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A mobile telephone-based interactive self-
care system improves asthma control

W-T. Liu*#, C-D. Huang**, C-H. Wang*, K-Y. Lee*, S-M. Lin* and H-P. Kuo*

ABSTRACT: The self-management of asthma can improve clinical outcomes. Recently, mobile
telephones have been widely used as an efficient, instant personal communication tool. This
study investigated whether a self-care system will achieve better asthma control through a mobile
telephone-based interactive programme.

This was a prospective, controlled study in outpatient clinics. From 120 consecutive patients
with moderate-to-severe persistent asthma, 89 were eventually recruited for the study, with 43 in
the mobile telephone group (with a mobile telephone-based interactive asthma self-care system).

In the mobile telephone group, mean +sem peak expiratory flow rate significantly increased
at 4 (378.2+9.3 L-min™"; n=43; p=0.020), 5 (378.2+9.2 L-min'; n=43; p=0.008) and 6 months
(382.7 +8.6 L-min™'; n=43; p=0.001) compared to the control group. Mean + sem forced expiratory
volume in 1 s significantly increased at 6 months (65.2 + 3.2% predicted; n=43; p<0.05). Patients
in the mobile telephone group had better quality of life after 3 months, as determined using the
Short Form-12= physical component score, and fewer episodes of exacerbation and unscheduled
visits than the control group. Patients in the mobile telephone group significantly increased their
mean daily dose of either systemic or inhaled corticosteroids compared with the control group.

The mobile telephone-based interactive self-care system provides a convenient and practical

self-monitoring and -management of asthma, and improves asthma control.
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orldwide asthma prevalence has in-
W creased very considerably in recent

decades [1, 2]. The prevalence rate of
adult bronchial asthma in Taipei City, Taiwan is
7.8%, and its morbidity and mortality are a distinct
social burden not only for patients, but also for
society in general [3]. Common problems in
asthma care in Taiwan and, perhaps, globally
include patients seeking treatment only for acute
asthma attacks, lack of concepts of long-term
asthma care, poor compliance with inhaled med-
ication, monitoring and assessment of asthma
severity by symptoms and signs only, shortage
of time and personnel to educate patients, and lack
of objective asthma assessment [4-9].

Asthma is better controlled if patients self-
monitor their symptoms and peak flow, follow
a written action plan, and regularly visit their
physician [10]. However, a written action plan
may be not comprehensive enough to provide
guided self-management for all asthma events
that happen at home. Short Message Service
(SMS), a convenient, reliable, affordable and

secure means of telemedicine, has been shown
to improve asthma control when added to a
written action plan and standard follow-up [11].
Recently, a systemic review of home telemonitoring
for patients with respiratory conditions, particularly
when evaluated in randomised controlled trials in
asthma, showed that home telemonitoring of
respiratory conditions results in early identification
of deteriorations in patient condition and symptom
control [12-17]. In Taiwan, an internet-based asthma
telemonitoring programme reportedly increased
self-management skills and improved asthma out-
comes, and appeared to be an effective technology
for care that is well accepted by asthmatic children
and their caregivers [13]. However, telephone
communication is time-consuming and staff-heavy,
while internet access is not always convenient.

Mobile telephones are widely used as an efficient,
instant personal communication tool, such that
their function has been expanded from a simple
telephone to a microcomputer. General Packer
Radio Service (GPRS) is now a common function
of all makes of cell phones. Through GPRS, many
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interactive functions can be created to provide instant access to
information. In a recent study, a mobile telephone-based
system was used to provide home endurance exercise training
programme, and monitor respiratory symptoms and exercise
activity with good compliance and clinical outcomes in
patients with moderate-to-severe chronic obstructive pul-
monary disease [18]. The success of this pilot study was
encouraging enough to develop an automatic, interactive
communication with asthmatic patients for self-monitoring
and -management using mobile telephones. In the present
study, we hypothesised that patients would be aware of their
daily asthma control status and obtain instant advice for
corresponding management through a mobile telephone-based
interactive programme, which will lead to better asthma
control.

MATERIALS AND METHODS

Study subjects and design

This prospective randomised controlled study enrolled 120
patients with moderate-to-severe persistent asthma from the
outpatient clinics of Chang Gung Memorial Hospital, Linkou, a
tertiary teaching medical centre in northern Taiwan (fig. 1). All
asthmatic subjects met the criteria for asthma as defined by the
American Thoracic Society [19] on the basis of clinical
symptoms and physical examination. Patients were treated
according to their current severity level by the Global Initiative
for Asthma (GINA) guidelines [20] and they were taught how
to adjust their medication. All subjects received asthma
education, self-management plan, and standard treatment.
They were asked to measure and record daily peak expiratory
flow rate (PEFR) and asthma symptoms on a diary.

After informed consent was obtained, the patients were
randomised into two groups (mobile telephone and control
groups). Patients were evaluated on their quality of life using
the Short form (SF)-12& questionnaire, episodes of acute
exacerbation and medications used for asthma control on their
return visit, monthly for 6 months. Pulmonary function tests,
including forced expiratory volume in 1 s (FEV1) and forced
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vital capacity (FVC), were performed every 3 months. Asthma
symptom score, and number of unscheduled clinic visits,
emergency department visits, and hospitalisations during the
study period were also recorded.

All the patients recruited into the study received asthma
education as part of their regular care, including verbal and
printed information, as well as concepts related to asthma
control. A series of instructional sheets were available with the
asthma programme to help patients understand asthma,
selected devices, medications and environmental control. The
study was approved by the Institutional Review Board of
Chang Gung Memorial Hospital Ethics Committee. Informed
consent was obtained from all subjects.

Mobile telephone-based interactive asthma self-care
system

The present study developed a mobile telephone-based
interactive self-care software. It was created under the
collaboration between the Taiwan Chest Disease Association
and National Center for High-Performance Computing,
Hsinchu, Taiwan. The self-care software provided an electronic
diary to record patients” daily asthma symptom score (sleep
quality, severity of coughing, difficulty in breathing and daily
activities affected by asthma), use of relievers, peak expiratory
flow rate (PEFR) and PEFR variability.

Patients were taught how to use the software, which was
installed on patients” mobile telephones. They were loaned a
self-care system compatible mobile telephone if they did not
have a compatible one. The uploaded data were stored and
automatically computed in their personal files in a secured
server at the information center of the National Center for
High-Performance Computing.

In the mobile telephone-based self-care system, the level of
asthma control was assessed by PEFR, the need for reliever use
and the daily asthmatic symptoms that were assessed using
the methods in the Global Initative for Asthma (GINA)
guidelines 2006. We developed a scoring system for computing

Patients with moderate-to-severe asthma#
n=120

l Randomisation l

Control group n=60
Booklet for written asthma diary
and action plan, baseline data

self-care system, baseline data

Study group n=60
Mobile telephone: based

Dropouts n=6

Dropouts n=9
- Neoplasm found n=1
- Transport problems n=3
- Lost to follow-up n=5

A
| Review 3 months n=51 |

Dropouts n=5
- Transport problems n=2 |«
- Lost to follow-up n=3

A
| Review 6 months n=46 |

- Difficulty operating the mobile
| telephone n=4

| - Application breakdown n=2

- Being abroad n=1

- Lost to follow-up n=4

| Review 3 months n=49 |

Dropouts n=6
» - Transport problems n=3
- Lost to follow-up n=3

Y
| Review 6 months n=43 |

FIGURE 1. Of the 120 patients who initially met the inclusion criteria, 89 patients were eventually recruited into the study and 43 were in the mobile telephone group.

#: defined using records of clinical information, including: monthly peak expiratory flow rate, Short Form-12w questionnaire and medications for asthma control; every
3 months, pulmonary functions tests, including forced vital capacity (FVC), forced expiratory volume in 1 s (FEV1) and FEV1/FVC; during exacerbation, times of unscheduled

visits and hospitalisation.
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PEFR <80% pred (or personal best) or variability >30% 1 Levels of asthma control:
Need for reliever/rescue treatment: >2 times-week™ 1 0 Controlled
In sleep (daily asthmatic symptom score) —>| 1-3 Partly controlled
0 | Sleeping was not interrupted by asthma >3 | Uncontrolled
0
1 | Sleeping was lightly interrupted by asthma l
2 | Woken by asthma attack during sleep Management based on asthma control
1
3 | Could not fall asleep because of asthma attack Controlled
. . . ] "Your present condition is stable. The present treatment is quite
S ty of h daily asthmat t
everity of coughing (daily asthmatic symptom score) proper for you; there is no need to change the dosage of drugs.
0 | None You should continue to maintain this condition for at least
- 0 3 months; then consider decreasing the dosage or the number
1 | Sometimes of drugs. Please return to OPD clinic on schedule..."
2 | Frequent Partly controlled
1
3 | All day long 1. If PEFR <80% or rescue treament used: "Asthma control is not
— - - - - ideal although without apparent asthma symptoms. The symptoms
Difficulty in breathing (daily asthmatic symptom score) may not precisely reflect the pulmonary function. You may increase
o IN the doses of the present anti-inflammatory agents (steroids/anti-
one 0 leukotrienes)."
1 | Light 2. If with apparent asthmatic symptoms: "Please maintain the
present treatment and you may try to use short acting 3,-agonists
2 | Frequent to relieve symptoms. If the symptoms persist, it is possible that the
1 symptoms may not be caused by asthma (such as sinusitis,
3 | Severe . .
gastroesophageal reflux, upper airway dysfunction, etc). Please
Daily activities affected by asthma (daily asthmatic symptom score) return to OPD clinic and discuss with your doctor and may
increase anti-inflammatory agents if needed..."
0 | Not at all
0 Uncontrolled
1 | Unable to do more active activties "Your asthma is uncontrolled. You should increase the doses of the
2 | Having difficulties performing normal daily activities present anti-inflammatory agents (steroids/anti-leukotrienes), or
- 1 add long acting Py-agonist on the existing medications. Review the
3 | Unable to do anything concepts of medication utility and check whether you take

Overall asthmatic symptoms: total score of daily asthmatic
symptom >6

bronchodilators alone without anti-inflammatory agents. Return to
OPD clinic and discuss with your doctor for the other reasons
causing asthmatic symptoms..."

FIGURE 2. Management approach based on levels of asthma control. Symptoms were categorised according to sleep quality, severity of coughing, difficulty breathing

and daily activities affected by asthma. Each question was answered on a four-point scale from 0-3. The score system was ranged from 0-1 in each question and a simplified

level of asthma control for controlled (total score 0), partly controlled (total score 1-3), and uncontrolled (total score >3) asthma was provided. The system provided the
management suggestions on the cell phone. PEFR: peak expiratory flow rate; % pred: % predicted. OPD: outpatient department.

the result in the data centre: first, the result of PEFR was scored
as 1 if it was <80% of the patient’s best value or its variability
was above 30%; otherwise, it was scored as 0. Secondly, if there
was a need for reliever, use the score was 1, or otherwise 0.
Thirdly, the method to assess the daily asthmatic symptoms
was modified because, in real life, these symptoms may not be
described clearly by the patients themselves. We categorised
the symptoms using four questions on sleep quality, severity of
coughing, difficulty breathing and daily activities affected by
asthma. Each question was answered on a four-point scale
from 0 to 3, for the convenience of the patient. Then, the score
for each question was converted to 0 if the patient choses 0 or 1,
and 1 if 2 or 3 was answered. Finally, the overall asthmatic
symptoms were scored as 1 if the total answered score of the
four questions was >6. After calculating the sum of scores
from the results of PEFR value, need for reliever use, daily and
overall asthmatic symptoms, the patient’s asthma was recog-
nised as controlled (total score 0), partly controlled (total score
1-3) or uncontrolled (total score >3) (fig. 2). After uploading
the diary data, according to the level of asthma control

312 VOLUME 37 NUMBER 2

calculated in the data centre, the patient received the
assessment of their asthma status and the corresponding
management advice, which were displayed immediately on
the mobile telephone via GPRS. The assessment of asthma
control was determined by the data uploaded within the
previous 7 days. Patients in the mobile telephone group were
asked to follow the management advice to adjust their anti-
inflammatory agents if there was high variability of PEFR,
increased frequency of daytime or nighttime asthma episodes,
or decreased response to bronchodilators (fig. 3). These
management suggestions were based on GINA guidelines for
asthma control (online supplemetary figs 1-3).

The patients were always asked to examine medication com-
pliance, control environmental factors and emotional stress,
review concomitant medications, and aggressively treat their
rhinosinusitis or gastro-oesophageal reflux before adjusting
their anti-inflammatory agents when they lose their asthma
control. The patients and medical staff reviewed the daily,
weekly and monthly data of patients” asthma symptom scores,

EUROPEAN RESPIRATORY JOURNAL
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Start software and log in

Different modes:

setting/assessment/AE/quit
v , v
Initial setting to determine _| Asthma control Choose the reasons
personal best value of PEFR assessment for AE
[
PEFR Asthma symptoms:
Oral prednisolone Sleep
Bronchodilator Cough
Dyspnoea
Activities
J
Comment on asthma control and
corresponding management advice
FIGURE 3. Flow chart of the mobile telephone-based interactive asthma self-care system. AE: acute exacerbation; PEFR: peak expiratory flow rate; —: “usual” pathway;

---1 "backward” pathway.

PEFR, PEFR variability and use of relievers on the website. The
data were given to the physicians to adjust their treatment plan
when patients returned to their clinics. Additional details on
the mobile telephone phone self-care system were provided at
http:/ /asthma.tcda.tw (in Chinese).

Control group booklet for written asthma diary and action
plan

The control group participants were given a asthma symptom
diary booklet and were asked to record their PEFR regularly,
preferably daily. All patients received an individualised
asthma action plan with detailed instructions for daily self-
management, as well as guidelines for handling exacerbations
and emergencies. The action plan comprised of a three-colour
warning system based on the symptoms score and PEFR
values. The patients were treated according to the GINA
guidelines and were taught how to adjust their medications.

Data security within the mobile telephone-based system
Data captured by the mobile telephone was held on a secure
database by the National Center for High-Performance
Computing. The transmission of data and its availability to
the patients and to their healthcare professionals was provided
in a secure manner. All subject-identifiable data was
encrypted. Access to the data was logged in using personal
high-security username and password. Access was limited to
the clinicians managing the patients and restricted members of
the research team, with the patients” permission.

Statistical analysis

Data are presented as mean +SEM. One-way ANOVA for was
used to compare mean values of more than two study groups.
A two-tailed, unpaired t-test or nonparametric Mann-Whitney
test was applied to compare results between the two groups.
Frequencies of contribution of factors were compared between
groups by Chi-squared test. A p-value <0.05 was considered
statistically significant.

EUROPEAN RESPIRATORY JOURNAL

RESULTS

Compliance with mobile telephone-based interactive self-
care system

During the study period, 120 patients initially met the
inclusion criteria (fig. 1). Of patients in the mobile telephone
group, 49 (81.7%) patients and 43 (71.7%) patients were still
adherent to the interactive self-care system and sent data to the
website by GPRS for 3 and 6 months, respectively. 51 (85%)
patients and 46 (76.7%) patients in the control group were still
adherent to the written asthma diary booklet and action plan
for 3 and 6 months, respectively. In the mobile telephone
group, six (35.3%) of the patients who withdrew from the
study did so due to problems with the mobile telephone itself:
four patients has difficulty operating the telephone and two
patients had application breakdowns. One (5.9%) out of 17
patients who withdrew left the country during the first
3 months of this study and another three (17.6%) patients
withdrew due to transport problems. In the control group, one
(7.1%) of the 14 patients who withdrew from the study was
diagnosed with a neoplasm and five (35.7%) patients withdrew
due to transport problems during the study period. There were
also seven (41.2%) out of 17 patients and eight (57.1%) out of 14
patients lost to follow-up in the mobile telephone phone and
control groups, respectively. Eventually, 89 patients were
enrolled in the study, 43 of whom were in the mobile
telephone group.

Baseline characteristics of the study subjects

The characteristics of the study subjects were shown in table 1.
There was no significant difference between the two groups in
terms of age, sex, body mass index, asthma severity or baseline
pulmonary function. There were no significant differences in
either maintenance medications or baseline SF-12& scores.

Pulmonary function

In the mobile telephone group, mean+seM PEFR increased
significantly at 4 (378.2+9.3 L-min'; n=43; p=0.020), 5 (378.2 +
9.2 L'min™"; n=43; p=0.008) and 6 months (382.7+8.6 L-min;
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Baseline characteristics of subjects
Control Mobile p-value
telephone

Subjects 46 43

Age yrs 54.0+24 50.4+19 0.247
Males 22 (47.8) 22 (51.2) 0.756
BMI kg-m2 24.3+0.5 24.0+0.5 0.672
SF-12x PCS 432+1.4 416+15 0.460
SF-12: MCS 48.6+1.2 48.6+1.1 0.886
FVC L 2.01+0.11 2.18+0.11 0.138
FEV1 L 1.57+0.09 1.40+0.09 0.083
FEV1 % pred 58.2+3.1 57.9+3.0 0.825
FEV1/FVC % 68.4+1.8 705+1.7 0.297
PEFR L-min™’ 350.1+7.8 352.2+10.3 0.997
Inhaled corticosteroids® pg 619.6+33.6 604.7+41.0 0.546
Systemic corticosteroids’ mg 13404 12404 0.886
Systemic corticosteroids” 9 (19.6) 8 (18.6) 0.908
Antileukotrienes™ 14 (30.4) 19 (44.2) 0.180

Data are presented as n, mean+Sem or n (%), unless otherwise stated. BMI:
body mass index; SF: Short Form; PCS: physical component score; MCS:
mental component score; FVC: forced vital capacity; FEV1: forced expiratory
volume in 15s; % pred: % predicted; PEFR: peak expiratory flow rate.
#: fluticasone propionate or equivalent. ’: prednisolone. *: montelukast.

n=43; p=0.001) compared with the control group. The morning
PEFR of patients in the mobile telephone group increased
from baseline (352.2+10.3 L'min™) to 376.3+9.2 L'min™ at 3
(n=43; p=0.0017), 3782+9.3 L'min™" at 4 (n=43; p=0.002),
3782492 L'min™ at 5 (n=43; p=0.005) and 382.7+8.6 L-min™
at 6 months (n=43; p=0.002). There was no significant change
during the study period in the mean PEFR of the control group
(table 2).

ay.\:18 5% Pulmonary function

PEFR L-min™ FEV1 % pred
Control Mobile Control Mobile

telephone telephone
Subjects 46 43 46 43
Baseline 350.1+7.8 352.2+10.3 58.2+3.1 57.9+3.0
1 month 3489+7.2 357.6+10.0
2 months 351.1+7.2 364.3+9.7
3 months 85819EE 719 376.3+9.2* 60.0+3.3 63.7 +2.9**
4 months  350.4+7.4  3782+9.3**
5months  3468+7.2  3782+9.2%%
6 months 343.5+7.7 382.7+8.6%% 56.5+2.8 65.2+3.2**%

Data are presented as n or mean +sem. PEFR: peak expiratory flow rate; FEV1:
forced expiratory volume in 1 s; % pred: % predicted. *: p<<0.05 compared with
baseline; **: p<0.01 compared with baseline; *: p<0.05 for control group
versus mobile telephone group.

314 VOLUME 37 NUMBER 2
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In the mobile telephone group, the FEV1 % predicted
significantly increased at 6 months (65.2+3.2%; n=43;
p<0.05) compared to the control group and baseline. FEV1 %
pred also significantly increased from baseline (57.94+3.0%) in
the mobile telephone group to 63.7+2.9% at 3 months (n=43;
p=0.005) and 65.2+3.2% at 6 months (n=43; p<0.001)
(table 2). In contrast, there was no significant change in
predicted FEV1 values during the study period in the control
group (table 2).

Quality of life

Patients in the mobile phone group improved their quality of
life (QoL), with a significant increase in SF-12n physical
component score from the baseline value (41.6+1.5) to
45.2+1.3 (n=43; p=0.045) after 2 months, and then throughout
the rest of the study period (table 3). Patients in the mobile
telephone group had better QoL in terms of SF-12x PCS after
3 months of the study when compared with patients in the
control group (table 3).

There was no significant change of the SF-12® mental
component score (MCS) in the mobile telephone group
throughout the study period (table 3). However, the SF-12&
MCS in the control group decreased significantly at
4 (43.6+1.4; n=46, p<0.001), 5 (43.6+1.5; n=46;, p=0.004)
and 6 months (44.4+1.4; n=46: p=0.008) from the baseline
value (48.6+1.2) (table 3).

Medications used for asthma control

Compared to baseline medications, patients in the mobile
telephone group significantly increased their mean daily
dosage of either inhaled or systemic corticosteroids during
the study period. There was no significant change in the
dosage of steroids in the control group (table 4).

Patients in the mobile telephone group used more antileuko-
trienes to control their asthma than those in the control group.
The percentage of patients treated with antileukotrienes in the
mobile telephone group was significantly higher than that in

L.\ B Quality of life

SF-12x PCS SF-120 MCS
Control Mobile Control Mobile

telephone telephone
Subjects 46 43 46 43
Baseline 432414 416+15 48.6+1.2 48.6+1.1
1 month 42.7+1.4 426+1.6 482412 50.1£1.0
2 months 41.7+15 452+1.3* 480+1.1 50.0+1.3
3 months 41.3+1.4 47.5+1.2%**  47.7+1.4 50.7+1.1
4 months  389+1.4* 45.641.3%** 4364 1.4%** 509+1.0
5 months 38.6+1.5* 46.44+1.2%**  43.6+1.5%** 493+11
6 months 40.0+1.5 45.54+1.4%** 44,441 4%** 50.4+1.1

Data are presented as n or mean+ sem. SF:. Short Form; PCS: physical
component score; MCS: mental component score. *: p<<0.05 compared with
baseline; **: p<<0.01 for control group versus mobile telephone group.

EUROPEAN RESPIRATORY JOURNAL
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1:\=]8 8 Medications used for asthma control

ICS dosage pg

Systemic steroid dosage mg

ASTHMA

Antileukotriene

Control Mobile telephone Control Mobile telephone Control Mobile telephone

Subjects 46 43 46 43 46 43
Baseline 620+ 34 605 +41 1.30+0.42 1.16+0.40 14 (30.4) 19 (44.2)

1 month 625+ 33 651 +41* 1.20+0.42 1.51+£0.49 15 (32.6) 21 (38.8)

2 months 614+35 669 +38* 1.30+0.42 1.63+0.49 16 (34.8) 26 (60.5)*

3 months 609 +42 680+ 38* 1.30+0.39 2.33+0.63* 15 (32.6) 20 (46.5)

4 months 609 +40 663 +38* 1.30+0.39 2.21+0.58* 16 (34.8) 19 (44.2)

5 months 598+ 39 686 +39* 1.20+0.35 2.27+0.58* 16 (34.8) 19 (44.2)

6 months 630+39 709 + 32* 1.25+0.35 2.38+0.56* 16 (34.8) 17 (39.5)

Data are presented as n, mean +sem or n (%). ICS: inhaled corticosteroids. *: p<0.05 compared with baseline; #: p<0.05 for control group versus mobile telephone group.

the control group at 2 months (60.5 versus 34.8%, respectively;
p=0.015) (table 4).

Clinical outcomes after 6 months of follow-up

Patients in the mobile telephone group had fewer episodes of
exacerbation and unscheduled visits than those in the control
group (table 5).

DISCUSSION

The results of the present study demonstrate that a mobile
telephone-based interactive self-care system may offer better
self-management of asthma than a written action plan, in terms
of improving pulmonary function (FEV1 and PEFR) and QoL,
and decreasing episodes of exacerbation and unscheduled
visits. The increased dosage of corticosteroids and antileuko-
trienes used for asthma control in the mobile telephone group
suggests increased dosage of anti-inflammatory agents for the
fluctuating course of asthma and accounts for better asthma
control.

1):\=]8 =3 Clinical outcomes at 6 months

Control Mobile
telephone

Subjects 46 43
Unscheduled visits to the emergency dept

Patients 9 (20)* 2 (4.4)

Visits 12 2

Visits per patient 0.267 0.044
Hospitalisation

Patients 122 0

Visits 1 0

Visits per patient 0.022 0
Respiratory failure 0 0
Mortality 0 0

Data are presented as n or n (%). *: p<0.05 compared with corresponding
mobile telephone group.
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Based on the National Heart, Lung and Blood Institute
(Bethesda, MD, USA) treatment guidelines, a patient-centred,
comprehensive asthma health management programme has
been shown to improve processes of care and outcomes over a
2-yr period [21]. Many studies have also demonstrated that
long-term monitoring of asthma severity and use of action
plans for self-management can reduce asthma exacerbations,
optimise drug therapy and decrease the cost of asthma
management [10]. In the present study, the daily PEFR and
symptom scores were well monitored in the mobile telephone
group and patients received a corresponding recommendation
of management on their mobile telephone for their change in
PEFR and symptom score. Therefore, early medical interven-
tion may be implemented to prevent deterioration.

Persistent asthma symptoms, and delayed and insufficient
anti-inflammatory treatment are associated with deterioration
of lung function in asthma, reduced bronchodilator response
and enhanced exacerbation rates [22-24]. Anti-inflammatory
treatment was mostly adjusted during the subsequent clinic
visit according to the level of asthma control. Change in
asthma control may not be significant enough to draw the
patients’ attention if patients do not frequently monitor and
assess their asthma severity, which may result in unscheduled
clinic visits if conditions become more severe.

In this study, the level of asthma control in the mobile
telephone group was assessed regularly and patients were
advised to increase the use of anti-inflammatory treatment
when they lost asthma control. Thus, patients were able to take
sufficient anti-inflammatory treatment without delay. This
interactive care system also provided information for patients
to find out the causes of their loss of asthma control and avoid
unnecessary increases in anti-inflammatory treatment. In
contrast, the written action plan in the control group may not
have been comprehensive enough for patients to adjust the use
of anti-inflammatory treatment, leading to increased asthma
exacerbation episodes, unscheduled visits and decline in
pulmonary function.

Change in overall asthma QoL score correlates significantly
with FEV1, forced expiratory flow at 25-75% of FVC and
morning PEFR [25]. A cohort study showed that both the PCS
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score and the asthma QoL questionnaire score are associated
with subsequent asthma-related emergency department utili-
sation, suggesting that better QoL leads to fewer exacerbations
and unscheduled visits [26]. In the present study, patients in
the mobile telephone group had better FEV1, PEFR and QoL
compared to patients in the control group and their own
baseline data.

Good control of asthma is based on the adherence to treatment
guidelines (GINA) for daily management. In addition, ade-
quate medication (controller) is essential for lung function
improvement and asthma control. In Japan, medication regi-
men below the severity level leading to poor control of asthma
has been noted in 30-48% of persistent asthmatics [27]. The
poor awareness of individual asthma control level and a lack of
good communication with therapists leads to difficulty in
adhering to the treatment guidelines for asthma control [28].
The mobile telephone-based self-care system provides a
feasible and acceptable method for self-monitoring of asthma
control. This new technology handles complex calculation
programmes and algorithms easily, and offers immediate
response to the corresponding level of asthma control as an
efficient way of communication. In addition, our system can be
used as a real-time telemedicine tool to supplement outpatient
monitoring [17, 29-34]. The Robert Wood Johnson Foundation
[35] has noted an increased use of internet-based devices, cell
phones, and personal digital assistants (PDAs) creating
opportunities for both patients and providers to benefit from
access to e-Health applications. All of these advantages can be
amplified in the treatment of asthmatic subjects.

Recently, cell phone-based monitoring systems have been
considered to have the potential to support guided self-
management [36]. A recent study has shown that good
compliance and adherence to the exercise programme for
chronic obstructive pulmonary disease are additional factors
that contribute to the maintenance of clinical benefits in the
mobile telephone group during the self-management period
[18]. This newly developed, innovative technique, the mobile
telephone-based interactive self-care system, is a promising
intervention to promote good communication between
patients and caregivers, resulting in better adherence to
asthma management. Most mobile telephones with GPRS are
support commercially available. Of patients in the mobile
telephone group, 49 (81.7%) patients and 43 (71.7%) patients
were still adherent to the interactive self-care system and sent
data to the website by GPRS to 3 and 6 months, respectively.
We did not pre-select the study subjects and the compliance in
this study was ~80% in the mobile telephone group. This pilot
study was not powered to detected significant differences
between groups in adherence nor designed to assess the
accuracy of the data recorded in the system. Although current
data on subject acceptance of electronic data capture devices is
limited, this study suggests the feasibility and potential value
of this mobile telephone-based interactive self-care system.

The good adherence in the cell phone group can also be
attributed to the user-friendly software. Since the software is
compatible with most commercial mobile telephone and data
are transmitted via GPRS, the monthly cost for each patient to
use such a service in Taiwan is less than USD 3.00. It is simple,
reliable, easy to use, and time- and cost-efficient. The asthmatic
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patients with frequent outdoor activities or travel benefit from
using the system, as they have greater environmental exposure
to allergens.

This study has several limitations. First, this study has a
relatively small sample size, which may not be able to
demonstrate all possible differences among the study groups.
Secondly, it is a single-centre study, and the results may not be
generalised to other settings. Thirdly, some asthma patients
may find it difficult to operate this mobile telephone-based
system. Patients who have hearing or visual impairment, or
those who are not familiar with or not able to operate mobile
telephones, are not suitable for this system. Finally, this is a
pilot study designed to assess clinical improvement and
feasibility of using a mobile telephone-based system to
electronically capture clinical information in subjects with
asthma. We randomised the patients using a written asthma
diary booklet and action plan as control group since the
strategy is suggested in current GINA guidelines to develop a
partnership between patients and their healthcare team by
working together. It may be expected to have better control,
due to comprehensive input of data, and enhance the
adherence of asthma management. In a recent study, 58% of
subjects preferred the mobile telephone-based diary, lending
support to the concept that subjects will accept and ultimately
may prefer to use electronic data capture devices. Since it is not
powered to detected significant differences in adherence
between groups, nor designed to assess the accuracy of the
data recorded in the system, it does not provide definitive
answers at this moment. A comparison with a more simple
evaluation closer to current clinical practice (e.g. asthma
control test (ACT) questionnaire, performed periodically every
1-3 months) may be done in the future.

In summary, a mobile telephone-based interactive self-care
system is a promising tool for supporting the self-management
of asthma. Patients increased their awareness of asthma
control, and benefited from a reduced rate of acute exacerba-
tions and improved pulmonary function, as well as improved
QoL, through early medical intervention.
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