS, websites, or Apps can improve compliance, asthma control, 
quality of life, perception of asthma and overall decrease healthcare burden. However, their 
sample sizes were small (n = 10–98) and follow-up duration was short (3 weeks–6 months). 
Furthermore, most of the studies did not compare with traditional management.25

Similar results were found in adult patients. A 4-month study of 16 asthmatic patients 
demonstrated lower PEF variability and higher FEV1 with SMS management.26 Cook et al.27 
evaluated mobile App management for 4 months in 60 patients with poorly controlled 
asthma, and found that ACT and FEV1 increased and that patients were highly satisfied. In 
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a larger randomized controlled trial, Lv et al.28 assigned 150 adults with asthma to 3 groups: 
the SMS group, traditional diary management and oral education group. Patients in SMS 
group were shown to have improved mental health and quality of life and a lower rate of loss 
to follow-up over 12 weeks. FEV1 and the frequency of emergency visits were also shown 
to improve in all 3 groups. Another study showed that 49% of patients using App-based 
management reported an ACT score > 19 at 3 months compared with only 22% of patients 
using traditional management.11 Mobile management improved clinical outcomes compared 
with traditional management, including PEF and FEV1 and quality of life as well as a lower 
frequency of asthma attack and emergency visits in a 6-month study of 43 patients.14 In 
contrast to these studies, Prabhakaran et al.29 conducted a 12-week study investigating 
SMS management in 60 adult asthmatic patients and found no significant improvement in 
ACT or the frequency of emergency visits and hospitalizations compared with traditional 
management. These studies in adult patients indicate that SMS or App-based management 
tools can improve clinical outcomes, such as asthma control, pulmonary function, and then 
reduce the healthcare burden. It suggests that novel management tools may be superior to 
traditional management tools in improving clinical outcomes. However, again, these were 
small studies (n = 16–160) and the duration of follow-up was short (12 weeks–6 months). 
Furthermore, most studies did not evaluate adherence to medication or effectiveness of 
mobile management vs. traditional management.13 Consequently, the longer-term findings 
from our study provide more robust evidence supporting the use of mobile management 
technologies. Recently, many Asia countries have taken less action in the management 
of asthma. However, they have made many attempts in the field of innovation. Asthma 
management will advance toward intelligence and individualization.

Previous studies have indicated that medication adherence gradually declines over time.30 
Our study also showed a gradual decline in patients' medication adherence from baseline 
to 12 months. This trend was not significant in the mobile management group at 3 months, 
whereas the decline in adherence was significant in the traditional management group until 
6 months. Such trends suggest that mobile asthma management may delay the decline in 
adherence over time compared with traditional management.

Our study also provided insight into the long-term utility of standardized asthma management 
in improving key clinical outcomes. For example, the ACT and Mini-AQLQ score of patients 
in both groups showed an increasing trend at 12 months, indicating that standardized asthma 
management can have a long-term effect on improving asthma control and quality of life. The 
FEV1, FVC, PEF and FENO of patients in both groups all improved at 6 months. This suggests 
that standardized asthma management can improve clinical outcomes and reduce airway 
inflammation. Standardized asthma management can also reduce the potential healthcare 
burden in terms of hospitalization and emergency visits. In our study, most patients did not 
require hospitalization (93.9%) or emergency visits (94.5%) within 12 months.

Patients' perceptions on asthma are related to asthma control.27 As reported, asthmatic 
patients in urban areas have a more accurate perception than those in suburban areas.31 In our 
study, the accuracy rate of patients' perceptions to the questionnaire at enrolment was lower 
than what has previously been reported, it may be related to the enrolment criteria being 
limited to patients with poor adherence and uncontrolled asthma. After 12 months of follow-
up, the accuracy rate of patients' perceptions significantly increased. This suggests that both 
mobile management and traditional management can effectively improve patient perception. 
Interestingly, the mean MARS-A score of patients who had correctly answered all 4 questions 
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was higher than that of those who had answered incorrectly, suggesting that patients with the 
correct perception of asthma had higher adherence.

In this study, the overall loss to follow-up rate was 21.3%, which may be related to the 
enrolment criteria being limited to patients with poor adherence and the long follow-up 
duration. However, the per-protocol analysis was fully consistent with the ITT (full analysis 
set) analysis results in demonstrating no significant differences between either group in 
terms of clinical outcomes, healthcare burden, and perception of disease.

Using mobile Apps for asthma management is promising. The design and implementation 
of mobile Apps have substantial influence on self-management and the current quality of 
mobile Apps in the market varies. We encourage asthma specialists to provide professional 
suggestions for the design and establish a standardized assessment system. For elderly 
asthmatic patients, traditional asthma management tools are still an appropriate method. 
However, the restriction of mobile phones in some schools and colleges may limit the 
application of mobile Apps for children with asthma.

In conclusion, we consider mobile asthma management using App provides meaningful 
improvements in medication adherence and asthma control. Future studies are needed to 
further promote these tools within specific groups.
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Supplementary Table S1
Number of hospitalizations and emergency visits in the mobile and traditional groups in the 
past year

Click here to view

Supplementary Fig. S1
Schematic diagram of geographical distribution the Mobile Asthma Evaluation and 
Management System.
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95https://e-aair.org https://doi.org/10.4168/aair.2022.14.1.85

Asthma Management in China

https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2022.14.1.85&fn=aair-14-85-s001.xls
https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2022.14.1.85&fn=aair-14-85-s002.ppt


Supplementary Fig. S2
Lost to follow-up rate of mobile management and traditional management groups over 12 
months.
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Supplementary Fig. S3
Comparison of FEV1, FVC, and PEF between the mobile and traditional management groups.

Click here to view

Supplementary Fig. S4
Proportion of patients with FEV1/FVC < 0.7 in the mobile and traditional management groups 
at 12 months.
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REFERENCES

 1. Lin J, Wang W, Chen P, Zhou X, Wan H, Yin K, et al. Prevalence and risk factors of asthma in mainland 
China: the CARE study. Respir Med 2018;137:48-54. 
PUBMED | CROSSREF

 2. Lin JT, Wang WQ, Zhou X, Wang CZ, Huang M, Cai SX, et al. The level of asthma control in China from a 
national asthma control survey. Zhonghua Jie He He Hu Xi Za Zhi 2017;40:494-8. 
PUBMED | CROSSREF

 3. Qiu RF. Influencing factors and improvement strategies for compliance of patients with bronchial 
asthma. Chin Med J (Engl) 2018;98:3795-8.

 4. Della Mea V. What is e-health (2): the death of telemedicine? J Med Internet Res 2001;3:E22. 
PUBMED | CROSSREF

 5. Farzandipour M, Nabovati E, Sharif R, Arani MH, Anvari S. Patient self-management of asthma using 
mobile health applications: a systematic review of the functionalities and effects. Appl Clin Inform 
2017;8:1068-81. 
PUBMED | CROSSREF

 6. Poowuttikul P, Seth D. New concepts and technological resources in patient education and asthma self-
management. Clin Rev Allergy Immunol 2020;59:19-37. 
PUBMED | CROSSREF

 7. Halterman JS, Fagnano M, Tajon RS, Tremblay P, Wang H, Butz A, et al. Effect of the School-Based 
Telemedicine Enhanced Asthma Management (SB-TEAM) program on asthma morbidity: a randomized 
clinical trial. JAMA Pediatr 2018;172:e174938. 
PUBMED | CROSSREF

 8. Marcolino MS, Oliveira JAQ, D'Agostino M, Ribeiro AL, Alkmim MBM, Novillo-Ortiz D. The impact of 
mhealth interventions: systematic review of systematic reviews. JMIR Mhealth Uhealth 2018;6:e23. 
PUBMED | CROSSREF

 9. Morton RW, Elphick HE, Rigby AS, Daw WJ, King DA, Smith LJ, et al. STAAR: a randomised controlled 
trial of electronic adherence monitoring with reminder alarms and feedback to improve clinical outcomes 
for children with asthma. Thorax 2017;72:347-54. 
PUBMED | CROSSREF

 10. Xue B, Wang H, Li Y. Mobile medicine and bronchial asthma. Zhonghua Jie He He Hu Xi Za Zhi 
2014;37:50-2.
PUBMED

 11. Katwa U, Rivera E. Asthma management in the era of smart-medicine: devices, gadgets, apps and 
telemedicine. Indian J Pediatr 2018;85:757-62. 
PUBMED | CROSSREF

96https://e-aair.org https://doi.org/10.4168/aair.2022.14.1.85

Asthma Management in China

https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2022.14.1.85&fn=aair-14-85-s003.ppt
https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2022.14.1.85&fn=aair-14-85-s004.ppt
https://e-aair.org/DownloadSupplMaterial.php?id=10.4168/aair.2022.14.1.85&fn=aair-14-85-s005.ppt
http://www.ncbi.nlm.nih.gov/pubmed/29605212
https://doi.org/10.1016/j.rmed.2018.02.010
http://www.ncbi.nlm.nih.gov/pubmed/28728272
https://doi.org/10.3760/cma.j.issn.1001-0939.2017.07.002
http://www.ncbi.nlm.nih.gov/pubmed/11720964
https://doi.org/10.2196/jmir.3.2.e22
http://www.ncbi.nlm.nih.gov/pubmed/29241254
https://doi.org/10.4338/ACI-2017-07-R-0116
http://www.ncbi.nlm.nih.gov/pubmed/32215784
https://doi.org/10.1007/s12016-020-08782-w
http://www.ncbi.nlm.nih.gov/pubmed/29309483
https://doi.org/10.1001/jamapediatrics.2017.4938
http://www.ncbi.nlm.nih.gov/pubmed/29343463
https://doi.org/10.2196/mhealth.8873
http://www.ncbi.nlm.nih.gov/pubmed/27815524
https://doi.org/10.1136/thoraxjnl-2015-208171
http://www.ncbi.nlm.nih.gov/pubmed/24694976
http://www.ncbi.nlm.nih.gov/pubmed/29524089
https://doi.org/10.1007/s12098-018-2611-6


 12. Ryan D, Price D, Musgrave SD, Malhotra S, Lee AJ, Ayansina D, et al. Clinical and cost effectiveness 
of mobile phone supported self monitoring of asthma: multicentre randomised controlled trial. BMJ 
2012;344:e1756. 
PUBMED | CROSSREF

 13. Cingi C, Yorgancioglu A, Cingi CC, Oguzulgen K, Muluk NB, Ulusoy S, et al. The “physician on call 
patient engagement trial” (POPET): measuring the impact of a mobile patient engagement application 
on health outcomes and quality of life in allergic rhinitis and asthma patients. Int Forum Allergy Rhinol 
2015;5:487-97. 
PUBMED | CROSSREF

 14. Liu WT, Huang CD, Wang CH, Lee KY, Lin SM, Kuo HP. A mobile telephone-based interactive self-care 
system improves asthma control. Eur Respir J 2011;37:310-7. 
PUBMED | CROSSREF

 15. van der Meer V, Bakker MJ, van den Hout WB, Rabe KF, Sterk PJ, Kievit J, et al. Internet-based self-
management plus education compared with usual care in asthma: a randomized trial. Ann Intern Med 
2009;151:110-20. 
PUBMED | CROSSREF

 16. van Gaalen JL, Beerthuizen T, van der Meer V, van Reisen P, Redelijkheid GW, Snoeck-Stroband JB, et al. 
Long-term outcomes of internet-based self-management support in adults with asthma: randomized 
controlled trial. J Med Internet Res 2013;15:e188. 
PUBMED | CROSSREF

 17. Global Initiative for Asthma (GINA). Global Strategy for Asthma Management and Prevention (2016 
update). Fontana (WI): GINA, 2016.

 18. Cohen JL, Mann DM, Wisnivesky JP, Home R, Leventhal H, Musumeci-Szabó TJ, et al. Assessing the 
validity of self-reported medication adherence among inner-city asthmatic adults: the Medication 
Adherence Report Scale for Asthma. Ann Allergy Asthma Immunol 2009;103:325-31. 
PUBMED | CROSSREF

 19. Brooks TL, Leventhal H, Wolf MS, O'Conor R, Morillo J, Martynenko M, et al. Strategies used by older 
adults with asthma for adherence to inhaled corticosteroids. J Gen Intern Med 2014;29:1506-12. 
PUBMED | CROSSREF

 20. Yasmin F, Banu B, Zakir SM, Sauerborn R, Ali L, Souares A. Positive influence of short message service 
and voice call interventions on adherence and health outcomes in case of chronic disease care: a 
systematic review. BMC Med Inform Decis Mak 2016;16:46. 
PUBMED | CROSSREF

 21. Johnson KB, Patterson BL, Ho YX, Chen Q, Nian H, Davison CL, et al. The feasibility of text reminders to 
improve medication adherence in adolescents with asthma. J Am Med Inform Assoc 2016;23:449-55. 
PUBMED | CROSSREF

 22. Jan RL, Wang JY, Huang MC, Tseng SM, Su HJ, Liu LF. An internet-based interactive telemonitoring 
system for improving childhood asthma outcomes in Taiwan. Telemed J E Health 2007;13:257-68. 
PUBMED | CROSSREF

 23. Farooqui N, Phillips G, Barrett C, Stukus D. Acceptability of an interactive asthma management mobile 
health application for children and adolescents. Ann Allergy Asthma Immunol 2015;114:527-9. 
PUBMED | CROSSREF

 24. Mosnaim G, Li H, Martin M, Richardson D, Belice PJ, Avery E, et al. A tailored mobile health intervention 
to improve adherence and asthma control in minority adolescents. J Allergy Clin Immunol Pract 
2015;3:288-290.e1. 
PUBMED | CROSSREF

 25. Stukus DR, Farooqui N, Strothman K, Ryan K, Zhao S, Stevens JH, et al. Real-world evaluation of a mobile 
health application in children with asthma. Ann Allergy Asthma Immunol 2018;120:395-400.e1. 
PUBMED | CROSSREF

 26. Ostojic V, Cvoriscec B, Ostojic SB, Reznikoff D, Stipic-Markovic A, Tudjman Z. Improving asthma control 
through telemedicine: a study of short-message service. Telemed J E Health 2005;11:28-35. 
PUBMED | CROSSREF

 27. Cook KA, Modena BD, Simon RA. Improvement in asthma control using a minimally burdensome and 
proactive smartphone application. J Allergy Clin Immunol Pract 2016;4:730-737.e1. 
PUBMED | CROSSREF

 28. Lv Y, Zhao H, Liang Z, Dong H, Liu L, Zhang D, et al. A mobile phone short message service improves 
perceived control of asthma: a randomized controlled trial. Telemed J E Health 2012;18:420-6. 
PUBMED | CROSSREF

97https://e-aair.org https://doi.org/10.4168/aair.2022.14.1.85

Asthma Management in China

http://www.ncbi.nlm.nih.gov/pubmed/22446569
https://doi.org/10.1136/bmj.e1756
http://www.ncbi.nlm.nih.gov/pubmed/25856270
https://doi.org/10.1002/alr.21468
http://www.ncbi.nlm.nih.gov/pubmed/20562122
https://doi.org/10.1183/09031936.00000810
http://www.ncbi.nlm.nih.gov/pubmed/19620163
https://doi.org/10.7326/0003-4819-151-2-200907210-00008
http://www.ncbi.nlm.nih.gov/pubmed/24028826
https://doi.org/10.2196/jmir.2640
http://www.ncbi.nlm.nih.gov/pubmed/19852197
https://doi.org/10.1016/S1081-1206(10)60532-7
http://www.ncbi.nlm.nih.gov/pubmed/25092003
https://doi.org/10.1007/s11606-014-2940-8
http://www.ncbi.nlm.nih.gov/pubmed/27106263
https://doi.org/10.1186/s12911-016-0286-3
http://www.ncbi.nlm.nih.gov/pubmed/26661717
https://doi.org/10.1093/jamia/ocv158
http://www.ncbi.nlm.nih.gov/pubmed/17603828
https://doi.org/10.1089/tmj.2006.0053
http://www.ncbi.nlm.nih.gov/pubmed/26021895
https://doi.org/10.1016/j.anai.2015.03.006
http://www.ncbi.nlm.nih.gov/pubmed/25609351
https://doi.org/10.1016/j.jaip.2014.10.011
http://www.ncbi.nlm.nih.gov/pubmed/29452259
https://doi.org/10.1016/j.anai.2018.02.006
http://www.ncbi.nlm.nih.gov/pubmed/15785218
https://doi.org/10.1089/tmj.2005.11.28
http://www.ncbi.nlm.nih.gov/pubmed/27107690
https://doi.org/10.1016/j.jaip.2016.03.005
http://www.ncbi.nlm.nih.gov/pubmed/22667695
https://doi.org/10.1089/tmj.2011.0218


 29. Prabhakaran L, Chee WY, Chua KC, Abisheganaden J, Wong WM. The use of text messaging to improve 
asthma control: a pilot study using the mobile phone short messaging service (SMS). J Telemed Telecare 
2010;16:286-90. 
PUBMED | CROSSREF

 30. Krishnan JA, Riekert KA, McCoy JV, Stewart DY, Schmidt S, Chanmugam A, et al. Corticosteroid use after 
hospital discharge among high-risk adults with asthma. Am J Respir Crit Care Med 2004;170:1281-5. 
PUBMED | CROSSREF

 31. Nong Y, Lin JT, Wang WQ, Zhou X, Wang CZ, Huang M, et al. A multi-center study for the association 
between the perception and control of disease among asthmatic patients in Chinese urban areas. 
Zhonghua Yi Xue Za Zhi 2017;97:1425-9. 
PUBMED | CROSSREF

Asthma Management in China

98https://e-aair.org https://doi.org/10.4168/aair.2022.14.1.85

http://www.ncbi.nlm.nih.gov/pubmed/20576744
https://doi.org/10.1258/jtt.2010.090809
http://www.ncbi.nlm.nih.gov/pubmed/15374842
https://doi.org/10.1164/rccm.200403-409OC
http://www.ncbi.nlm.nih.gov/pubmed/28535631
https://doi.org/10.3760/cma.j.issn.0376-2491.2017.18.015

	Asthma Management Using the Mobile Asthma Evaluation and Management System in China
	INTRODUCTION
	MATERIALS AND METHODS
	Patients
	App
	Randomization
	Procedures
	Outcomes
	Statistical analyses

	RESULTS
	Secondary endpoints

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table S1
	Supplementary Fig. S1
	Supplementary Fig. S2
	Supplementary Fig. S3
	Supplementary Fig. S4

	REFERENCES


