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ABSTRACT

Background and objective: Poorly controlled asthma
during pregnancy is hazardous for bothmother and foe-
tus. Better asthma control may be achieved if patients
are involved in regular self-monitoring of symptoms
and self-management according to a written asthma ac-
tion plan. Telehealth applications to optimize asthma
management and outcomes in pregnant women have
not yet been evaluated. This study evaluated the efficacy
of a telehealth programme supported by a handheld re-
spiratory device in improving asthma control during
pregnancy.
Methods: Pregnant women with asthma (n=72) from
two antenatal clinics in Melbourne, Australia, were ran-
domized to oneof twogroups: (i) intervention—involving
a telehealth programme (management of asthma with
supportive telehealth of respiratory function in preg-
nancy (MASTERY©)) supported by a handheld respira-
tory device and an Android smart phone application
(Breathe-easy©) and written asthma action plan or (ii)
control—usual care. The primary outcome was change
in asthma control at 3 and 6months (prenatal). Second-
ary outcomes included changes in quality of life and lung
function, and perinatal/neonatal outcomes.
Results: At baseline, participants’ mean (± standard
deviation) age was 31.4±4.5 years and gestational age
16.7±3.1weeks. At 6months, the MASTERY group had
better asthma control (P=0.02) and asthma-related qual-
ity of life (P=0.002) comparedwithusual care. Therewere
no significant differences between groups in lung func-
tion, unscheduled health-care visits, days off work/study,
oral corticosteroiduse, or perinatal outcomes.Differences
between groups were not significant at 3months.
Conclusion: Telehealth interventions supporting self-
management are feasible and could potentially improve
asthma control and asthma-related quality of life during
pregnancy.

Clinical trial registration: ACTRN 12613000800729 at www.
anzctr.org.au

Key words: asthma control, pregnant women, quality of life,
telehealth.

Abbreviations: APGAR, activity pulse grimace appearance respira-
tion; ACQ, Asthma Control Questionnaire; BMI, body mass index;
FEV1, forced expiratory volume in 1 s; FEV6, forced expiratory vol-
ume in 6 s; ICS, inhaled corticosteroid; LABA, long-acting beta ago-
nist; mAQLQ, mini-Asthma Quality-of-life Questionnaire; MCID,
minimum clinically important difference; SABA, short-acting beta
agonist.

INTRODUCTION

Asthma is the most common lung condition that af-
fects and complicates pregnancy.1,2 Managing
asthma in pregnant women is an integral part of
asthma guidelines3–5; however, poorly controlled
asthma during pregnancy still remains a major
problem. It increases the risks of pre-eclampsia,
foetal growth restriction, preterm birth and need
for caesarean delivery.6–9
Visit to medical practitioners regularly and

following a written asthma action plan (WAAP)
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SUMMARY AT A GLANCE

This study evaluated the efficacy of a telehealth
programme, supported by a handheld respiratory
device for optimising asthma management in
pregnant women. At the end of the study, partici-
pants in the intervention group showed greater
improvement in asthma control and asthma-
related quality of life than the control group.
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have shown better asthma control.10 Recording
daily symptoms continually as a part of asthma
self-management reduces unplanned hospitaliza-
tions and improves quality of life in asthma
patients.11–14

Early detection of exacerbations and better man-
agement of asthma exacerbations can be achieved
by home telemonitoring.11–14 Internet or mobile
phone-based health-care interventions have been
reported to have potential benefits in adults11,14

and children13 with asthma when compared with
usual care. Mobile phone-based interventions to
support asthma management have been evaluated
in several studies.14–16 However, telehealth applica-
tions to optimize asthma management and out-
comes in pregnant women have not yet been
evaluated.
This study evaluated the efficacy of a telehealth

programme in improving asthma control during
pregnancy. We hypothesized that the intervention
group (management of asthma with supportive
telehealth of respiratory function in pregnancy
(MASTERY©)) would have better asthma control
compared with usual care.

METHODS

Study design and participants
A prospective multicentre single-blinded randomized
controlled trial was conducted in the antenatal clinics
of two large maternity hospitals in Melbourne, Austra-
lia. The study was registered (ACTRN 12613000800729)
and was approved by the human research ethics com-
mittees of Monash University, Mercy Hospital for
Women and the Royal Women’s Hospital. All partici-
pants provided written informed consent at the time
of enrolment.
Pregnant women with asthma aged ≥18 years, up

to 20weeks gestation and able to communicate in
English were approached. Those who self-reported
use of any inhaled bronchodilator or anti-inflammatory
agent for asthma within the previous 12months
were included. Women under specialist care for
brittle/difficult asthma17 or who were not in posses-
sion of or have not used a ‘smart’ mobile phone
were excluded.

Randomization and group allocation
The detailed protocol has been published else-
where.18 In brief, all consenting participants were
stratified by asthma severity based on their cur-
rent asthma medications and symptoms into two
groups: intermittent–mild or moderate–severe
asthma.3 Participants were randomized to inter-
vention (MASTERY) or control (usual care) with
1:1 allocation in random blocks of four and six
using a random allocation software19 by an inde-
pendent researcher. Randomization results were
concealed using the sealed opaque envelope tech-
nique. Participation of the women in the study is
summarized in Figure 1.

Intervention and control group
Intervention: MASTERY group
Participants allocated to MASTERY were provided
with a chronic obstructive pulmonary disease
(COPD)-6® (Vitalograph Ltd, Ennis, Ireland) to mea-
sure their lung function (forced expiratory volume in
1 s (FEV1) and forced expiratory volume in 6 s (FEV6))
daily and a specifically designed Breathe-easy© ap-
plication installed on a loaned ‘smart’ mobile phone
to record asthma symptoms and asthma medication
usage weekly. Participants were also prompted to
follow an individualized WAAP specifically devel-
oped by the study team as part of the intervention
package. An automated feedback message regarding
her asthma status was sent weekly based on the
Breathe-easy© algorithm that was based on National
Asthma Council (NAC)3 and Global Initiative for
Asthma guidelines.5 All data were transmitted auto-
matically to a central server to which the researchers,
participants and their health professionals had
secure access. Participants’ health professionals
were contacted by one of the researchers, a trained
asthma educator (E.Z.), if any medication changes
or unscheduled asthma-related visits were needed.

Control: usual care group
Control group received usual medical care from their
health professionals including regular antenatal visits
depending on pregnancy stage and presence of any
complications. A summary of the ‘Asthma and Preg-
nancy’ brochure from theNAC, which explained asthma
inpregnancy, includingfirst aid and an emergency assis-
tance number to call for any concerns regarding asthma,
was given to participants in both groups.

Outcome measures
Change in asthma control as measured by the 7-item
Asthma Control Questionnaire (ACQ-7) at 3 and
6months was the primary outcome.20 Juniper’s mini-
AsthmaQuality-of-life Questionnaire (mAQLQ) score,21

lung function (FEV1 and FEV6), self-reported exacerba-
tions, asthma-related health visits, days off work/study
related to asthma and oral corticosteroid use were
measured as the secondary outcomes. All these
measures were conducted prenatally.

Perinatal outcomes were development of any ante-
natal complications such as gestational diabetes,
hypertensive disorders of pregnancy, post-partum
haemorrhage and foetal growth restriction, mode of
delivery and gestational age of baby at delivery.

Neonatal outcomes included birthweight centile,
birth length, head circumference, and Appearance
Pulse Grimace Activity and Respiratory scores at 1
and 5min after delivery. Birthweight centiles were
calculated using www.gestation.net/grow-au.aspx,
which adjusted for maternal characteristics including
height, weight, ethnicity, parity and foetal gender.

Data collection and follow-up
At 3 and 6months from baseline, ACQ and mAQLQ
scores, asthma-related health visits, asthma-related
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days off work/study and oral corticosteroid use were
assessed to allow comparisons. Perinatal outcomes
data were collected shortly after delivery by reviewing
medical records. The outcome assessors doing follow-
ups at 3 and 6months were masked to participant
group allocation.

Sample size
Using a standard deviation (SD) in ACQ score of
0.66,22,23 we estimated that a sample size of 28 in each
armwould have 80% powerwith a two-sided 5% signif-
icance level to detect the minimal clinically important
difference (MCID) in ACQ score of 0.5 ormore between
groups.20 To allow for 25% attrition, 36 participants
were required in each arm.

Statistical analysis
The primary analysis was performed according to the
intention to treat principle. Baseline group characteris-
tics were compared using Student’s t-test or Mann–
WhitneyU-test or chi-square/Fisher’s exact test as ap-
propriate. For the primary analysis, linear regression
models were fitted to compare changes in ACQ scores
at 3 and 6months adjusting for baseline scores. We
also compared the proportion of participants whose
ACQ score improved more than 0.5 (MCID) over the
study period and the proportions in whom asthma
remained ‘not well controlled’ (ACQ score 1.5 or

greater) or ‘well controlled’ (ACQ score less than 1.5)
at each time point.24 Secondary outcomes were sum-
marized using descriptive statistics and analyses
performed as described earlier. All analyses were
performed using SAS version 9.4 (SAS Institute, Cary,
NC, USA) and SPSS version 19.0 (IBM SPSS Statistics
for Windows, Armonk, NY, USA).

RESULTS

Seventy-two pregnant women with asthma (38 and 34
from the two hospitals), mean (±SD) age 31.4
±4.5years, were enrolled in the study. The groups
had similar baseline characteristics (Table 1), regard-
less of place of recruitment. The mean (±SD) gesta-
tional age (in weeks) at baseline, 3 and 6months was
16.7±3.1, 27.4±1.3 and 36.5±0.6, respectively. No sig-
nificant difference in gestational age was observed
between the groups. The majority had moderate to se-
vere asthma (58%). Inhaled corticosteroid/long-acting
beta agonist combinations were the regular asthma
medication for almost half of them. The mean ACQ
scores, mAQLQ scores and lung function forMASTERY
and usual care groups matched well.
Changes in ACQ score from baseline to 3months

(mean± standard error) for MASTERY and usual care
groups were �0.01 ± 0.11 and 0.16 ± 0.09, respec-
tively. At 6months, the changes in ACQ score in
the two groups from baseline were �0.30 ± 0.11 and

Figure 1 CONSORT diagram of
participant flow. The asterisk (*)
represents intention to treat
analysis: participants who had at
least one follow-up were included
in the primary analysis. *ITT
analysis: participants who had at
least one follow-up were included
in the primary analysis
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0.06 ± 0.10, respectively; and the mean difference
between groups was significant (P = 0.02) (Table 2).
Participants in the MASTERY group also had clini-
cally significant improvements (MCID> 0.5) in their
quality of life at 6months when compared with the
usual care group (P = 0.002) (Table 2). Changes in
FEV1, FEV1% and FEV1/FEV6 from baseline to

both 3 and 6months between the groups were
not significant (Table 2).

Figure 2 shows changes in ACQ and mAQLQ scores,
respectively, in the two groups between baseline and
both 3 and 6months. At 6months, theMASTERY group
had a higher proportion of participants with well-
controlled asthma (ACQ< 1.5) than the control group

Table 1 Demographic, maternal and clinical characteristics of the study population at baseline

Demographic characteristics MASTERY group (n=36) Usual care group (n=36)

Race
Caucasian 30 (83) 30 (83)
Asian 3 (8) 3 (8)
Other 3 (8) 3 (8)

Australian/New Zealander 30 (83) 30 (83)
Married 27 (75) 29 (81)
Full time employment 17 (47) 18 (50)
Health care/concession card holder 5 (14) 4 (11)
Possessed current asthma action plan 2 (5) 1 (3)
Level of education
High school graduate 5 (14) 4 (11)
University graduate 6 (16) 11 (31)
Postgraduate or advanced degree 15 (42) 13 (36)
Other 10 (28) 8 (22)

Smoking status
Never 25 (69) 23 (64)
Quit pre-pregnancy 8 (22) 11 (30)
Quit during pregnancy 1 (3) 1 (3)
Currently smoking 2 (5) 1 (3)

Maternal characteristics
Age (years)† 31.1 ±4.7 31.8±4.3
Height (cm)† 164.0 ±5.4 161.7 ±7.1
Weight (kg)† 78.9 ±21.6 70.8±11.1
BMI (kg/m2)† 29.3 ±7.4 27.6±3.9
Gestational age (weeks)† 16.5 ±2.9 16.2 ±2.9
Primigravid 16 (44) 15 (42)

Other medical conditions
Anxiety/depression 10 (28) 10 (28)
Thyroid disorder 4 (11) 2 (6)

Clinical characteristics
Duration of asthma [years]‡ 26.5 [20.50–30] 25.5 [20–30]

Asthma severity
Intermittent to mild 15 (42) 15 (42)
Moderate to severe 21 (58) 21 (58)

Asthma medications
SABA only 15 (42) 15 (42)
ICS+SABA 3 (8) 2 (6)
ICS/LABA+SABA 18 (50) 19 (52)

FEV1 in litres§ 2.7 ± 0.1 2.9 ±0.1
FEV1% predicted § 89.1 ±2.3 91.6 ±0.1
FEV1/FEV6 (%)§ 80.1 ±1.1 81.5 ±1.0
ACQ score§ 1.1 ± 0.1 1.2 ±0.1
mAQLQ score§ 5.5 ± 0.2 5.5 ±0.2

†Mean ± SD.
‡Median [interquartile range].
§Mean ± SE.
Values are presented as numbers (percentages) unless specified.
ACQ, Asthma Control Questionnaire; BMI, bodymass index; FEV1, forced expiratory volume in 1 s; FEV1%, FEV1 expressed as a percentage

of the predicted value; FEV6, forced expiratory volume in 6 s; ICS, inhaled corticosteroid; LABA, long-acting beta agonist; mAQLQ,mini-Asthma
Quality-of-life Questionnaire; SABA, short-acting beta agonist; SD, standard deviation; SE, standard error.
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(82% vs 58%, P = 0.03). Compared with the control
group, MASTERY group also had more participants
with a clinically significant (i.e. change in scores
greater than the MCID) improvement in ACQ
(39% vs 19%; P = 0.07) and mAQLQ scores (36% vs
19%; P = 0.12), but the differences were not statisti-
cally significant.
At 6months, the MASTERY group self-reported

fewer asthma symptoms requiring a reliever in
the previous 3months (MASTERY [n = 1] vs
control [n = 18], P< 0.01). Only one control
participant had an unscheduled health visit rela-
ted to asthma. One participant from the MAS-
TERY and two from the control group were

prescribed an oral corticosteroid. One participant
in each group reported days off work/study
related to asthma.
The perinatal outcomes including neonatal

outcomes, delivery data and complications at
the end of the study were similar in both groups
(Table 3). Differences between the groups in nor-
mal vaginal delivery (MASTERY = 58%, usual
care = 47%; P = 0.39) and emergency caesarean
(MASTERY = 12%, usual care = 17%; P = 0.74) did
not reach statistical significance. No significant
differences in neonatal outcomes or pregnancy
complications were observed between the
groups.

Table 2 Mean (±SE) change of ACQ, mAQLQ score and lung function from baseline to 3 and 6months and the difference in
mean change between groups adjusted for baseline

Change within group
Difference between groups adjusted for

baseline

Change in outcome
MASTERY group

(n=33)
Usual care group

(n=36) Mean difference 95% CI P-value

ACQ
3months �0.01 ±0.11 0.16 ±0.09 �0.17±0.14 �0.45 to 0.12 0.26
6months �0.30 ±0.11 0.06 ±0.10 �0.36±0.15 �0.66 to -0.07 0.02*

mAQLQ
3months 0.09 ±0.14 �0.17 ±0.13 0.27±0.19 �0.09 to 0.64 0.15
6months 0.51 ±0.16 �0.22 ±0.15 0.72±0.22 0.29 to 1.16 0.002*

FEV1

3months 0.12 ±0.05 0.08 ±0.05 �0.03±0.06 �0.16 to 0.09 0.63
6months 0.11 ±0.06 0.07 ±0.05 �0.04±0.08 �0.19 to 0.11 0.57

FEV1%
3months 6.04 ±1.69 1.75 ±1.57 �4.29±2.32 �8.84 to 0.25 0.07
6months 4.27 ±1.86 1.54 ±1.72 �2.72±2.54 �7.71 to 2.27 0.29

FEV1/FEV6

3months 3.43 ±1.17 0.14 ±1.09 �3.29±1.61 �6.44 to 0.14 0.05
6months 1.53 ±1.07 �0.56 ±0.98 �2.08±1.46 �4.94 to 0.78 0.16

Values are presented as mean ± SE. Decreased (negative) ACQ score suggests that asthma control improved from baseline. Increased (posi-
tive) mAQLQ score suggests that QoL improved from baseline.

ACQ,AsthmaControlQuestionnaire; CI, confidence interval; FEV1, forced expiratory volume in1 s; FEV1%, FEV1expressed as apercentageof the
predicted value; FEV6, forced expiratory volume in 6 s; mAQLQ, mini-Asthma Quality-of-life Questionnaire; QoL, quality of life; SE, standard error.

*p ≤ 0.05.

Figure 2 (a) Changes in Asthma
Control Questionnaire (ACQ)
scores and (b) changes in mini-
Asthma Quality-of-life
Questionnaire (mAQLQ) scores.
Data are expressed as mean
± standard error. ( ) Control (usual
care group) and ( ) intervention
(MASTERY group).
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DISCUSSION

A telehealth intervention supported by a mobile appli-
cation, self-monitoring device and use of an individu-
alized WAAP improved self-management of asthma
in pregnancy. Change in asthma control was statisti-
cally significant in the MASTERY (telehealth) group at
6months, but the mean change in ACQ score failed
to reach the MCID. At 6months, better asthma-related
quality of life and fewer self-reported exacerbations
were observed in the MASTERY group; however,
changes in lung function between groups were not sig-
nificant. This study also established the role of WAAP-
guided self-management in optimizing asthma control
in pregnancy. Assessing asthma symptoms, monitor-
ing lung function regularly and establishing individual
WAAP are components of asthma self-management
according to Global Initiative for Asthma and NAC.3,25

Because pregnancy may alter the severity of asthma
unpredictably,26 pregnant women with asthma should

be encouraged to have self-management plans with
close monitoring of asthma symptoms/control to
prevent exacerbations during pregnancy.

A Cochrane Review of self-management education
and regular practitioner review have found that moni-
toring asthma severity and the use of WAAP could
reduce the frequency of asthma exacerbations, opti-
mize asthma medication use and decrease the cost of
asthma management.10 Monitoring asthma regularly
using objective measures of lung function (FEV1) and
asthma symptoms could improve asthma control and
reduce exacerbations during pregnancy.27 Lim et al.22

showed that multidisciplinary care involving educa-
tion and regular monitoring in pregnant women with
asthma could improve maternal asthma outcomes.
Our study adds further knowledge and highlights the
potential role of telemonitoring of asthma in preg-
nancy. Automated feedback based on an individual-
ized WAAP may identify worsening asthma control
and prompt appropriate intervention, potentially
preventing further deterioration of asthma control
without direct involvement of any health professional.
However, compared with the control group, the inter-
vention group may have had additional beneficial
effects from the personalized WAAP that was provided
as part of the intervention.

The effect of combined mobile phone and web
application/software on asthma control in adults was
examined by Liu et al.14 and Ryan et al.15 The interven-
tion groups had interactive software applications
installed on participants’ mobile phones, which
allowed recording of lung function (FEV1) daily and
asthma symptoms. Control groups were provided with
a written asthma diary and WAAP. Liu et al.14 found
that at 6months, the intervention group had better
lung function and quality of life, fewer exacerbations
and unplanned visits than the control group. However
Ryan et al.15 did not find any significant difference in
outcomes between the study groups. Our trial included
a much younger pregnant cohort and excluded those
who were not in possession of or have not used a
‘smart’ mobile phone. Differences in participant char-
acteristics (pregnant women vs ≥12years) and the
study settings (maternity hospitals vs primary care
clinics) might explain the differences in outcomes
between our study and Ryan et al.17 Additionally, our
usual care was less intensive than that of Liu et al.14

and Ryan et al.,15 and it is possible that the observed
benefits in our study resulted from the enhanced
clinical care rather than the technological intervention.

Asthma self-management supported by personal-
izedWAAP reduces severe exacerbations, unscheduled
health visits and hospitalizations.28 Studies to date
have not provided a strong evidence base to guide
clinicians or policy-makers on the use of mobile
phone apps for delivering asthma self-management
programmes.29 The Breathe-easy© application en-
courages patients to manage asthma by monitoring
their symptoms and lung function regularly and
provides them with instant feedback regarding their
asthma control. As part of the Breathe-easy© algo-
rithm, we also provided individualized WAAP for
the MASTERY group. WAAP has been widely recom-
mended as a component of asthma self-management

Table 3 Perinatal outcome data and the comparison be-
tween the groups

MASTERY
group

(n=33)

Usual care
group

(n=36)

Outcome

Neonatal data
Male 16 (49) 21 (58)
Birthweight (g)† 3434±555 3447 ±547
Length (cm)† 49.9 ±2.7 50.3 ±2.3
Head circumference (cm)† 34.3 ±1.7 34.8 ±2.8
APGAR score‡

At 1min 9 [8–9] 9 [7.25–9]
At 5min 9 [9–9] 9 [9–9]

Gestational age (weeks)† 39.1 ±1.4 39.3 ±1.2
Admission to NICU or

SCN
1 (3) 2 (6)

Premature (<37weeks) 1 (3) 2 (6)
Low birthweight (<10th

centile for gestational age)
4 (12) 7 (19)

Delivery data
Mode of delivery
Vaginal delivery 19 (58) 17 (47)
Assisted delivery 4 (12) 7 (19)
Elective caesarean 6 (18) 6 (17)
Emergency caesarean 4 (12) 6 (17)

Complications
Gestational diabetes 3 (9) 6 (17)
Hypertensive disorders of

pregnancy
2 (6) 2 (6)

Post-partum haemorrhage 1 (3) 2 (6)
Macrosomia 2 (6) 5 (14)
IUGR 1 (3) 0 (0)

†Mean ± SD.
‡Median [interquartile range].
Values are presented as numbers (percentages) unless specified.
APGAR, activity pulse grimace appearance respiration; IUGR,

intra-uterine growth restrictions; NICU, neonatal intensive care unit;
SCN, special care nursery; SD, standard deviation.

872 E Zairina et al

Respirology (2016) 21, 867–874 © 2016 Asian Pacific Society of Respirology



rather than stand-alone intervention.10,30 This study
showed the importance of having an individualized
WAAP as part of a self-management programme for
every person with asthma; however, a close collabora-
tion between patients and their health-care profes-
sionals and feedback are required for full benefits.31,32

Our study had some strengths and limitations. This
was the first study to investigate the role of telehealth
for supporting asthma management in pregnant
women. It was carried out in the antenatal clinics of
two large maternity hospitals and included partici-
pants from a range of sociodemographic backgrounds
and asthma severity. It was not possible tomask the in-
tervention, which may have caused potential respon-
dent bias; however, we minimized bias by using
objective assessments including spirometry (FEV1 and
FEV6) and standardized questionnaires for the 3 and
6months follow-ups. Exacerbations self-reported by
participants might have been mild/moderate exacer-
bations, but no information on the amount of relievers
used was collected. However, outcome assessments
were performed by trained research assistants masked
to group allocation.
The intervention was not suitable for patients with

visual/hearing impairment and those unable to operate
a smart mobile phone. Women’s adherence to the ad-
vice provided through the appwas not assessed. It is un-
known to what extent general practitioners were
involved inmonitoring their patients’ asthma. Theplace
of mobile technology in clinical care might depend on
whether it is cost effective for enhancing ‘usual care’ to
the standards recommended by guidelines. The study
was not powered to assess the cost-effectiveness of the
MASTERY intervention compared with usual care in
the study clinics. Further studies evaluating patient ad-
herence to feedback provided through the app, com-
parative assessments of the telehealth intervention
and WAAP against usual care, and cost-effectiveness
analyses of telehealth interventions are warranted.
In summary, a telehealth intervention was shown to

be feasible for monitoring asthma in pregnant women.
The effects of Breathe-easy© application on asthma
control, asthma-related quality of life and exacerba-
tions should be evaluated in larger studies, other pop-
ulations with asthma and those with other chronic
respiratory conditions such as COPD.
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