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To whom it may concern,

For over 15 years my team has been developing and evaluating personal health promotion
interventions delivered via the Internet and telephone. Our primary aim has always been to reach
the most people using the most efficient and effective means possible. This allows our work to
have the greatest impact on peoples’ health at the lowest cost. Our research has evolved with the
changing tide of new communication technologies, and as such we have devoted the last seven
years to systematically develop and evaluate health promotion initiatives delivered by mobile
telephone, in particular, text messaging.

Mobile telephone text messaging is the future of health promotion interventions
e There are over 21 million mobile phone subscriptions in Australia !
e Over 25% of mobile telephone users have no fixed line service 2
e Low income homes rely on mobile phone connectivity, as do people who frequently
change address 3
e Three quarters (73%) of mobile phone owners send and receive text-messages 4
e The reach (scalability) of text message interventions is immense and cost effective °

Research consistently demonstrates text-message interventions work
e Qualitative reviews and Meta-analyses consistently conclude that text-message
interventions work *°
e We have demonstrated 20% increase in physical activity guideline compliance following a
text-message intervention ’

Text message interventions are more cost effective than traditional telephone interventions

e Our 2012 Queensland-based research has demonstrated that a 12-week text-message
intervention targeting physical activity costs just $31 per person. Modeling the observed
improvements in health and reductions in health service use resulted in a cost-
effectiveness ratio of $8,608 per quality adjusted life year (QALY) >, which is far below the
estimated willingness to pay for an additional QALY in Australia of 64,000 AUD 2.

e Our earlier trial conducted in 2008 involving telephone counselling via land line telephones
was estimated to cost $570 per person over 12 months, with a cost-effectiveness ratio of
$29,375 per QALY 2.

MobileMums: an effective text message intervention ready for dissemination across
Queensland

Our group has systematically developed an effective evidence-based, theory guided text message
intervention that assists people to increase their physical activity. The intervention was developed
in consultation with end-users and with Queensland Health’s Health Practitioner staff.  *°
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Briefly, MobileMums is a 12-week intervention initiated with a face-to-face consultation with a
behavioural counsellor where; a physical activity goal is set, data for personalising and tailoring
subsequent text-messages are collected and a personal MobileMums support person is identified.
Clients then receive four to five personally tailored text messages each week via a custom
designed automated software program.

We have only recently completed an NHMRC funded randomized controlled trial 1 and reported
on the interventions efficacy ’ and cost-effectiveness. >

We found that our text-message delivered physical activity intervention was;

o feasible to deliver and acceptable to end users ’
e effective in increasing users physical activity, with an average improvement of 48.5min/wk ’
e cost effective, it costs just $31 per person to implement and provides better ‘bang for

buck’ than many other interventions currently provided >

The potential for further developing and integrating MobileMums within Queensland Health
systems and other virtual operations is vast. My team is keen to work towards Queensland-wide
dissemination and evaluation.

| have included the manuscripts written by my team for additional information if required. Please
do not hesitate to contact me if you require any further information.

Kind regards

I

Alison L. Marshall, PhD.
On Behalf of

Alison Marshall, PhD, Brianna Fjeldsoe, PhD, Yvette Miller, PhD, Ed Burn, MSc, Ashleigh
Armanasco, MIPH, Nicholas Graves, PhD, and Adrian Barnett, PhD.
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ABSTRACT

Objectives: To determine the cost-effectiveness of the
MobileMums intervention. MobileMums is a 12-week
programme which assists mothers with young children
to be more physically active, primarily through the use
of personalised SMS text-messages.

Design: A cost-effectiveness analysis using a Markov
model to estimate and compare the costs and
consequences of MobileMums and usual care.
Setting: This study considers the cost-effectiveness of
MobifeMums in Queensland, Australia.

Participants: A hypothetical cohort of over 36 000
women with a child under 1 year old is considered.
These women are expected to be eligible and willing
to participate in the intervention in Queensland,
Australia.

Data sources: The model was informed by the
effectiveness results from a 8-month two-arm
community-based randomised controlled trial
undertaken in 2011 and registered retrospectively
with the Australian Clinical Trials Registry
(ACTRN12611000481976). Baseline characteristics for
the model cohort, treatment effects and resource
utilisation were all informed by this trial.

Main outcome measures: The incremental cost per
quality-adjusted life year (QALY) of MobileMums
compared with usual care.

Results: The intervention is estimated to lead to an
increase of 131 QALYs for an additional cost to the
health system of 1.1 million Australian dollars (AUD).
The expected incremental cost-effectiveness ratio for
MobileMums is 8608 AUD per QALY gained.
MobileMums has a 98% probability of being cost-
effective at a cost-effectiveness threshold of 64 000
AUD. Varying modelling assumptions has little effect
on this result.

Conclusions: At a cost-effectiveness threshold of

64 000 AUD, MobileMums would likely be a cost-
effective use of healthcare resources in Queensland,
Australia.

Australian Clinical Trials Registry:

Strengths and limitations of this study

= The analysis is informed by the results from a
recent two-arm randomised controlled trial of
MobifeMums and usual care.

= Uncertainty around the costs and consequences
of MobileMums and usual care has been quanti-
fied and has little effect on the conclusions of
the analysis.

= The model's simplicity, with physical activity
levels split into only two categories, means that
small changes in an individual’s activity would
likely not be valued.

INTRODUCTION

Physical inactivity is a leading cause of lost
years of healthy life in high-income coun-
tries, where chronic diseases are a leading
cause of mortality and morbidity.1 An insuffi-
cient level of physical activity, defined as less
than 30 min of moderateintensity to
vigorous-intensity physical activity on at least
b days a week, is directly associated with a
number of diseases including coronary heart
disease, type 2 diabetes, breast cancer and
colon cancer.? Physical inactivity is also indir
ectly linked to the negative health conse-
quences of high body mass and high blood
pressure, which include many of the afore-
mentioned chronic conditions.’

Fiftyseven per cent of Australia’s adult
population were insufficiently active in 2011-
2012.% Begg et al' estimate that 6.6% of the
total disease burden in Australia is caused by
physical inactivity, explaining around 24% of
cardiovascular disease and diabetes, and
around 6% of all cancers. Based on these
results, Cadilhac et af’ estimate that each year

Edward Burn; (ACTRN12611000481976). insufficient physical activity causes 45 000
ea.bum@qut.edu.au new cases of disease which are associated
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with a loss of 174 000 disability-adjusted life-years in
Australia. Inequalities in activity levels exist, with inactiv-
ity more likely in older people, those of lower socio-
economic status, those outside of major cities and
women.® Indeed, women with young children are more
likely to be physically inactive than both women with no
children” ® and women with older children,” '* and it is
this group who are the focus of the MobileMums inter-
vention evaluated here.

The MobileMums programme is a 12-week intervention
designed to assist women with young children increase
their physical activity. The intervention’s development
has previously been discussed.!! MobileMums is initiated
with a face-toface consultation between the participant
and a trained behavioural counsellor. The consultation
is used to establish rapport between the participant and
counsellor, to gather information required to tailor and
personalise text-message content and to initiate the
process of behaviour change through personalised goal
setting.” Participants receive five text-messages per week
during weeks 1-4 of the intervention and four text-
messages per week during weeks 5-12. The messages are
personalised based on the participant’s name, the name
of their counsellor, the participant’s goals and their
expected rewards and outcomes for achieving these
goals. In addition to receiving the text-messages, partici-
pants also have access to a programme handbook, an
online exercise directory and a Facebook group. They
also receive a refrigerator magnet for selfmonitoring
and standard information brochures on physical activity.
As well as requiring behavioural counsellors, delivering
the intervention requires programme coordinators to
manage the counsellors, assign participants to a counsel-
lor, oversee the text-messages being sent and received,
and to organise sending other programme materials to
participants.

In Australia health resources are generally allocated
on a state or territory basis'® and so a decision on
whether to fund MobileMums would be made by individ-
ual states or territories. The alternative course of action
would be to provide usual care. The purpose of this
paper is to consider this decision of whether to provide
MobileMums or usual care from the perspective of
Queensland Health, the government department
responsible for managing the public health system in
Queensland, Australia.

It is assumed that the overarching objective of
Queensland Health is to maximise population health
subject to their budget. This, therefore, supports the
need for an economic evaluation of MobileMums to con-
sider the intervention’s value for money. While this
evaluation is specific to the funding decision faced by
Queensland Health, it can be expected that the results
reported will be directly applicable to similar decisions
in other Australian states and territories. The generalis-
ability of the results to other high-income countries may
be more limited, for example because of differences in
the volume and cost of resource use between

countries,' but the results are likely to be of relevance
for all countries experiencing high levels of physical
inactivity.

METHODS

Study population

It is expected that MobileMums would be offered to all
women with children under 1 year old in Queensland,
Australia, regardless of their current level of physical
activity. With 61 020 women giving birth in Queensland
in 2010 and with 413 fetal deaths,'* the number of
women eligible for the intervention in 2011 was 60 607.
We expect around 60% of women who were offered the
intervention would participate. This is based on the ran-
domised control trial conducted in 2011,'° '® where of
the 511 women assessed for eligibility 306 started the
baseline assessment. This gives 36364 women in
Queensland who would be eligible and willing to partici-
pate in the MobileMums intervention in 2011, and this is
the baseline cohort size considered for this study. This
participation estimate of 60% is likely conservative, as
the programme would not include the time-consuming
assessments that were undertaken purely for research
purposes. Given the uncertainty around this estimate, we
consider the effects of reducing this cohort size by 50%
to 18 182 women, and increasing it by 50% to 54 546
women.

Modelling health outcomes and costs

A state-based Markov model provides the framework for
this analysis and is used to estimate the costs and conse-
quences associated with MobileMums and usual care. The
development of the model has been informed by the
effectiveness results from a 9month two-arm
community-based randomised controlled trial under-
taken in 2011.'> A total of 263 women from around
Caboolture, Queensland, received usual care (n=130) or
the MobileMums intervention (n=133).'°® Data were col-
lected prior to the intervention being received (time 1
—T1: 0O months), after the 12-week MobileMums pro-
gramme was completed (T2: 3 months) and again after
a further 6 month no-contact maintenance period (T3:
9 months). Owing to an administrative error the trial
was registered retrospectively with the Australian Clinical
Trials Registry (ACTRN12611000481976) and 26 of the
trial participants were already receiving MobileMums or
usual care by the time of registration. However, none of
these participants had passed T2 when the trial was
registered.

The main efficacy findings from the trial have been
reported in detail by Fjeldsoe e al’® Briefly, while the
intervention had a large and statistically significant bene-
ficial effect on activity levels between T1 and T2, there
was no statistically significant effect at T3, although the
estimated increase in activity remained positive. These
results suggest that MobileMums can only be expected to
have an effect on activity levels in the short-term. Under

Burn E, et al. BMJ Open 2015;5:2007226. doi:10.1136/bmjopen-2014-007226
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the assumption that only long-term changes in activity
levels affect the risk of an individual developing future
chronic health conditions, the time horizon of the
model used is 2 years.

There are just two states in the model with participants
either ‘physically inactive’ or ‘physically active’, and an
individual is required to be undertaking 30 min of
moderate-intensity to vigorous-intensity physical activity
on at least 5days a week to be classified as active. An
effective physical inactivity intervention increases the
likelihood that inactive individuals become active
(tpImprove) and/or reduces the likelihood that active
individuals become inactive (tpRegress). Individuals
move between states using monthly cycles, and spending
a month as active or inactive has a cost and health
outcome associated with it (described below). An
outline of the model is shown in figure 1.

Health effects

To estimate the value for money of MobileMums, health
effects are expressed in terms of quality-adjusted life-
years (QALYs). Given the design of the model used,
MobileMums can only affect health-related quality-of life,
with  no mortality effects. The health-related
quality-of-life associated with being physically active or
inactive was estimated from participants’ responses to
SF-12 questionnaires at T1, T2 and T3. Mean imputation
was used for missing questionnaire data at each time
period (1% of participants at T1, 13% at T2, and 32% at
T3). Two errors were made in the printing of the SF-12
questionnaires. First, at T1 one question from the SF-12
was omitted in error, and so scores were randomly gen-
erated for this dimension. Second, one of the questions
offered one too many potential responses at all time
periods, and so those who selected this superfluous
response were evenly split and moved into either the
next best or next worst choice.

Questionnaire responses were transformed into the
EQ5D, a standardised measure of health outcomes,
using an algorithm provided by Gray et al'” which pro-
vides utility scores close to group means, especially for
individuals not in poor health. This approach generates
health-related quality-of-ife scores associated with spend-
ing a year as physically active or inactive which could
range between 0 (equivalent to death) and 1 (equivalent
to perfect health). Monthly scores were simply
one-twelfth of this. QALYs and costs in the second year

1-tplmprove 1-tpRegress
tplmprove
Physically |\ ~~ "7 Physically
inactive [ ------ active
tpRegress

Figure 1 Outline of the Markov model used to estimate the
costs and effects of MobileMums and usual care.

were discounted at 5% relevant

g’uide]jnes..18 13

following the

Costing perspective

This study is intended to inform decision-making regard-
ing resource allocation across the health system in
Queensland. Consequently, a health system perspective
is taken, with only the costs borne by the health system
included.?® While costs falling outside of the health
system, such as the cost to participants of purchasing
goods or services related to undertaking exercise, may
be of interest, they are not are not of direct relevance
given the perspective taken here and so have been
excluded. All costs reported have been inflated to 2014
Australian dollars (AUD) and any costs accruing in the
second year of the model have been discounted at 5%
in line with guidelines for submission to the Medical
Services Advisory Committee'® and the Pharmaceutical
Benefits Advisory Committee!? in Australia.

The estimated cost of providing MobileMums across
Queensland is based on the costs of delivering the inter-
vention in the randomised controlled trial.!® To extrapo-
late these costs, assumptions have been required
concerning number of behavioural counsellors and pro-
gramme coordinators required for widespread dissemin-
ation. It is assumed that counsellors could be assigned
to 30 participants per week, while coordinators could
cover five counsellors and their participants per week.
Counsellors and coordinators are assumed to be health
practitioners with, on average, 2 years in their current
role and, in terms of Queensland Health’s salary scale,?!
paid at a HP3 (6092 AUD per month) and a HP4 (8150
AUD per month) level, respectively. The costs of devel-
oping the computer programme to send text-messages,
sending the text- messages and providing other pro-
gramme materials are assumed to be the same as in the
trial.

In addition to the costs of delivering the intervention,
the costs relating to participants healthcare use have also
been incorporated. If the intervention reduces future
healthcare use then the cost saving associated will coun-
terbalance the «cost of providing MobileMums.
Participants’ reported their use of healthcare services at
T1, T2 and T3 and the average use of those who were
physically active and inactive were estimated. As with the
SF-12, mean imputation was used for missing data (0%
of participants at T1, 12% at T2, and 31% at T3). The
associated costs were estimated using the Medicare
Benefits Schedule for July 2011?% and Australian hospital
statistics.?®

Expected effects

The purpose of this evaluation is to estimate the
expected value for money of the MobileMums interven-
tion, which is indicated by the incremental cost-
effectiveness ratio (ICER) for MobileMums. This ratio is
given by the expected (mean) change in costs associated
with the intervention divided by the expected change in

Burn E, et al BMJ Open 2015;5:2007226. doi:10.1136/bmjopen-2014-007226
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QALYs.** This ratio can then be compared against a cost-
effectiveness threshold. The threshold used is 64 000
AUD which is based on the estimate by Shiroiwa et af®
of the willingness-to-pay for an additional QALY in
Australia. If the cost-effectiveness ratio for MobileMums
falls below 64 000 AUD then the intervention can be
expected to be ‘cost-effective’.

Uncertainty
Parameter uncertainty was quantified using Monte Carlo
simulations, with the model evaluated 10 000 times, with
each simulation involving random draws from each par-
ameter distribution. These distributions are based on
the trial data, with transition probabilities and QALYs
given beta distributions, while healthcare utilisation and
its associated costs assigned y distributions and uniform
distributions, respectively. This produces 10 000 pairs of
incremental costs and effects, and these are presented
on a cost-effectiveness plane along with the expected
costs and effects and the costeffectiveness threshold.
The probability that MobileMums is cost-effective is given
by the proportion of pairs of incremental costs and ben-
efits at which the intervention would be considered cost-
effective. The percentage of pairs where the change in
QALYs is positive and the change in costs is negative is
equal to the probability that MobileMums is cost-saving. It
is also possible to estimate credible intervals around the
expected change in costs and QALYs by taking percen-
tiles of the costs and QALYs produced in the Monte
Carlo analysis.®

Uncertainty also exists surrounding the modelling
assumptions. In particular, three areas stand out for par-
ticularly onerous assumptions: transition probabilities
after 9 months (T3), the number of programme coun-
sellors and coordinators required, and the number of
women who would be eligible and willing to participate
in the trial. The assumptions used for these areas are
the subject of scenario analyses. First, the model is reas-
sessed under the assumption that after T3 all pro-
gramme activity effects are mitigated entirely, and then
again under the assumption that the estimated treat-
ment effect observed at T3 is maintained for a further
15 months, at which point the treatment effect is entirely
mitigated. Second, the number of counsellors and coor-
dinators required is increased by 50% and reduced by
50%. And lastly, increasing the cohort size by 50% and
reducing it by 50% is considered.

RESULTS

Average effects

The input variables are detailed in table 1. Around 70%
of the women entering the model at T1 are expected to
be physically inactive. Under usual care there is a small
and gradual expected positive net movement from
inactive to active over time, and after 24 months around
35% of the initial cohort are expected to be in the
active state. The expected effect of MobileMums is to

Table 1 Input variables for the Markov model

Mean SE  Distribution
Probability of being 071 0.03 B
inactive at T1

Probability of moving from inactive to active (tpimprove)

Usual Care (T1 to T2) 020 0.04 p
MobileMums (T1toT2) 035 0.05 p
Usual Care (T2 to T3) 0.14 0.04 B
MobileMums (T2to T3) 026 005 B
Probability of moving from active to inactive (tpRegress)
Usual Care (T1to T2) 043 008 p
MobileMums (T1toT2) 0.18 0.06 P
Usual Care (T2to T3) 0.33 0.07 B
MobileMums (T2t0 T3) 045 006 B

Monthly healthcare utilisation costs (2014 AUD per

participant)
Physically active
Physically inactive

53.30 39.20 Uniform and y*
75.40 32.62 Uniform and y*

Cost of delivering 62.64 13.08 Uniform
MobileMums (2014 AUD per participant)
EQ5D score
Inactive 078 001 B
Active 081 001 B
*A uniform distribution for healthcare costs and a gamma
distribution for healthcare utilisation.

AUD, Australian dollar.

cause a substantial increase in physical activity over the
duration of the 12-week intervention, with 50% of the
participants expected to be in the active state at T2.
Following the intervention gradual reduction in the pro-
portion of active participants each month is expected,
until after 16 months whereby the effect of MobileMums
has been mitigated entirely. These expected changes in
activity levels are presented in figure 2.

Time spent in the active state is expected to provide
slightly higher utility than time spent in the inactive
state, with a year spent as physically active associated
with a health-related quality-of-life score of 0.81 com-
pared with 0.78 for a year spent as physically inactive. As
MobileMums is expected to increase the total number of
months spent by the cohort in the active state, the inter-
vention can therefore also be expected to improve
health-related quality-of-life. Over 24 months,
MobileMums is estimated to lead to an increase of 131
QALYs across the cohort of 36 364 women or, equiva-
lently, 0.0036 QALYs per person.

The expected cost of delivering MobileMums to the
cohort is 2 277950 AUD, or 63 AUD per person. The
breakdown for this cost is shown in table 2. Almost half
the cost is due to the behavioural counsellors. While
there are significant costs associated with setting up the
programme, such as the development of a computer pro-
gramme to send personalised text-messages, these costs
are of little consequence with a cohort of 36 364 women.

Based on data from the trial it is estimated that active
individuals cost the health system 53 AUD a month on
average, while inactive individuals cost 75 AUD per

4
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Figure 2 The expected (mean)
effect of MobileMums on activity
levels.

50% -

Proportion of
cohort who
are physically
active

30%

20%

10% -

0% -

month. As MobileMums reduces the average number of
months spent in the inactive state, the cost of delivering
the intervention is partly offset by an expected reduction
in these healthcare costs. As a result, the total expected
incremental cost to the health system from introducing
MobileMums is 1124 209 million AUD, or 31 AUD per
person.

With an expected (mean) incremental cost of
1124 209 million AUD and an incremental improve-
ment in health outcomes of 130 QALYs, the cost-
effectiveness ratio for MobileMums is approximately 8608
AUD per QALY. At a cost-effectiveness threshold of
64 000 AUD, the intervention can therefore be expected
to be cost-effective.

Unceriainty

The pairs of incremental costs and consequences pro-
duced by the Monte Carlo simulation are shown in
figure 3. MobileMums has a 98% probability of being

Table 2 Estimated costs of delivering MobileMums in
Queensland, Australia, in 2014 AUD

Cost per
Total cost participant
(AUD) (AUD)
Development of the 14204 0.39
computer programme for
sending automated
text-messages
Sending text-messages 620 999 17.08
Providing additional 621 388 17.08
programme materials
Behavioural counsellors (24 required)
Salaries 438628 12.06
Equipment 36 231 0.99
Travel costs 388 368 10.68
Programme coordinators (5 required)
Salaries 122248 3.36
Office costs 35885 0.98
Total 2277 950 62.64

AUD, Australian dollar.

0
T1

e 52l Care s 0 bl MU mMS

-
-
-

12 3 45 6 7 8 0101112131415 16 17 18 19 20 21 22 23 24
T2 13

Time since intervention (months)

costeffective at a threshold of 64000 AUD (98% of
simulations are below the sloped threshold line). The
intervention has around a 19% probability of being cost-
saving and health-improving (19% of simulations are in
the south-east quadrant).

The results from the scenario analyses are presented
in table 3. None of the changes in assumptions had any
substantial effect on the probability that MobileMums is
costeffective at a threshold of 64000 AUD, which
remained over 95% under all scenarios. Changes in the
assumption surrounding the maintenance of changes in
activity levels into the future did, however, have a sub-
stantial effect on the probability that MobileMums is cost
saving. If changes were entirely mitigated after 9 months
(T3) then the intervention would only have a 1%
chance of being cost-saving, while if the observed differ-
ence in activity levels at T3 was maintained for up to
24 months MobileMums would have a 39% probability of
being cost-saving.

DISCUSSION

Principal findings

The results from this study suggest the MobileMums inter-
vention would be a cost-effective use of health resources
in Queensland, Australia. While the expected health
benefits of the intervention are modest, with an average
health improvement of only 0.0036 additional QALYs,
the cost of the intervention, after taking into account
reduced healthcare utilisation, is low at just 31 AUD per
person. Consequently, the expected cost-effectiveness
ratio is 8608 AUD per QALY, which is far below the esti-
mated willingness to pay for an additional QALY in
Australia of 64 000 AUD.® Neither parameter nor model-
ling uncertainty have a substantial effect on this
conclusion.

Study strengths and limitations

This study has been largely informed by the results of a
recent 9-month randomised controlled trial. By using a
decision-analytic model, it was possible to extrapolate
these findings to consider the costs and consequences of

Burn E, et al BMJ Open 2015;5:2007226. doi:10.1136/bmjopen-2014-007226
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Figure 3 Cost-effectiveness

plane for MobileMums versus 6
usual care with 1000 sets of
incremental costs and effects 4

randomly drawn from the 10 000
Monte Carlo simulations along

with the expected (mean) 0
incremental costs and effects and

A Costs

a cost-effectiveness threshold of (millions)
64 000 AUD. AUD, Australian 4
dollars; ICER, incremental
cost-effectiveness ratio; QALY, -6
quality-adjusted life year. o

-10

-500

MobileMums if it were offered in practice to a large
cohort of women and to account for expected costs and
consequences beyond the trial’s time horizon. Although
several assumptions underpin this approach, they were
subjected to sensitivity analyses which have shown them
to have little effect on the overall conclusion that the
intervention is likely cost-effective.

With the effect of MobileMums on activity levels
expected to last for less than 2 years, and under the con-
servative assumption that only longerterm changes in
activity will affect the risk of an individual developing
future chronic health conditions, the model used is only
required to have a shorttime horizon. However, if
MobileMums does prompt some long-term improvements

Monte Carlo simulations

¢ Expected (mean) ICER ——64,000 AUD threshold

0 500 1000

4 QALYs

1500 2000

in physical activity then the benefits of the intervention
will be understated. In addition, while the simplicity of
the model used has advantages, particularly for ease of
exposition, there are limitations. In particular, only
those changes in activity enough to move participants
between the two states of the model are captured, with
any changes of activity levels within a state overlooked.

Comparison with other studies

While a number of economic evaluations of physical
activity interventions have been undertaken, there is sig-
nificant methodological heterogeneity making direct
comparisons difficult in many cases. Of those studies
which use a similar methodology, that is, using a

Table 3 Results from the scenario analyses which examine whether the intervention remains cost-effective for a range of

assumptions
Mean change (95% credible interval) caused by Probability
MobileMums MobileMums is
Expected Cost- Cost-
(mean) effective saving
Scenario Total costs (AUD) QALYs ICER (%)* (%)
Base case 1124209 (1102044 to 1 146374) 131 (12610 135) 8608 98 19
Changes in activity levels entirely 1363736(1363736to 1372716 103 (102to 105) 13 186 97 1
mitigated at 9 months (T3)
Changes in activity levels 240173 (217 066 to 263 281) 232 (227 t0 236) 1037 97 39
maintained from 9 months to 24
months
Number of counsellors and 1456518 (1434365to 1 478670) 131 (126 to 135) 11 152 98 15
coordinators required increased
by 50%
Number of counsellors and 823 527 (802 374 to 844 680) 130 (127 to 134) 6306 98 24
coordinators required reduced
by 50%
Cohort size increased by 50% to 1643613 (161028210 1676943) 196 (190t0202) 8390 98 20
54 546 women
Cohort size reduced by 50% to 585 020 (574 005 to 596 035) 65 (63 to 67) 8959 98 17
18 182
*At a threshold of 64 000 AUD.

AUD, Australian dollars; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
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decision-analytic model as a framework for analysis with
the cost per quality-adjusted (or disability-adjusted) life-
year estimated, many of the interventions are found to
be cost-effective. For example, the ‘green prescription’
programme in New Zealand is found to have an incre-
mental cost of 3000 AUD per QALY®” while Cobiac
et af® found a pedometer intervention in Australia to be
cost-saving and an internet-based intervention to have
an incremental cost of 4000 AUD per QALY. However,
the cost-effectiveness of such physical activity interven-
tion is by no means guaranteed. Cobiac ¢ alf® find that
a referral to exercise scheme has an incremental cost of
100 000 AUD per QALY, while a 8-week social support
programme was found by Roux et af® to have an incre-
mental cost of 95 000 AUD per QALY.

Interestingly, while these other studies typically
assumed that the benefit from physical activity interven-
tions was only through reducing the incidence of future
chronic diseases, this study demonstrates that they are
also likely to produce an immediate improvement in
health-related quality-of-life. Active participants in the
trial of MobileMums reported higher health-related
quality-of-life than those who were physically inactive, so
that MobileMums is expected to be cost-effective even
without any long-term changes in activity levels. With
this immediate improvement in quality-of-life missed in
most analyses of physical activity interventions, these
studies may well have underestimated the full benefits
from effective physical activity interventions.

Policy implications

Health prevention programmes in Queensland, and
across Australia, have recently been going through a
period of disinvestment. However, if the goal of the
health system is to maximise health outcomes then there
seems little reason for prevention health interventions
to be treated any differently to a curative intervention.
While the MobileMums intervention can only be
expected to provide a modest improvement in
health-related quality of life for the average participant,
it does provide a meaningful improvement in terms of
population health. Healthcare resources should be
directed to those uses which provide best value for
money, that is, the greatest improvement in health out-
comes for a given level of cost. Given the relatively low
cost of delivering MobileMums, the intervention can be
expected to provide good value for money and is likely a
cost-effective use of healthcare resources given the esti-
mated willingnessto-pay for an additional QALY in
Australia.

Providing the intervention across Australia can be
expected to provide a similar level of value for money.
Levels of physical inactivity are similar across Australia®
and costs, such as those associated with the counsellors
and coordinators, should also be comparable. While dif-
ferences in costs make it more difficult to generalise our
results to other countries, the results of this study are
still likely to be of relevance in many high-income

countries with similarly high levels of physical inactivity.
It would seem likely that a programme such as
MobileMums would provide good value for money if pro-
vided in such countries. However, this is an area where
further research is required.

CONCLUSION

MobileMums can be expected to be a cost-effective use of
health resources in Queensland, Australia. If the object-
ive of Queensland Health is to maximise population
health outcomes given a finite budget, then MobileMums
should be freely provided.
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Abstract

messaging service (SMS).

qualitative evaluation of the refined intervention (n= 6).

controlled efficacy trial (ACTRN12611000481976).

Background: To describe the iterative development process and final version of ‘MobileMums”: a physical activity
intervention for women with young children (<5 years) delivered primarily via mobile telephone (mHealth) short

Methods: MobileMums development followed the five steps outlined in the mHealth development and evaluation
framework: 1) conceptualization (critique of literature and theory); 2) formative research (focus groups, n= 48); 3)
pre testing (qualitative pilot of intervention components, n= 12); 4) pilot testing (pilot RCT, n= 88); and, 5)

Results: Key findings identified throughout the development process that shaped the MobileMums program were
the need for: behaviour change techniques to be grounded in Social Cognitive Theory; tailored SMS content;

two way SMS interaction; rapport between SMS sender and recipient; an automated software platform to generate
and send SMS; and, flexibility in location of a face to face delivered component.

Conclusions: The final version of MobileMums is flexible and adaptive to individual participant's physical activity
goals, expectations and environment. MobileMums is being evaluated in a community based randomised

Keywords: Mabile phone, Exercise, Postnatal, mHealth, Text messaging, SMS

Background

Evidence-based advancements in health behaviour
change research require thorough and transparent
reporting of intervention development and content. Re-
cent literature has called for: 1) interventions to be
developed based on behaviour change theory, published
evidence and formative research [1,2]; and, 2) publica-
tion of the intervention development process, including
details of the final program content using standardised
descriptors and language [3-5]. To date, few authors
have reported on their intervention development meth-
ods, and published evaluations rarely provide the level of
detail required to replicate the intervention. However,
there are notable examples of authors who have

* Correspondence: alison.marshall@gutedu.au

TEqual contributors

3School of Public Health, Institute of Health and Biomedical Innovation,
Queensland University of Technology, Kelvin Grove, Queensland, Australia
Full list of author information Is available at the end of the article

( BioMed Central

provided this level of detail in publications e.g., [6-8].
These gaps in the literature limit our ability to advance
health behaviour change practice and policy [2].

There are published frameworks that guide the process
of developing health behaviour change interventions,
such as: Intervention Mapping [9], and the Medical Re-
search Council's Framework for developing and evaluat-
ing complex interventions to improve health [10]. More
recently, three frameworks have been specifically created
to guide the development of mHealth interventions
(interventions primarily delivered via mobile telephone
technology): the Multiphase Optimisation Strategy
(MOST) [11]; the Sequential Multiple Assignment Ran-
domized Trial (SMART) [11]; and, the mHealth Devel-
opment and Evaluation framework [12]. A common
theme among these frameworks is the integration of in-
formation sources to inform intervention design, includ-
ing published evidence, theory and formative research

© 2012 Fieldsoe et al,; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commaons Attribution License {http//creativecommans.oiglicenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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with the target group. The MOST and SMART frame-
works involve multiple phases of randomised trials of
separate intervention components to determine the best
combination. However, the MOST framework violates
the common assumption of many behaviour change the-
ories: that theoretical constructs (such as outcome ex-
pectancies, self-regulation etc.) are interconnected and
posited to influence behaviour when targeted in concert,
not in isolation. Furthermore, the resources and time
required to recruit participants and test intervention
components in multiple, sufficiently-powered experi-
mental trials can be prohibitive. The SMART framework
is also specific to time-varying adaptive interventions
(where intervention content is adapted over time de-
pending on participant behaviour change progress),
which was never the intention of the intervention
described in this paper. The mHealth framework is an
iterative process of refining complete mobile phone
interventions based on concurrent and sequential quan-
titative and qualitative research among the target group.
This framework maintains a strong focus on dissemin-
ation throughout the development process. For these
reasons, we have used the mHealth framework to de-
scribe the development of our intervention.

The aim of this paper is to describe the iterative devel-
opment process and final version of a physical activity
intervention designed specifically for women with young
children (<5 years). The intervention, called ‘Mobile-
Mums; is a 12-week program delivered primarily via mo-
bile telephone short messaging service (SMS). After
describing the development process using the mHealth
framework, we will describe the intervention compo-
nents necessary to adequately replicate the MobileMums
intervention [4] using the language defined in the tax-
onomy of behaviour change techniques [3] to demon-
strate how the intervention content was guided by Social
Cognitive Theory [13,14].

Page 2 of 11

Methods and results

The development of MobileMums followed the five
steps of the mHealth framework [12]: 1) conceptualisa-
tion; 2) formative research; 3) pre testing; 4) pilot test-
ing; and, 5) qualitative research for intervention
refinement. In our application of the framework, Steps 1
and 2 were conducted concurrently; after which three
iterations of the MobileMums program were tested se-
quentially through Steps 3 to 5 (Figure 1). The findings
of each step were used to refine the MobileMums pro-
gram before subjecting it to the next step in the develop-
ment and evaluation framework: consequently this paper
describes the methods and results of each step
sequentially.

Step 1 conceptualisation

MobileMums was conceptualised following a review of
existing evidence and theories of behaviour change. Epi-
demiological evidence clearly identified women with
young children as a priority group for physical activity
intervention. Women with young children are consist-
ently shown to be less active than women of the same
age without children [15,16] or women with older chil-
dren [15,17,18]. The child-rearing stage of life has also
been identified as a time when behaviours and routines
are naturally changing [19] and when women'’s behaviour
can influence that of her immediate family [19].

The review of intervention literature revealed that
most physical activity interventions targeting women
with young children used community-based pram walk-
ing groups [20-23]. Overall, the evidence that this inter-
vention approach assisted women to increase their
physical activity was equivocal and most studies reported
poor group attendance rates. Greater behaviour change
success was observed following theory-based face-to-
face (F2F) counselling interventions. However, this inter-
vention approach was resource intensive, and also

-

-

Intervention
/ refinement
Pilot RCT Automation
(n=88) of of delivery
Pilot of MobileMums ket
Foiciis MobileMums Qualitative )
. ’ content (n=12) ! : Pre-testing of
Literature groups with v refined
target group following RCT || mobileMums
Social Cognitive (n=48) (n=11) e
Theory
Step 1 Step 2 Step 3 Step 4 Step 5
Figure 1 Methods used to inform the development of MobileMums based on the five step mHealth Development and Evaluation
L framework.
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suffered low participant adherence [24-28]. Collectively,
the evidence indicated that women with young children
would benefit most from theory-based, personalised
interventions that offer flexible delivery mechanisms to
increase adherence.

Social Cognitive Theory [13,14] has been widely used
in physical activity intervention research. Constructs
from this theory have been endorsed as important for
eliciting initiation of physical activity behaviour change
in the general adult population [29] and specifically
among women with young children [25,30]. The under-
lying principle of this theory is reciprocal determinism:
the way an individual’s cognitions, environmental per-
ceptions and behaviour interact and influence each other
[13,14]. The balance of influences emphasised in this
theory were congruent with the theoretical constructs
(i.e., social support, self efficacy) found to elicit behaviour
change in the two mediator analyses previously con-
ducted on physical activity interventions among women
with young children [25,30]. This evidence led to the
apriori selection of Social Cognitive Theory as the theor-
etical foundation of MobileMums in favour of other pos-
sible health behaviour theories (e.g. Theory of Planned
Behaviour).

Step 2 formative research
In order to refine the scope of the intervention content
and regimen [12], we conducted focus groups with
women with young children to explore their perceptions
of and needs for physical activity interventions. Women
were recruited via posters and flyers displayed in general
practice clinics, Playgroup locations, the public hospital
antenatal clinic, and the public library of a community
located in Queensland, Australia. To be eligible to par-
ticipate, women had to have at least one child aged less
than 5 years, and be able to speak and understand Eng-
lish. Consistent with standard methods for conducting
qualitative research [31], recruitment continued until no
new information was collected from each new focus
group. A moderator guide was used to standardise dis-
cussion topics across groups. Each group was audio
recorded and transcribed verbatim. Transcripts were
analysed by two independent researchers (BF and AM)
and moderated by a third researcher (YM). All analysts
were experienced in conducting qualitative research.
The thematic analysis followed a systematic and iterative
process, whereby major themes and categories were
identified and used to classify data from each group,
then across the complete dataset [31]. A University
Human Research Ethics Committee approved the study.
Forty-eight women with young children (aged between
16 and 45 years) participated in one of eight focus
groups. Most participants (41/48) were married and a
third (16/48) were pregnant at the time of participating.

Page 3 of 11

One third of participants (16/48) had a weekly house-
hold income less than AUD $600 per week and one
quarter (13/48) had a Year 10 equivalent level education.
Nearly all participants were aware of the Australian
physical activity recommendations [32] for duration (i.e.,
30-minutes per day), but were less informed about the
recommended frequency (i.e., most days of the week).
Most participants understood moderate-intensity activ-
ities were sufficient for health benefit. Walking and
water-based activities were the most common activities
identified as being health-enhancing. Participants most
commonly reported a desire to do more walking, swim-
ming and gym classes. The availability of free, conveni-
ent, trustworthy childcare was revealed as the primary
perceived need for women to increase their physical ac-
tivity. Other perceived facilitators for physical activity
included opportunities to avoid heat via indoor activities
and opportunities for access to group activities, such as
mothers walking groups, to assist with motivation.

“...the best bit [about the walking groups] was just
getting to talk to other mums week after week. You
developed friendships, and they encouraged you to
come back the next week and always had something
useful to share’.

Some participants raised potential barriers to attend-
ing organised group sessions such as allocated times not
suiting their weekly schedules or their child’s disposition
on the day, finding trustworthy childcare and proximity
of a group location to their home. Women most pre-
ferred to receive informal advice about physical activity
from acquaintances (e.g., partner, female friends) that
were currently active or had a history of being active.

When discussing flexible modes of receiving support
for physical activity, participants in each group raised
the use of mobile telephones. On further probing by the
moderator it was found that all participants owned a
mobile telephone, carried them all the time and primar-
ily used them for SMS. Outgoing calls were limited to
‘emergencies’ due to high call costs and clarity of service.
Participants liked the idea of receiving personalised
health-related messages via SMS. SMS were preferred
over calls because messages could be read or responded
to at a time that was personally convenient.

“it’s [SMS] not like a phone call. . .you are probably
doing something like bathing a kid or actually busy or
something and you've got to get to the phone. With a
message you can always get to it later”

Following the findings of the focus groups, we system-
atically reviewed the available evidence on use of SMS to
deliver behaviour change interventions [33]. From this
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review, we concluded that MobileMums would need to:
deliver tailored SMS content to individuals; establish
rapport between the SMS recipient and sender; and, en-
courage two-way SMS communication. Since this review
was published in 2009 another five reviews of SMS-
delivered behaviour change interventions have been pub-
lished and corroborate the findings of our earlier review
[34-38].

Step 3 Pre testing

In this development phase the feasibility and acceptabil-
ity of the proposed SMS content, structure and fre-
quency was tested in a qualitative study design.
Participants were recruited through a local Playgroup
and were eligible if they had a child aged under 5 years,
owned a mobile telephone, were currently not meeting
physical activity guidelines, and had intentions to in-
crease their physical activity in the next 30 days. Partici-
pants provided written, informed consent and then
participated in a F2F interview to collect details relevant
for tailoring SMS content (i.e., their name, child’s name
and physical activity preferences). During the two week
test period participants were sent five MobileMums
SMS per week at random times during the day between
8 am and 6 pm. SMS were generated using manual tai-
loring processes and sent using an off-the-shelf software
package from a local telecommunication provider. This
package used Microsoft Outlook as the user interface
and did not allow for bulk sending of SMS to partici-
pants nor automated processing of incoming SMS from
participants. After two weeks, a semi-structured F2F
feedback interview was conducted, which included ques-
tions about preferred SMS frequency, timing, language
and content. To explore language-to-text translations,
participants were asked to convert a verbalised physical
activity message to an SMS they would send to a friend.
Participants were then asked to show the interviewer
their phone so that the SMS could be recorded from the
screen. The feedback interviews were audio recorded,
transcribed verbatim and thematically analysed. A Uni-
versity Human Research Ethics Committee approved the
study design.

Twelve participants aged from 17 to 39 years partici-
pated in the pre-testing. All women who consented to
participate completed the pre-testing. One quarter (3/12)
of participants had a weekly household income below
AUD $600 and for one quarter (3/12) Year 10 was their
highest level of education.

SMS frequency and timing

Participants recalled receiving between 4 and 11 SMS
over the two week period (10 were sent), and most
found the SMS frequency was acceptable. One partici-
pant noted that although the SMS were “probably a little

Page 4 of 11

bit excessive, it was still good because it doesn’t hurt to
get a text”. Another participant who reported the SMS
to be too frequent explained that she only thought this
when a “SMS was sent late afternoon one day followed
by early in the morning the next day” (i.e., based on the
break between receiving SMS rather than the frequency).

Treatment of SMS

Participants reported reading all of the SMS sent to
them. One participant indicated that occasionally she
did not read the SMS straight away but waited until a
time that suited her. Most participants stored the SMS
after reading them and discussed storing SMS so they
could refer to the details at a later stage (particularly
SMS with details of local physical activity opportunities).

SMS language

All participants reported the SMS were easy to read and
understand. When participants were instructed to write
an SMS to a friend, the resulting SMS language and con-
tent varied (see Table 1). Participants used conversational
language and tone, and used very little punctuation in
the SMS they wrote. Participants also used a wide range
of abbreviations, but common words across participants
were always abbreviated such as: you = u; to = 2; for = 4;
today = 2 day; and, Tuesday = tues. These common
abbreviations were used hereafter in MobileMums SMS
(see Table 1).

Table 1 Examples of participant’s language-to-text
translation when instructed to type a SMS to a friend
about a MobileMums-related topic

Verbal instructions to
write SMS

+ Get your friend to come to a
walking group with you. The
walking group is at Apex Park on
Tuesday at 9 am. Let them know
there is childcare too.

Exact SMS that participant
typed on her phone

« Walking group @ Apex 9 am tues
childcare for free

+ Do you want 2 join a walking
group at apex park on tues at
9am

« Hey darl can u cum ta walking
thing on Tues at 9 starts at apex

« Hi Julie, exercise helps you lose
weight and reduce stress. Wendy

- Tell your friend that exercise can
help her lose weight and reduce

her stress levels. )
« Jen u cn lose fat n stress less if u

exercs

« Kerry if u exerc u dont get fat
and stress

- Hi Jill, ask Greg to look after the
kids so we can go for a walk. Sally

- Get your friend to ask her
partner to look after the kids so

you can go for a walk together. . Go 4 walk 2 day? get gav 2 look

after kids

+ Hey | was wondering if use arnt
doing anything would brad mind
the kids while we go for a walk
and catch up.
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SMS Content

Most participants thought the SMS content was accept-
able, suggesting no changes. One participant suggested
that it would be good to let the mums know that other
mums were receiving these messages and would be
attending the local physical activity opportunities that
were promoted. Most participants stated that the SMS
content was not new to them but that it prompted them
to exercise. SMS that presented unknown information to
participants included those that: promoted new oppor-
tunities for exercise in the local area; informed of the re-
lationship between exercise and breastfeeding; and,
reminded them that incidental or household activity can
be classified as exercise, if completed at appropriate in-
tensity and durations. Participants liked the SMS that
taught them new things, but also liked being reminded
about content they already knew. It was also noted that
women used the term ‘exercise’ (rather than ‘physical ac-
tivity’) when discussing the content of the SMS and typ-
ing SMS to their friend. Our previous qualitative
research has shown that women with young children
perceive the term ‘exercise’ to represent moderate-to-
vigorous intensity physical activity [39], which is what
MobileMums aimed to promote.

The key findings from this development step, which
informed the next iteration of MobileMums, were that:
the maximum proposed frequency of 5 SMS/week was
acceptable; the SMS language was acceptable; some
abbreviations (e.g., u, 2, 4) were commonly used; the
term ‘exercise’ should be used in MobileMums content;
SMS that include details of promoted local exercise op-
portunities were likely to be stored by women for later
reference; and, some women may want to connect with
other mums who were also receiving the program.

Step 4 pilot RCT

In line with the goals of Step 4 [12], the first complete
version of MobileMums was evaluated in a pilot rando-
mised controlled trial (RCT) compared to a minimal
contact control group [40]. This first iteration of Mobile-
Mums was initiated with an individual, F2F counselling
session with a trained behavioural counsellor in a com-
munity facility. The aim of this F2F session was to build
rapport and a sense of accountability with the Mobile-
Mums counsellor, establish behavioural skills (e.g., goal
setting, self monitoring), and collect information in
order to tailor the SMS. Participants received tailored
SMS for 12 weeks (frequency 2—4 SMS/week). In addition
to these SMS, participants also received a weekly goal
check SMS that asked them to reply and indicate whether
they had reached their exercise goal or not (i.e., partici-
pants received a maximum of 5 SMS/week). Based on
the participant’s reply to this goal check SMS, they
received a tailored SMS response. Participants also
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received a telephone follow-up call with the behavioural
counsellor six weeks into the program, and support
from a self-nominated MobileMums support person (who
also received two tailored SMS each week). Throughout
the program participants had access to: information bro-
chures on physical activity; a A5 sized refrigerator magnet
designed to facilitate goal setting and self-monitoring;
and an online forum within a community-based website
to assist women to connect with one another.

Eighty-eight women (mean age 30 years +SD 6 years)
participated in the pilot RCT, which involved outcome
assessments at baseline, 6-weeks (mid-intervention) and
13-weeks (end of intervention). For a detailed descrip-
tion on this intervention evaluation see Fjeldsoe, Miller,
& Marshall (2010). Briefly, the results showed that
MobileMums produced short-term increases in the fre-
quency of self-reported moderate-to-vigorous intensity
physical activity, in the range of 1.32-1.82 days/week
[40]. We also found that short-term (baseline to 6-weeks)
changes in goal setting skills and self efficacy signifi-
cantly mediated the short-term impact of MobileMums
on moderate-to-vigorous intensity physical activity [41].
Process evaluation with 34 women who received the
MobileMums program indicated that the women regu-
larly replied to weekly goal check SMS and frequently
used the refrigerator magnet (about two thirds (22/34)
were using the magnet daily post intervention). Almost
all (33/34) of the intervention participants reported read-
ing all of the MobileMums SMS they received. However,
the on-line MobileMums discussion forum was not used
at all.

Half of the intervention participants (17/34) rated
MobileMums as ‘extremely useful’ or ‘useful’ and a fur-
ther 14 participants rated it as ‘somewhat useful’ in sup-
porting their exercise goals [40]. The behavioural
counsellor noted that a major barrier to intervention en-
gagement for participants was the location of the initial
F2F session in a community facility.

Post-intervention interviews conducted with 11
women confirmed that program satisfaction was high
[40]. Participants particularly liked: that MobileMums
focused on their needs (and not their children’s needs);
getting information about local exercise opportunities
(although they wanted more details on costs, childcare
etc.); the refrigerator magnet; and the weekly goal check
SMS. These women thought that their self-nominated
MobileMums support person was not useful and attribu-
ted this to competing demands for the support person’s
time and attention (i.e., full-time employment).

Outcomes from the pilot RCT and follow-up interviews
that informed further refinement of the MobileMums
program included: 1) women needed greater flexibility
regarding the location of the initial F2F consultation
with the behavioural counsellor (i.e., their home rather
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than a location determined by the counsellor); 2) the role
of the support person required clearer definition to ensure
women selected the most appropriate person in their life
and the support person SMS needed to more directive; 3)
the on-line discussion forum was not used so another
option for women to connect with one another should
be identified; and, 4) access to additional information
(beyond that offered in the SMS) regarding the pro-
moted local exercise opportunities was desirable.

Step 5 qualitative research for intervention refinement
Prior to developing the next iteration of MobileMums,
we convened a steering group of health professionals
and service delivery agents who were interested in wide-
spread dissemination of a physical activity intervention
for women with young children (ie., maternal health
nurses from the public hospital, child health nurses from
community organisations, local government health pro-
motion officers). The steering group reviewed the find-
ings from the pilot RCT and advised that two key
facilitators for the dissemination of MobileMums into
practice would be: 1) an automated software program to
generate and send SMS and manage incoming SMS
replies from participants, to minimise the need for
personnel time, and 2) a formalised handbook to guide
the systematic delivery of the F2F consultation, since in
practice the program would be delivered by multiple staff
(not a single behavioural counsellor as in our pilot
study).

After attracting additional research funding we were
able to engage a professional software developer to pro-
duce a MobileMums-specific web-based application to
send and receive SMS. This application allows adminis-
trators (i.e., MobileMums behavioural counsellors) to
enter participant data into a web-based interface, which
is then stored in a secure database (supported by
mySQL). The program then merges these participant
fields with pre-developed frameworks to generate perso-
nalised SMS and sends the SMS according to the pre-
determined schedule (ie., frequency and days/week).
Each SMS is sent within a three-hour window (between
6 am and 7 pm) based on the participant’s preference.
Most importantly, the software uses algorithms to auto-
matically reply with a tailored, behaviourally-appropriate
response to the participant’s replies to the weekly goal
check SMS (yes/no reply requested). If participant’s goal
check SMS response does not match the predicted reply
words (ie., less than 5 characters and starting with “y”
or “n”), the administrator is notified via email so that the
SMS can be read and an appropriate SMS response trig-
gered. Based on findings in Step 4, we also created a
dedicated MobileMums website that included detailed
physical activity information, a discussion forum with
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improved usability (e.g., thread tracking) and a search-
able exercise directory of local opportunities.

We created a comprehensive MobileMums Training
Guide to guide the content of the initial F2F and 6-week
counselling sessions and train behavioural counsellors.
This book contains reviews of the benefits of exercise in
the postnatal period, and the theoretical underpinnings
of MobileMums. It also contains information on effect-
ive counselling techniques to support behaviour change.
Finally, the training guide describes a 10-step process to
guide the initial F2F counselling session and a 6-step
process to guide the 6-week follow-up telephone coun-
selling call. We also created another book, the Mobile-
Mums Participant’s Handbook, to outline the steps in
each of the counselling sessions and provide participants
with space to record decisions made during their behav-
ioural counselling sessions.

Six women with young children were recruited from
the sample of participants who had been involved in the
MobileMums pilot RCT (described in Step 4) to test the
initial F2F consultation with the behavioural counsellor
(at a preferred location) and program initiation proce-
dures for support person registration. Women were also
asked to visit the new MobileMums website (specifically
the discussion forum and on-line exercise directory) and
to provide written feedback on these web-based compo-
nents via a mailed questionnaire. Four of the six women
received the first two weeks of the automated Mobile-
Mums SMS: this allowed us to test the software’s func-
tionality in terms of automated responses to participant’s
goal check replies. Following this, the women completed
a semi-structured telephone interview to give feedback
on the F2F consultation, SMS content, program materi-
als (e.g., on-line exercise directory), and support person
registration process.

The feedback interviews provided further ideas for re-
fining the program. These were: the need to include
more affordable exercise opportunities in the on-line ex-
ercise directory, in particular walking routes; a desire to
have a description of the exercise directory entries from
the perspective of a woman who had engaged in the ac-
tivity; and, a preference for a Facebook® group over the
MobileMums discussion forum. Through the software
function testing we identified the need to screen partici-
pant replies if more than four characters were included
in the reply (i.e., more than a “yes” or “no” response was
given). This refinement was necessary since some parti-
cipants provided extra information if for example, they
didn’t meet their goal (e.g., No, but only because I was
sick). In these instances the automated reply sometimes
seemed insensitive or irrelevant and undermined the
developing virtual relationship. Further to this we devel-
oped a protocol to guide when it was ethically important
to personalise the SMS reply. This included if the
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participant goal check reply referred to: personal or child
health issues; domestic violence; relationship difficulties;
depression, grief, or crisis management; financial diffi-
culties; as well as other issues directly related to their
MobileMums participation. This protocol was added to
the MobileMums Training Guide.

A final round of user testing was conducted with three
women and their support people. The complete 12-week
SMS program was administered to identify potential
bugs within the web-based application and automatic re-
sponse mechanisms. This round of user testing identified
possible risk of habituation to receiving the Mobile-
Mums SMS at exactly the same time each day (e.g., pre-
cisely 9:00 am). Therefore, the program was modified to
ensure each SMS was sent at a randomly selected time
within the three hour window. Also, the women com-
mented that the SMS they received in response to their
goal check replies were too immediate (within seconds),
revealing the automated nature of the program and
posing a threat to the earlier-identified need for rapport
between the SMS recipient and sender (see Step 2). In
response to this, the web-based application was modi-
fied so that the goal check replies are sent between
5- and 60-minutes after the participant response was
received.

Final version of the MobileMums intervention

This section describes the MobileMums program as it
currently stands being evaluated within a community-
based RCT. Each component of the MobileMums inter-
vention is described separately and in more detail below.
As an overview, the 12-week intervention is initiated
with a semi-structured F2F consultation with a trained
behavioural counsellor, after which participants receive
five tailored SMS/week during Weeks 1 to 4 and four
SMS/week during Weeks 5 to 12. During Week 6 parti-
cipants receive a follow-up telephone counselling call
(TC) from their behavioural counsellor. Throughout the
intervention, participants have ongoing access to their
MobileMums Participant Handbook, MobileMums web-
site with on-line exercise directory, MobileMums Face-
book® group, MobileMums refrigerator magnet, and
information brochures. During the F2F consultation
each participant is asked to identify a MobileMums sup-
port person. The support person also receives tailored
SMS encouraging them to offer instrumental, emotional,
or informational support to assist the participant to be
more active.

In finalising the content this version of the Mobile-
Mums intervention, we revisited how we operationalised
the constructs of the Social Cognitive Theory (self effi-
cacy, goal setting skills, outcome expectancies, social
support and perceived environmental opportunity) into
behaviour change techniques [3]; (see Additional file 1).
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Particular care was taken to ensure that within each
intervention component (i.e., SMS, initial F2F consult-
ation) there was even coverage of all five of the theoret-
ical constructs (e.g., equal emphasis on each construct
across the 52 SMS sent to each participant). In designing
the intervention content, certain theoretical constructs
(i.e., outcome expectancy, perceived environmental op-
portunity) were targeted more often in the early stages
in the intervention (i.e., first 6 weeks) than later in the
intervention. This differential timing of targeting con-
structs was based on evidence that outcome expectan-
cies are particularly important in the early adoption
phase of physical activity behaviour change [14,42] and
was confirmed by the findings of Steps 3 and 4 that
women wanted to know what exercise opportunities
existed in their local areas to assist them to start new
routines.

Initial F2F consultation: the aim of this consultation is
to: establish rapport between the participant and the
counsellor; to gather information in order to tailor the
SMS content; and, to initiate the behaviour change
process. The behavioural counsellor guides the partici-
pant through a 10-step process outlined in the Mobile-
Mums Participant Handbook, which participants can
make notes in and keep. The 10-step process guides par-
ticipants to: 1) establish the purpose and scope of the
session; 2) review their current exercise patterns based
on baseline assessment data; 3) discuss realistic outcome
expectancies of regular exercise; 4) negotiate required
social support for regular exercise and identify a support
person; 5) identify potential cues and environmental op-
portunities for regular exercise; 6) set a SMART exercise
goal; 7) set weekly rewards for goal attainment; 8) plan a
weekly schedule for exercise; 9) identify potential bar-
riers and feasible solutions; and, 10) evaluate their com-
mitment to the plan. During this consultation,
participants also receive state-of-the-art information
brochures on exercise and a MobileMums refrigerator
magnet. Participants are also informed of how to access
the MobileMums Facebook® group, MobileMums web-
site, and online exercise directory. This consultation
occurs in a location chosen by the participant (e.g., their
home) and lasts between 25- and 45-minutes.

Behavioural counsellor: the personnel employed to
deliver the initial F2F and 6-week consultations were
required to hold a health-related bachelor degree and
government clearance for working around children.
Counsellors underwent extensive training in the principles
of promoting moderate-to-vigorous intensity physical
activity, the constructs of the Social Cognitive Theory,
effective counselling skills (e.g., active listening), and
familiarisation with issues specific to the target group.
The counsellors were provided with the MobileMums
Training Guide, had multiple one-on-one training
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sessions and engaged in role play prior to contact with
participants.

MobileMums refrigerator magnet: the refrigerator
magnet is 15 x 21 ¢cm and includes a magnetic erasable
pen (see Figure 2). The magnet has a daily planner for
participants to plan and track their exercise across the
week. During the F2F consultation, the behavioural
counsellor guides the participant to write on their mag-
net their exercise goal, weekly reward, and exercise plan
(‘What, When, Where and with Whom’ they will exer-
cise) for the first week of the program. Participants are
encouraged to update the reward and plan for each sub-
sequent week of the program and SMS prompt partici-
pants to use the magnet regularly. The support person
SMS also refer to the magnet to encourage support
people to facilitate the planned sessions of exercise, to
monitor participant’s weekly goal progress and to assist
in operationalizing rewards.

Facebook® group: participants are informed of the
MobileMums Facebook® group (a private page), which
they could request entry to via sending a friend request
to the MobileMums coordinator. The coordinator
posted an initial comment on the ‘wall’ of the Facebook®
group, which welcomes women and encourages them to
introduce themselves to other mums in the group. Com-
munications on the Facebook® page are monitored
weekly by the coordinator for incorrect or offensive in-
formation, but is otherwise not interfered with. Women
can also send private one-to-one messages to other
women in the group.

MobileMums website and on-line exercise directory: the
website contains information on evidence supporting the
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benefits of postnatal exercise, a link to the Facebook®
group, and photos and testimonials of previous Mobile-
Mums. The website also includes the exercise directory,
which allows participants access to a searchable directory
of opportunities to exercise in their local area. These
opportunities are categorised by type (i.e., Walking
Routes, Parks, Group Classes, Gyms, Personal Training,
Swimming & Aqua Aerobics) and are searchable by
map. Each entry in the directory includes details such
as: location, contact details, facilities available (including
on-site childcare), associated costs, potential risks, and
a description written by the MobileMums behavioural
counsellor who reviewed the activity. Participants also
receive a hard-copy of the directory specific to their
local neighbourhood during the initial F2F consultation.

MobileMums SMS: the SMS content is tailored to the
women’s exercise goal, their rewards and expected out-
comes for reaching their goal and the neighbourhood
that they live in (see Additional file 1 for example SMS).
In addition, the SMS wording is tailored based on the:
participant’s name and gender; support person’s name
and gender; youngest child’s name; and name of partici-
pant’s behavioural counsellor. Women receive five SMS
per week for four weeks (1 goal check SMS and 4
others) and four SMS per week for the remaining eight
weeks (1 goal check SMS and 3 others). The goal check
SMS is sent every Monday and asks participants whether
or not they met their weekly exercise goal. If the partici-
pant replies to the goal check SMS then they receive a
tailored SMS in reply (i.e., an additional SMS to the 4 or
5 per week). This goal check reply is tailored to whether
the participant reached their goal or not (e.g., Jenny, its

| MobileMymsPlanner | | | | | | | | |

MY
EXERCISE
GOAL

MY
REWARD
WILL BE:

Write down WHAT exercise you'll do, WHEN you'll do it, WHERE you'll do it and with WHOM \/

Tick the box when you reach your weekly goal. Remember to reward yourself!

Week 1 EI Week 2 D Week 3 D Week 4 D Week 5 D Week é D

Figure 2 MobileMums refrigerator magnet.
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OK. It might take time 2 get in2 the swing of things.
Think about what went wrong & find at least 1 way 2
make it easier this wk. Jacqui -MobileMums).

MobileMums support person SMS: during the initial
F2F consultation each participant is guided to identify
the tasks that would be supportive to them reaching
their exercise goal and then identify the most appropri-
ate person in their lives to fulfil these tasks (e.g., partner,
family member, friend, or neighbour). Participants are
then given a letter inviting their identified person to be
their MobileMums support person for the duration of
the 12-week program. The letter asks the potential sup-
port person to log-in to the MobileMums website to
provide consent, some personal details (i.e., exercise
habits, relationship to participant) and their mobile tele-
phone number. Once they have entered this information
on-line an automated SMS is sent to them requesting
that they reply to confirm their consent. Consenting
support people receive three personalised SMS per week
within their three hour nominated send time (e.g., 9-
12 am). These SMS provide prompts and ideas to pro-
vide instrumental, emotional, or informational support
to assist their participant to reach her exercise goal.
Every second week one of the three SMS that the sup-
port person receives is tailored to whether the partici-
pant they support responded to their weekly goal check
(e.g., Luke, congratulate Jenny. She met her goal last wk.
Can u help make time 4 her reward? Its a bubble bath.
Jacqui- MobileMums).

6-week telephone consultation: during Week 6 each
participant receives a follow-up telephone consultation
with their behavioural counsellor. This consultation is
guided by a 6-step process outlined in the MobileMums
Participant Handbook and aims to reflect on participant
progress during the first six weeks and to update exer-
cise goals, rewards and plans for the subsequent six
week period. Data collected during this call are entered
into the online database by the behavioural counsellor,
so that SMS sent during Weeks 7 to 12 are relevant to
the participant’s most recent exercise goal and rewards.

Copies of any MobileMums resources are available
from the last author on request.

Discussion

This paper described the process of developing the
MobileMums physical activity intervention and the final
version currently undergoing efficacy testing. This level
of detail is rarely provided in research literature, but is
essential if the field of behaviour change interventions
is to advance. There are currently special interest groups
collaborating with peer-reviewed journals to intro-
duce protocols that require authors to include this level
of detail in published intervention evaluations [2,43].
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Currently, most journals require authors to comply with
CONSORT guidelines when reporting on behavioural
interventions, which includes a single check point about
‘precise details of the interventions intended for each
group and how and when they were actually adminis-
tered’ [44]. Generally however, this is covered by minimal
details of what and when. If further details of where,
how and why are to be included in intervention descrip-
tions then the length and formatting restrictions of some
journals will need adjusting to accommodate the add-
itional information.

An issue experienced in the development of the
MobileMums intervention which may be relevant for
other mHealth interventions, is the time required to
develop the program, secure funding, then systematically
develop and evaluate the program. This delay in imple-
mentation and evaluation means that by the time results
are published and practice is impacted, the technology
has often already progressed. Step 1 of the MobileMums
development process commenced in 2006. During our
initial focus groups women felt that the use of smart
phone applications was not feasible due to the minority
of women who had access to this technology. Six years
later, the high penetration of smart phones may have
changed this perception. There is a growing body of
published behaviour change interventions delivered via
smart phone applications [45,46]. However, some of the
key facilitators of the success of MobileMums have
been unique features of SMS and may not transfer to
applications. For example, women expressed perceived
accountability to the behavioural counsellor because the
two-way SMS communication maintained a ‘human
aspect’ to the intervention. Throughout the development
process the MobileMums intervention content remained
grounded in Social Cognitive Theory. While it has been
noted that most traditional health behaviour change the-
ories are static in nature and may not provide adequate
guidance to mHealth interventions [38], the Social
Cognitive Theory served MobileMums well enough to
guide the behaviour change techniques. However, in
future iterations of MobileMums it may be possible to
adapt the content of the SMS based on the pattern of
previous weekly goal check replies (rather than just
the reply to each weekly goal check) or on objectively
assessed physical activity patterns detected by the mobile
handset either via Bluetooth connection to a wrist-worn
accelerometer [47] or via accelerometers that are now
commonly incorporated into the handset [48]. These
advances in technological capability may require research-
ers to embrace more dynamic theories and to follow more
complex development processes, such as those outlined
in the SMART framework [11].

Throughout the development process the Mobile-
Mums intervention has evolved to include other non
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m-health delivered components (e.g., participant hand-
book, Facebook group), however the majority of inter-
vention contact with participants and their support
person is via SMS. As described in this paper the ne-
cessary additions of other delivery methods have been
based on the findings of the comprehensive formative
development process undertaken with the target group.
Future research should explore how the non m-health
components of the intervention could be translated to
sole mHealth delivery, and how the effectiveness of the
program is affected as a result.

Conclusions

The process of developing MobileMums involved
many phases of formative research and pilot testing.
The resultant semi-automatic program has evolved from
its original manually managed iteration but has main-
tained strong theoretical-grounding throughout the de-
velopment process. Results of a current community-
based randomised controlled trial to evaluate the final
version of MobileMums described in this paper will in-
form further translation of the intervention beyond re-
searcher administration into community-based practice
(ACTRN12611000481976).

Additional file

Additional file 1: MobileMums intervention content mapped to
behaviour change techniques (Michie et al., 2011) and Social
Cognitive Theory. A table displaying how each behaviour change
technique (from the Michie et al, taxonomy) is targeted in the
MobileMums intervention and how these relate to the theoretical basis
of Social Cognitive Theory.
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Abstract

Background Women with young children (<5 years) are an
important group for physical activity intervention.

Purpose The objective of the study was to evaluate the feasi-
bility, acceptability, and efficacy of MobileMums—a physical
activity intervention for women with young children.
Methods Women were randomized to MobileMums (n=133)
or a control group (n=130). MobileMums was delivered
primarily via individually tailored text messages. Moderate
to vigorous physical activity (MVPA) was measured by self-
report and an accelerometer at baseline, end of the interven-
tion (13 weeks), and 6 months later (9 months). Changes were
analyzed using repeated-measures models.

Results MobileMums was feasible to deliver and acceptable to
women. Self-reported MVPA duration (minutes/week) and fre-
quency (days/week) increased significantly post-intervention
(13-week intervention effect 48.5 min/week, 95 % credible
interval (CI) [13.4, 82.9] and 1.6 days/week, 95 % CI [0.6,
2.6]). Intervention effects were not maintained 6 months later.
No effects were observed in accelerometer-derived MVPA.
Conclusions MobileMums increased women’s self-reported
MVPA immediately post-intervention. Future investigations
need to target sustained physical activity improvements
(ACTRN12611000481976).
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Introduction

Women with children aged less than 5 years are an important
target for physical activity promotion. They are less active
than women the same age without children [1-4] and women
with older children [2, 5-7]. In addition to health benefits of
physical activity experienced in the general population [8],
active women with young children are less likely to develop
post-natal depression [9] and retain less excess body weight
following pregnancy [10, 11].

A recent systematic review of seven physical activity in-
terventions in healthy, inactive women with young children
concluded that interventions can increase the frequency of
physical activity immediately post-intervention [12]. Most
interventions were delivered by face-to-face contact in either
group [13-17] or individual sessions [18, 19], and although
generally effective at increasing physical activity, results from
these trials suggest that the need for regular face-to-face
contact may reduce program attendance [15, 20-22]. Overall,
this review concluded that the methodological quality of
research to date was poor, citing that many studies had a high
risk of bias, high dropout rates, poor measurement ap-
proaches, and inadequate handling of missing data [12].

Broad-reach interventions may be suitable for this popula-
tion group. Interventions that use telephone counseling and/or
e-mail contact [23-25] or other mediated (non-face-to-face)
intervention delivery modes may be particularly suitable for
women with young children. These modes can ameliorate
issues of access and reach: extending across geographic areas,
reducing the burden of accessing programs in structured face-
to-face settings, and reducing the cost of program delivery [26].

@ Springer
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MobileMums is a mediated intervention that was devel-
oped through an iterative process that used theory and
findings from several sources of evidence [27]. It is a
12-week physical activity program based on social cogni-
tive theory that is primarily delivered via personalized,
individually tailored mobile telephone text messages sent
to participants and their nominated MobileMums social
support person. The program is initiated by a face-to-face
counseling session during which physical activity goals are
set and data for personalizing the text messages are col-
lected. Physical activity goals are monitored via text mes-
sage throughout the intervention period and are revisited
during a telephone counseling call conducted mid-
intervention (6 weeks). A pilot randomized controlled trial
(RCT) showed that MobileMums produced statistically
significant short-term increases in the frequency (days per
week) of self-reported moderate- to vigorous-intensity
physical activity (MVPA) and walking for exercise mid-
intervention (6 weeks; M=1.32 days/week, standard error
(SE)=0.17 and M=1.65 days/week, SE=0.27, respectively) and
immediately post-intervention (13 weeks; M=1.82 days/week,
SE=0.18 and M=1.08 days/week, SE=0.24 respectively) [28].
Unfortunately, the pilot study was not adequately powered
for examining intervention effects on time spent being
physically active each week (duration), did not include
objective measurement of physical activity, and did not
assess maintenance of the intervention effect after contact
finished. Pilot study participants (n=88) engaged well with
the program and were satisfied that it supported them to
increase their physical activity [28]. The positive feasibility
and preliminary physical activity outcomes observed in the
pilot study showed that the MobileMums intervention de-
served further attention and evaluation in an adequately
powered RCT.

The aim of this study was to evaluate whether an improved
version of MobileMums was feasible to deliver, acceptable to
participants, and effective at increasing MVPA in women with
young children at the end of the intervention (13 weeks) and
6 months after the end of the intervention (9 months), com-
pared with a minimal contact control group.

Methods

Formative research and iterative development processes for
creating the MobileMums intervention [27] and detailed
methods of the current trial are provided elsewhere [29].
This trial adhered to the CONSORT guidelines for
reporting RCTs [30] and was registered with the Australian
Clinical Trials Registry (ACTRN12611000481976). Ethical
clearance was obtained through the Queensland University
of Technology Human Research Ethics Committee (Appli-
cation no 0,900,001,407).

@ Springer

Study Design

This was a 9-month, two-arm community-based RCT. Partic-
ipants were randomly allocated to either the MobileMums
intervention group or a minimal contact control group. Data
were collected before the program (baseline), immediately
post-intervention (time 2, 13 weeks post-baseline), and after
a 6-month no-intervention maintenance period (time 3,
9 months post-baseline).

Participant Eligibility and Recruitment

Women with young children were recruited from within
a 30-km radius of the Caboolture central business dis-
trict (a community 45 km north of Brisbane, Australia)
via one of three methods. Our primary method was
from an existing database of women with young chil-
dren who had participated in community surveys about
infant and maternal health outcomes in 2006 and
consented to being recontacted about future research.
Each woman was mailed an invitation to participate,
followed by a personalized text message (i.e., referred
to them by first name) and telephone call to determine
their interest and eligibility. Women were able to opt out from
receiving the follow-up telephone call by replying to the text
message.

Two methods of supplementary recruitment were used: (1)
Clients of the Caboolture Early Years Centre were sent an
invitation via the centre’s Facebook group. This message was
not personally tailored but provided details of the study and
asked women to contact research staff via telephone or e-mail.
(2) The Queensland Centre for Mothers & Babies mailed an
invitation to participate in this research to their database of
women with young children. These women had participated
in a survey about their experience of maternity care in 2010
[31] and had consented to be contacted for further research.
Only those women who contacted the MobileMums research
staff via telephone, e-mail, or business reply letter were
screened for eligibility.

To be eligible, women had at least one child aged between
6 weeks (most physiological and morphological changes as-
sociated with pregnancy have normalized by 6 weeks [32])
and 5 years, owned a mobile telephone, were not pregnant at
the time of consent (participants remained eligible if they fell
pregnant during the 9-month trial), lived within the designated
residential area and planned to remain there for the next
12 months, and were able to read and understand English.
Any woman who had been advised not to exercise by her
doctor was asked to receive her doctor’s clearance before
participating. Once eligibility was established, women provided
informed verbal consent over the telephone, and their baseline
physical activity assessment was scheduled.
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Data Collection

Specific details of the data collection procedure were provided
in the MobileMums protocol paper [29] and summarized here.
Data at all three assessment points were collected via self-
administered questionnaire, telephone interview, and objec-
tive activity monitors (accelerometers). Participants were
sent an assessment package that contained as follows: an
introductory letter, an accelerometer, an accelerometer log-
book, a self-administered questionnaire, an instruction/
reference sheet for use during the telephone interview,
and a business reply mailbag. Participants received cour-
tesy calls from trained research assistants on days 3 and 7
after the package was sent to ensure its receipt and correct
use of the accelerometer. Where possible, the scripted
telephone-interview-administered questionnaires were con-
ducted by the trained research assistants during one of
these courtesy calls. Research assistants were blind to
participants’ group allocation at baseline but may not have
remained blind to group allocation at times 2 and 3 due to
participants disclosing information about their treatment
during their interview. All participants received a nominal
gratuity (A$20 gift voucher) for each completed assessment to
recognize their contribution to the research.

Feasibility and Acceptability Outcomes

Intervention implementation data were assessed via the self-
report questionnaire (i.e., recall and treatment of text messages
and use of supplementary intervention materials) or objective
tracking of delivery data (i.e., duration of initial and 6-week
counseling session, number of text messages sent, number of
goal check text message responses received, and number of
unprompted [extraordinary] text messages sent by partici-
pants). Participants’ perceived usefulness of the program
was assessed in the self-report questionnaire on a five-point
Likert scale ranging from 1 (poor) to 5 (excellent).

Efficacy Outcomes

Change in MVPA was assessed via telephone interviews using
a validated physical activity survey to assess specific types of
MVPA done for specific purposes (e.g., brisk walking for
exercise) and an objective accelerometer.

Telephone Interview

The Australian Women’s Activity Survey that was developed
to specifically assess physical activity among women with
young children [33] was administered during the telephone
interview. The survey assesses women’s typical weekly
activity in the past month across five domains (planned,
transport, childcare, domestic, and work related) and three

intensity levels (light, moderate, and vigorous). Interview-
administered survey data have good test-retest reliability
(ICC=.80, 95 % confidence interval (CI) [0.65, 0.89]) and
acceptable criterion validity (compared to accelerometer
data; correlation=.28, p=.01) [33]. The key variables extracted
from the survey were duration (minutes per week) and fre-
quency (days per week) in the planned and transport domains
for MVPA (including brisk walking and moderate- and
vigorous-intensity activities) and brisk walking only. To be
categorized as meeting the Australian physical activity guide-
lines [34], participant’s survey data had to indicate at least
150 min and at least 5 days per week of MVPA.

Accelerometer

Total accumulated MVPA was assessed using data from a
waist-worn ActiGraph GT1M accelerometer (ActiGraph,
LLC, Fort Walton Beach, Florida). Participants were asked
to wear the accelerometer for all waking hours (minimum
10 h/day) for seven consecutive days, removing it only for
sleep or water-based activities. They were asked to record
each time that they put the accelerometer on or took it off,
including any non-wear activities (e.g., water-based activities)
in a logbook. The accelerometer was set to record data in 1-
min epochs, thus providing output as counts per minute (cpm).
Bouts of >60 min of zero cpm (allowing for <3 min of counts
1 to 49 cpm) were excluded as non-wear time [35]. Invalid
days (days with <10-h wear or excessive counts >20,000 cpm)
were discarded. Standardized cut-points [36] were applied to
delineate moderate-intensity activity (574 to 4944 cpm) and
vigorous-intensity activity (>4945 cpm). These accelerometer
cut-points were chosen as they were created using research
which collected accelerometer data during a broad set of field-
based activities (e.g., yard work, housework, family care,
occupation, recreational walking, and conditioning), which
are more like the types of activities undertaken by women
with young children, than is walking or running on a treadmill
in a laboratory. Importantly, walking with and without a
stroller has been shown to be a moderate-intensity activity,
when assessed using a portable gas analyzer to measure
oxygen uptake [37]. The chosen cut-points are more likely
to accurately capture this type of activity as moderate. Data
are reported as averages for valid days (minimum one valid
day) on a per week scale. The average per day was scaled
to weeks to make these data more comparable with the
self-reported physical activity outcomes (minutes per
week). The “minutes per week” (duration) variable derived
from the accelerometer data considered moderate- to
vigorous-intensity minutes that were accumulated in bouts
of at least 10 min (allowing for a maximum of two 1-min
epochs below the threshold within every 10-min bout).
Treating accelerometer data this way is consistent with the
updated American College of Sports Medicine and American
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Heart Association physical activity recommendations for
adults [38] and the methods used by Troiano et al. [39] to
treat accelerometer-derived physical activity data. The “bouts
per week” (frequency) variable indicated the number of bouts
that the participant accumulated at least 10 min of MVPA
(allowing for a maximum of two 1-min epochs below the
threshold within every 10-min bout). To be categorized as
meeting the Australian physical activity guidelines [34],
participant’s accelerometer data had to indicate at least
150 min/week and at least five bouts per week, based
on the variable definitions described above.

Sample Size

Sample size was based on the clinically meaningful increase
in physical activity observed in our pilot study at mid-
intervention (40 min/week) [28]. Using the standard deviation
of 102 min/week (from survey data), and assuming 80 %
power and two-sided significance of 5 %, we needed 102
women per group. Anticipating a 25 % dropout, this figure
was inflated to 128 per group (256 in total).

Randomization

Participants were randomized to either the intervention or
control group in three strata according to their baseline phys-
ical activity frequency. Physical activity frequency was deter-
mined using data from a single item asking participants to
indicate (on a scale from 0 to 7 days) how many days per week
they “exercised for at least 30-min” in the past 12 weeks.
This single item has acceptable validity against ActiGraph
accelerometers for assessing frequency (days per week) of
at least 30-min sessions of MVPA in women with young
children (correlation=.38, p<.001; unpublished data). Each
participant was classified as either not at all active
(exercised 0 days per week), somewhat active (exercised
between 1 and 4 days per week) or sufficiently active
(exercised 5 days or more per week) [40]. Randomization
was managed by the project coordinator using three lists
created by the fourth author using the “sample” function
in the R software package to create random permuted
blocks of size 10 with a 1:1 allocation ratio. While the
primary focus of this intervention was to increase
women’s physical activity, it was also designed to support
ongoing participation by widening participants support
network for physical activity. For this reason, we chose
to not exclude women who were considered active during
our screening process. Women who were habitually
physically active and did not foresee any benefit of
participating opted out of the study during the informed
consent process (see Fig. 1).
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MobileMums Intervention

MobileMums was created using the five step mHealth
Development and Evaluation process. Relevant literature,
theory, and quantitative and qualitative evidence from
formative research with the target group were reviewed
[27]. Each component of the MobileMums intervention
operationalizes at least one construct of social cognitive
theory (self-efficacy, goal-setting skills, outcome expectancies,
social support, and perceived environmental opportunity) into a
behavior change technique [27]. This is elucidated using the
taxonomy of behavior change in our earlier publication [27].

The MobileMums intervention was initiated by a face-to-
face counseling session with a trained MobileMums behavioral
counselor, after which participants received 12 weeks of indi-
vidually tailored theory-based text messages and a follow-up
telephone counseling session with their behavioral counselor at
6 weeks. Participants also received supplementary resources: a
MobileMums Participant Handbook, a MobileMums goal-
tracking refrigerator magnet, and standard physical activity
information brochures, as well as details for joining a dedicated
MobileMums Facebook group and a MobileMums website
with a searchable online exercise directory. Each participant
was also guided to identify a MobileMums support person who
also received 12 weeks of individually tailored, theory-based
text messages. Access to these resources can be provided upon
request to the corresponding author.

Face to Face Counseling Session

The aim of'the face-to-face counseling session was to establish
rapport between the participant and their MobileMums coun-
selor, work through the standardized stepwise MobileMums
Participant Handbook, collect information to personalize and
tailor the text message content, and initiate the behavior
change process. Using the MobileMums Participant Hand-
book as a guide, participants were asked to reflect on their
physical activity patterns (using a one-page feedback summa-
ry from baseline accelerometer-measured physical activity
assessment), identify expected outcomes of being active, set
a specific, measurable, achievable, realistic, timelined
(SMART) physical activity goal and identify a personal re-
ward for reaching their goal, identify barriers to reaching their
goal and strategies to overcome them, and identify the support
that they required for reaching their goal, including a specific
person to be their MobileMums support person. At the end of
the counseling session, participants rated their confidence to
reach their goal on a ten-point scale ranging from 1 (not at all
confident) to 10 (extremely confident). If a participant rated
their confidence four or below, their goals and/or strategies
were adjusted until they felt more confident that they could
reach their goal. This session occurred at a time and location
identified by the participant (e.g., usually their home).
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Primary Recruitment Supplementary Recruitment via Supplementary Recruitment
Database (n = 780) Facebook (n = 46) via second Database (n = 323)
4&‘ Actively opted out (n = 24) ‘ —P‘ Did not opt-in (n = 13) ‘ —D‘ Did not opt-in (n = 253)
—b{ Not contactable by phone (n = 348) ‘
Assessed for eligibility (n = 408) Assessed for eligibility (n = 33) Assessed for eligibility (n = 70)
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5 Currently pregnant (n = 10) (n=0) (n=4)
Health issue finjured (n = 5) Refused to participate Currently pregnant (n = 6)
Other (n = 2) (=0 Health issue /injured
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Not specified (n = 8) Doing enough exercise
Pregnant Deferred Consent, but (n=1)
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—
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2
=
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= Allocated to intervention group (n = 133) Allocated to control group (n = 130)
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Fig. 1 Participant recruitment and retention flowchart

Variation in intervention delivery was minimized by only =~ worked very closely and debriefed with each other and the
having two tertiary educated MobileMums counselors who  study coordinator weekly. Counselors were required to hold
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government clearance for working around children. Each
counselor underwent intensive training in the evidence for
why promoting MVPA was beneficial, the constructs of the
social cognitive theory, effective counseling skills (e.g., active
listening), and familiarization with issues specific to the target
group. Counselors were provided with the MobileMums
Training Guide, had multiple one-on-one training sessions,
and engaged in role play training prior to contact with partic-
ipants. Both counselors audio-recorded three sessions (select-
ed at random) with permission from the participant: These
recordings did not undergo fidelity analysis but were reviewed
by the first author to provide counselors with feedback on
their performance.

MobileMums Text Messages

Over the 12-week program, participants were sent 52 individ-
ually tailored text messages via a customized, automated web-
based program. Each text was tailored by linking the automat-
ed program with a secure participant database created using
data collected by the counselors during the face-to-face
counseling session. The content was tailored to each partici-
pant’s name, counselor’s name, goal, neighborhood, preferred
reward, and/or expected outcomes for reaching her goal.
Where appropriate, text messages were also personalized
using the participant’s youngest child’s name and their support
person’s name and gender.

During weeks 1 to 4, participants were sent five text mes-
sages per week and four text messages per week thereafter.
Weekly messages included one goal check message sent each
Monday asking the participant to respond (e.g., “Jenny did u
do all ur planned exercise last wk.? Check ur planner magnet
& text me back yes or no. Jacqui—MobileMums”). If the
participant replied to the goal check message, the program
used algorithms to construct an appropriate, tailored reply.
Therefore, each participant could receive an additional 11
texts if they responded to each goal check message (total text
messages possible=63).

Support Person Text Messages

Support people were sent three personalized theory-based text
messages per week encouraging them to offer instrumental,
emotional, or informational support to their MobileMum. Four
of these messages were tailored to how their MobileMum
participant responded to her weekly goal check (e.g., “Luke,
congratulate Jenny. She met her goal last wk. Can u help make
time 4 her reward? It’s a bubble bath. Jacqui—MobileMums”).

Week 6 Telephone Counseling Session

During week 6, participants received a telephone call from
their MobileMums counselor, and they worked through the

@ Springer

last section of the MobileMums Participant Handbook. The
aim of this session was to update the participant’s exercise
goals and strategies in order to refine the tailoring of the text
messages sent in weeks 7 to 12.

Supplementary Resources

Throughout the program, participants had ongoing access to
their MobileMums goal-tracking refrigerator magnet,
MobileMums Participant Handbook, MobileMums website
with searchable, online exercise directory, MobileMums
Facebook group (monitored by project coordinator), and in-
formation brochures. The information brochures included
standard government issue education materials on “An Active
Way to Better Health” and “Exercise and Wellbeing After
Pregnancy,” a customized brochure on walking tracks in
Caboolture, and a customized printout of “mom-friendly”
activities in their local neighborhood. Women also received
a brief (one page) summary of their accelerometer-measured
physical activity levels following each assessment. This
feedback was not considered part of the intervention but
was provided to increase participant compliance with repeat
assessment.

Minimal Contact Control Group

Women in the minimal contact control group received the
same standard physical activity information brochures as the
intervention group and had access to a separate information-
only website and a separate Facebook group. Neither they did
receive any of the novel MobileMums-specific resources
(handbook, magnet, or text messages) nor did they have any
contact with the MobileMums behavioral counselor. Consis-
tent with the intervention group and to increase participant
compliance with assessment procedures and reduce study
attrition, the control group participants also received the
one-page feedback summary of their accelerometer-derived
physical activity levels following each assessment. With
the exception of the accelerometer feedback summary, the
control group treatment was designed to reflect the stan-
dard minimal care that service providers could feasibly
deliver without specific funding (e.g., standard print mate-
rials and information-only website and Facebook access),
and provided an altruistic comparison for the novel
MobileMums intervention components.

Efficacy Data Analyses

Efficacy data analyses were intention to treat [30], so all
participants’ data were analyzed according to their random-
ized group regardless of compliance with the program.
Change in self-reported MVPA and brisk walking and in
accelerometer-derived MVPA was analyzed using repeated-
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measures models. For the continuous physical activity vari-
ables, change was modeled from baseline with group and
baseline physical activity as independent variables [41].

To examine the differences between groups, the means and
95 % confidence intervals were calculated at the three data
collection times along with mean changes between baseline
and both time 2 and time 3. We used similar repeated-
measures models for the categorical physical activity vari-
ables, but used a Poisson distribution to model the counts of
brisk walking days per week from the interview data, and a
binomial distribution for guideline compliance data, ex-
pressing the results as prevalence ratios [42]. We used
prevalence ratios instead of odds ratios, as these can be
used as multipliers (i.e., how many “times more likely” a
good physical activity outcome is observed in the interven-
tion group compared with the control).

All analyses were run assuming a Bayesian paradigm using
non-informative priors; hence, results are presented using
means and 95 % credible intervals [43]. We used 10,000
MCMC iterations after a burn-in of 10,000. R software
package (version 3.0.0) was used to create plots and impute
missing data [44] and the JAGS package (version 3.2.0) to
run the Bayesian models [45].

Sensitivity Analyses

Four sensitivity analyses were completed to examine the
impacts of outliers, missing data at times 2 and 3, and com-
pliance with the intervention, on intervention effects. First, we
excluded data for participants with change from baseline to
either times 2 or 3 that was more than three standard devia-
tions from the mean change. Then, for each dependent vari-
able, we ran a complete case analysis and another analysis that
imputed missing data. We used a parametric multiple imputa-
tion by randomly imputing the missing data using either an
exponential or categorical distribution. We used the exponen-
tial distribution for continuous physical activity variables as
these data were strongly positively skewed. We checked the
adequacy of the exponential assumption using a quantile—
quantile plot. We used a categorical distribution for compli-
ance with the physical activity guidelines and the interview-
derived brisk walking variable on the scale of number of days
per week. For these variables, the imputation was based on the
marginal probabilities of the observed values. For example, if
10 % of participants were not meeting the guidelines at times 1
and 2, then missing values for the guidelines at times 1 and 2
were randomly imputed with a 10 % probability of not meet-
ing the guidelines. For the accelerometer data, completely
missing and partially missing data were imputed. If a partic-
ipant had completely missing data, then their data were im-
puted by randomly sampling from an exponential distribution
with the mean equal to the sample average from all available
responses from all participants. If a participant had partially

missing data (e.g., 3 days complete out of 7), then the data for
their missing days were imputed by randomly sampling from
an exponential distribution with the mean equal to the sample
average from their available responses. Multiple imputations
with ten imputed data sets were used.

Two sensitivity analyses were used to examine if the treat-
ment effect was stronger in those who received the core
components of the MobileMums intervention. These sub-
group analyses were not initially planned but were conducted
to understand if specific intervention components (and use of
them) impacted on the intervention effect. The first analysis
examined per protocol effects. Per protocol receipt of the
intervention was defined as receiving the initial face-to-face
counseling session, nominating a MobileMums support per-
son, receiving 51 text messages over 12 weeks (since during
trial delivery, one of the 52 planned text messages failed to
send), and completing the 6-week telephone counseling ses-
sion. Second, a subgroup of proactive users was identified:
Proactive users were intervention participants who met the per
protocol criteria described above, plus they replied to at least 8
out of the 11 goal check text messages (sent weekly from
weeks 2 to 12) and reported at least weekly use of the
MobileMums refrigerator magnet at time 2. The per protocol
and proactive user subsamples were compared to the control
group, and changes in between-group intervention effects of
20 % of the original effect were considered meaningful.

Results
Participants

Figure 1 shows the recruitment process and how participants
flowed through the trial following consent. Three hundred six
participants consented, and 263 (86 %) completed the baseline
assessments and were randomized. There were no meaningful
differences in demographic or physical activity characteristics
between those considered eligible (n=331) and those ran-
domized (n=263; Table 1). The mean age of the trial
sample (n=263) was 31.9 years (SD=9.5), mean BMI
was 28.1 (SD=6.9), 21.8 % had an education level no
higher than year 10 (i.e., grade 10 in secondary school),
and 47.7 % reported full-time home duties. The two study
groups were similar.

Overall, study retention rate of the randomized sample was
86 % at time 2 (end of intervention) and 70 % at time 3
(6 months after end of intervention; see Fig. 1). Multiple
logistic regression analysis showed that being in the interven-
tion group increased the odds of not responding at time 2
(odds ratio (OR)=2.49, p=.06, 95 % CI [1.01, 6.72]), while
non-response at time 3 was more likely among those who
reported sufficient MVPA at baseline (OR=4.59, p=.01,95 %
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Table1l Demographic and physical activity characteristics of eligible participants invited to participate in the trial and those randomly allocated to each

study group

Characteristic Eligible sample (n=331) Intervention group (n=133) Control group (n=130)

n M (SD) n M (SD) n M (SD)

Age (years) 330 32.4(5.5) 133 32.1(5.2) 130 33.1(5.3)

BMI (kg/m?) Not recorded 124 27.4 (6.8) 124 28.9 (6.9)

Age of youngest child (months) 330 27.1 (16.1) 130 26.5 (16.8) 132 26.7 (15.4)

n Mdn (25th, 75th n Mdn (25th, 75th n Mdn (25th, 75th
percentiles) percentiles) percentiles)

Days per week 30 min of exercise 330 1(0,3) 132 1(0,3) 130 1(0,3)
(single item screener) n n (%) n n (%) n n (%)

Insufficient days per week 30 min of 330 291 (88.2) 132 119 (90.2) 130 116 (89.2)
exercise

Became pregnant during trial Not recorded 109 7(64) 117 9(7.7)

Only one child to be cared for while 329 113 (34.3) 131 42 (32.1) 130 50 (38.5)
exercising

Marriage status  no partner Not recorded 132 15(11.4) 128 16 (12.5)

Identify as Aboriginal or Torres Strait Not recorded 132 2(1.5) 127 2 (1.6)
Islander

Income less than $600 weekly household Not recorded 114 10 (8.8) 110 16 (14.5)
income

Education year 10 highest education level Not recorded 131 25 (19.1) 126 31 (24.6)

Employment status  full time home duties 328 154 (47.0) 130 70 (53.8) 130 66 (50.8)

CI [1.37, 15.98]). Most participants wore the accelerometer
for four or more valid days (>10 h/day) at baseline (97 %),
time 2 (95 %), and time 3 (95 %; see Fig. 1).

Feasibility and Acceptability

One hundred thirty women (98 % of those randomized to the
intervention) completed the initial face-to-face counseling
session, and most (85 %) opted to complete the session in
their home. The mean duration of this initial session was
50 min (SD=10). At the end of the counseling session, 67 %
of intervention participants rated their confidence in their
ability to reach their exercise goal as eight or higher on a
ten-point scale (response range=>5-10). One hundred eleven
women (83 %) completed the 6-week telephone counseling
session, which lasted on average 14 min (SD=5).

On average, intervention participants were sent 58 (SD=8;
including goal check replies) text messages over the 12-week
intervention period, and their nominated support person was
sent 33 (SD=5) text messages. The proportion of participants
replying to the goal check text messages ranged from 86 (in
week 2) to 64 % (in week 10; see Fig. 2). Consistently, a
higher proportion of goal check replies indicated that partici-
pants had met their goals (“yes” replies) than those that had
not met their goals (“no” replies; see Fig. 2). Five participants
did not respond to any goal check message. Excluding the
goal check replies, on average, participants sent 1.6 (SD=2.4)
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extraordinary text messages to their counselors during the
intervention period, which were not responded to.

At time 2, 86 % of intervention participants recalled re-
ceiving between two and seven text messages in the previous
week from MobileMums (four were sent in the final week,
five if they responded to the weekly goal check). Fourteen
percent reported never receiving a MobileMums text message.
Forty-eight percent of intervention participants reported read-
ing the MobileMums text messages then deleting them, 36 %
reported reading them then storing them, and 4 % reported
deleting them without reading them at all. Forty-three percent
of intervention participants reported referring to the
MobileMums Participant Handbook after receiving it during
the initial counseling session, 44 % reported reading the
information brochures, 46 % reported accessing the
MobileMums intervention website, and 32 % reported
“using” the secret Facebook group. Despite never receiving
one, 11 % of control participants reported referring to the
MobileMums Participant Handbook (although they may have
confused this with the information package that they re-
ceived), 54 % reported reading the information brochures,
14 % reported accessing the MobileMums control website,
and 3 % reported “using” the Facebook group (which was
different to the intervention Facebook group).

Objective data on the use of the separate MobileMums
websites collected via Google Analytics showed that during
the intervention period, the MobileMums intervention website
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Fig. 2 Number and type of goal 120
check replies received from
participants by intervention week
and the proportion of intervention
participants choosing to reply
each week. NB: goal checks were

sent in weeks 2 12
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encountered 463 sessions, of which at least 102 would
have been MobileMums support people registering.
There were 190 repeat sessions (41 % of the total).
The average number of intervention website pages
viewed per session was 3.80, and the average session
duration was 3.24 min. By comparison, the control
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website encountered 63 sessions during the study peri-
od, of which 7 (11 %) were repeat visits. The average
number of control website pages viewed per session
was 3.1, and the average session duration was 1.31 min.

At time 2, 53 % of intervention participants rated the
MobileMums program as “excellent” or “very good” at

Table 2 Physical activity outcomes at baseline, within group change to time 2 and time 3 for the intervention (»=133) and control (n=130) groups,

and between group intervention effects

Baseline Mdn
(25th, 75th percentiles)

Outcome Time 2 n Change to Time 2

M (95 % CI)

Intervention effect
M (95 % CI)

Intervention effect Time 3 n Change to Time 3
M (95 % CI) M (95 % CI)

Self reported moderate to vigorous intensity physical activity
Min/week

Intervention 80.0 (0.0, 228.0) 111 72.8 [43.5,102.1]
Control 108.0 (0.0, 221.3) 119 2431 05,50.2]
Days/week
Intervention 2.0 (0.0, 6.0) 111 2.0[1.3,2.7]
Control 3.0 (0.0, 6.0) 117 04[ 03,1.2]
Self reported brisk walking
Min/week
Intervention 20.0 (0.0, 95.0) 110 81.2[60.3, 101.9]
Control 0.0 (0.0, 90.0) 121 47.5[29.0, 66.6]
Days/week
Intervention 1.0 (0.0, 3.0) 110 2.1[1.6,2.6]
Control 0.0 (0.0, 3.0) 121 1.1 0.7, 1.6]

Accelerometer measured moderate to vigorous intensity physical activity
Min/week

Intervention 402.0 (218.8, 636.5) 104 8.0[ 52.8,36.4]

Control 358.0 (203.9, 565.0) 107 29.2[ 65.9,84]
Bouts/week®

Intervention 22.7 (14.4, 35.5) 104 1.1] 13,3.6]

Control  21.0(12.0,31.7) 107 09 14,3.4]

48.5[13.4,829] &5 543 [21.0, 87.2] 25.3[ 12.5,62.8]

97 29.0 [0.5, 56.3]
1.6[0.6,2.6] 85 1410.5,2.2] 0471 0.7, 1.6]
97 0910.1, 1.7]

33.8[8.3,589] 85 70.0 [46.5,933]  13.1[ 14.8,41.6]

97 57.0 [35.8, 77.2]
1.0[04,1.6] 85 19[1.3,24] 03[ 04, 1.1]
97 1.51.0, 2.0]

21.2[ 25.4,67.2] 83 54.8[ 103.1, 6.2] 24[ 46.8,51.3]

87 5721 973, 17.7]
02] 32,35] 83 16[ 4.3,1.2] L1[ 4.9,2.8]
87 05 3.3,2.1]

#Number of 10 min bouts of moderate to vigorous intensity activity
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helping them to increase their physical activity, and a further
33 % rated it as “good.”

Effects on Physical Activity

There were statistically significant between-group effects
demonstrated between baseline and time 2 in favor of the
intervention group (see Table 2). This included the interven-
tion group reporting significantly more MVPA in terms of
both duration (48.5 min/week) and frequency (1.6 days/week)
than the control group. The intervention group also reported
significantly more brisk walking duration (33.8 min/week)
and frequency (1.0 days/week) relative to the control group.

There were no statistically significant between-group differ-
ences between baseline and time 3 in either duration or fre-
quency of self-reported MVPA or brisk walking (see Table 2).
There were no statistically significant between-group differ-
ences observed over time in any of the accelerometer-derived
physical activity outcomes (see Table 2).

At time 2, intervention participants were, on average, 75 %
more likely to report enough MVPA to meet national
physical activity guidelines, compared to the control group
(mean prevalence ratio 1.75, 95 % CI [1.20, 2.50]). The
prevalence ratio was not statistically significant at time 3
(mean prevalence ratio 1.26, 95 % CI [0.82, 1.84]). The
mean prevalence ratio of guideline compliance for
accelerometer-measured weekly MVPA between the inter-
vention and control groups was not statistically significant
at time 2 (1.08, 95 % CI [0.98, 1.20]), or at time 3 (0.98,
95 % CI [0.86, 1.13]) (Table 3).

Sensitivity Analyses

Imputing missing data at time 2 or at time 3 did not alter the
between-group intervention effects for self-reported or
accelerometer-derived MVPA or brisk walking (data not
shown). The per protocol subgroup (n=102) analyses did
not alter any between-group effects or their magnitude. There
were no meaningful or statistically significant differences
between the control group (n=130) and proactive user

Table 3  Physical activity guideline compliance rates at baseline, time
2, and time 3 for the intervention (n=133) and control (n=130) groups

Condition Baseline % Time 2 % Time 3 %

Self reported moderate to vigorous intensity physical activity
Intervention 29 50 42
Control 28 30 34

Accelerometer measured moderate to vigorous intensity physical
activity
Intervention 85 89 81
Control 85 82 83

@ Springer

subgroup (n=59) baseline characteristics (i.e., demo-
graphics and physical activity levels: data not shown).
However, the proactive user subgroup analyses increased
the magnitude of baseline to time 2 intervention effects for
the frequency of self-reported brisk walking (from 1.0 to
1.3 days/week, 95 % CI [0.5, 2.1]).

Discussion

This study rigorously evaluated an improved version of the
MobileMums physical activity intervention. An earlier ver-
sion had previously demonstrated feasibility and efficacy for
increasing women’s physical activity frequency (days/week)
both mid-intervention (6 weeks) and at the end of intervention
(13 weeks) but was underpowered to detect statistically sig-
nificant changes in physical activity duration (min/week) [27].
This version of the intervention was again shown to be feasi-
ble to deliver and received high approval from the target
group. Further, it resulted in meaningful and statistically sig-
nificant improvements in self-reported physical activity fre-
quency and duration at the end of intervention (13 weeks), but
this effect was not maintained at 6 months after the interven-
tion had ceased.

The increase in self-reported MVPA duration observed
immediately post-intervention in this trial (48.5 min/week)
was greater than that observed in the pilot trial (18.3 min/week
[28]). This difference was despite the fact that, unlike in the
pilot trial, we neither excluded women who were already
doing five or more days of exercise (whose capacity for
change is less than those women who were considered inac-
tive at baseline) nor did we exclude women who did not intend
to increase their exercise in the next 3 months (thus only
including those motivated to change). This means that the
current trial included a more representative sample that
was less likely to be capable of and/or ready for change.
The larger effect may be explained by improvements made
to MobileMums program [27]. New components added to
this version of MobileMums included use of a MobileMums
Participant Handbook during the counseling sessions, more
thorough mapping of mom-friendly environmental opportu-
nities for exercise which was accessible via a directory
embedded in a MobileMums website, more specific selec-
tion of a MobileMums support person, and a higher dose
and tailoring of support person text messages. Participants
also had access to a secret MobileMums Facebook group,
though use of the Facebook group was suboptimal. The use
of individual intervention components that were common
across the two trials were slightly better in this trial (e.g.,
replying to goal checks and use of the goal-tracking refrig-
erator magnet) [28]. An in-depth investigation of potential
moderators of intervention effect, the use of each
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intervention component, and changes in theoretical con-
structs and potential mediators may help to understand the
mechanisms of change that underpinned the intervention
effects observed in this trial, but are beyond the scope of
this manuscript, and will be reported in a separate manu-
script [29].

Evaluating the maintenance of behavior change following
end-of-intervention contact is crucial to informing potential
long-term effectiveness of interventions, yet few published
behavior change trials include such follow-ups [26, 46].
Retention of study participants is also crucial to developing
this understanding. Retention of participants in this trial
was 70 % after 6 months of no-intervention contact. Despite
extra attention being paid to participant retention in this trial
(e.g., providing feedback on accelerometer-derived activity
levels and the gratuity given to participants after each com-
pleted assessment), this retention rate is slightly below the
average retention rates across a variety of physical activity
intervention trials of varying length (M=78 %, range=55—
97 %) [47], but similar to the average retention rate of RCTs of
much shorter duration (<13 weeks) involving post-partum
women (average 74 % [12]).

Results of this trial showed that intervention group partic-
ipants did not maintain the improvements observed immedi-
ately post-intervention. This may suggest that skills targeted in
the intervention were not embedded into women'’s lives and/or
were not sustained without the text message prompts. Accu-
mulating evidence suggests that ongoing or extended inter-
vention contact may be required to maintain accountability
and prompt regular use of the learned behavioral skills for
sustained positive changes in behavior to occur [48, 49].
Future iterations of MobileMums will need to identify ways
to extend the intervention effect beyond the 12 weeks of
intense text message contact. This may be facilitated by fur-
ther, less frequent text message contact or by supplementing
the intervention with ongoing contact via other mediated
methods (e.g., Facebook).

Our sensitivity analyses suggest that future iterations of
MobileMums should focus on increasing the proportion of
women who proactively use intervention resources to maxi-
mize impact on physical activity behavior. This could be
achieved through emphasizing the importance of replying to
the weekly goal check text messages during the counseling
sessions or by supplementing the intervention with alternative
methods for enabling engagement (e.g., replying to goal
checks via web or self-monitoring via a smartphone app).

Interestingly, no significant increases in physical activity
frequency or duration were observed in the accelerometer-
derived data. One reason we may not have been able to detect
significant between group effects in the accelerometer-derived
physical activity data is the possibility that all wearers were
sufficiently motivated to do more activity while wearing the
accelerometer, especially at baseline when the novelty of

wearing the device and anticipation of feedback were at its
peak (the Hawthorne effect). This may also explain why
baseline activity levels appear relatively high within the
accelerometer-derived data and thus limited potential to ob-
serve significant change over time in either study group.

The different patterns of behavior change observed be-
tween self-reported and accelerometer-derived physical activ-
ity data may also be explained by differences in their capacity
for measuring physical activity. Since most women in the pilot
study chose to set a SMART exercise goal specific to brisk
walking [28], a measure that could specifically capture walk-
ing was required. The Australian Women’s Activity Survey
asks participants to isolate and recall specific activity domains
(e.g., planned versus work related) and intensities of activity
(e.g., brisk walking) with a level of detail that cannot be
replicated by the accelerometer. While accelerometers are
known to accurately detect MVPA, their sensitivity can nei-
ther be adjusted to individual perceptions of activity intensities
nor account for load bearing while in ambulatory motion such
as pushing a pram or carrying a baby nor can accelerometers
specifically isolate walking from other MVPA. As accelerom-
eters become used more frequently in intervention evalua-
tions, further exploration of the absolute discrepancy between
self-reported and accelerometer-measured physical activity
changes over time may be accommodated [50].

This study was adequately powered to detect between-
group differences in self-reported physical activity outcomes.
The effect of the intervention was also assessed 6 months after
intervention contact ceased: an estimate of intervention effect
maintenance not often seen in intervention evaluation trials.
Limitations of this trial include use of self-report data which
are subject to recall bias, slower than expected recruitment due
to the database of women initially used for recruitment being
outdated (i.e., high proportion not contactable), delays in
implementation of evaluation procedures at each time point
due to women’s busy schedules and unavailability for timely
interview, research assistants may not have been blinded to
participant group allocation during time 2 and 3 follow-up
interviews due to participants inadvertently revealing infor-
mation about their treatment during repeat telephone contacts,
and insufficient power for detecting change in accelerometer-
derived activity data. Nevertheless, based on the findings of
this trial, the MobileMums program was successful in
assisting women with young children to increase their self-
reported physical activity immediately post-intervention.

This trial has advanced our understanding of the efficacy of
MobileMums. The MobileMums program has been thorough-
ly and thoughtfully developed based on existing evidence and
extensive formative work undertaken with the target group
and dissemination partners. It was delivered following sys-
tematic protocols, including a standardized approach to train-
ing the MobileMums behavioral counselors and stepwise
approach to conducting the face-to-face and 6-week telephone
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counseling sessions. The lack of sustained intervention effects
6 months post-intervention suggests that future iterations of
the program should investigate strategies that will enhance
maintenance of the initial program effects. The opportunity for
further developing and integrating the MobileMums program
with other virtual operations is vast. For example, greater
synchronicity between the text-based communications with
women and the other online components, and considering
whether the personalized contacts with women (the initial
and 6-week counseling sessions) may be operationalized on-
line, requires further consideration and research.
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Behavior Change Interventions Delivered by Mobile

Telephone Short-Message Service

Brianna S. Fjeldsoe, BA, Alison L. Marshall, PhD, Yvette D. Miller, PhD

Context:

Evidence
acquisition:

Evidence
synthesis:

Conclusions:

The expansion and adoption of new methods of communication provide new opportuni-
ties for delivering health behavior change interventions. This paper reviews the current
research examining mobile telephone short-message service (SMS) for delivering health
behavior change interventions via text messages. This service has wide population reach,
can be individually tailored, and allows instant delivery with asynchronous receipt,
suggesting potential as a delivery channel for health behavior interventions.

An electronic database search was conducted for studies published between January 1990
and March 2008. Studies were included in the review if they (1) evaluated an intervention
delivered primarily via SMS, (2) assessed change in health behavior using pre—post
assessment, and (3) were published in English in a peerreviewed scientific journal.

Of 33 studies identified, 14 met the inclusion criteria. Four of the 14 studies reviewed
targeted preventive health behaviors (e.g., smoking cessation), and ten focused on clinical
care (e.g., diabetes self-management). Positive behavior change outcomes were observed in
13 of the 14 reviewed studies. Intervention initiation (researcher or participant), SMS
dialogue initiation, tailoring of SMS content, and interactivity were found to be important
features of SMS-delivered interventions. Methodologic issues with current SMS research
were also identified.

This review suggests that SMS-delivered interventions have positive short-term behavioral
outcomes. Further research is required to evaluate interventions for preventive health
behaviors that incorporate features found to affect behavioral outcomes and participant
acceptance. The quality of studies in this emerging field of research needs to improve to
allow the full potential of this medium to be explored.

(Am J Prev Med 2009;36(2):165-173) © 2009 American Journal of Preventive Medicine

Introduction

ecent reviews have focused on the effectiveness of
Rhealt_h behavior change interventions delivered

via telephone’~* and the Internet.>~” Researchers
have suggested exploring other interactive delivery chan-
nels, such as mobile telephone shortmessage service
(SMS) 512 but no systematic reviews have been reported
to date. The aim of this paper is to review the preliminary
evidence of health behavior change interventions deliv-
ered via SMS texting.

Mobile telephones and SMS are becoming integrated
into virtually all aspects of society."””™'® In the U.S. in
2007, approximately 7,000,000,000 SMS messages were
sent every month.'” In developed countries, use of SMS
pervades all age groups,”'®'®19 cultures,'® and socio-
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economic backgrounds.”'® This service allows for in-
stantaneous delivery of short messages (maximum 160
characters) directly to individuals at any time, place, or
setting. These messages are asynchronous, meaning
they can be accessed at a time that suits an individual.
Customized SMS messages can be tailored to individu-
als, which is important given that personally tailored
messages are more effective for health behavior change
than untailored messages.?”~** This medium also allows
for seamless (and quantifiable) interaction between the
participant and the interventionist, so that participant
engagement with the intervention can be monitored
and compared to exposure. Communication with SMS
may also be more cost effective than other telephone or
print-based interventions.'®**

The potential of SMS may be particularly significant
among population groups most likely to use mobile
telephones as their primary means of communication.
The highest level of mobile telephone use is among
adolescents, younger adults, socioeconomically disad-
vantaged populations, less educated young adults, and

people who rent or frequently change addresses.*®™%®

0749-3797/09/%-see front matter 165
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Further, a high level of mobile telephone use is associ-
ated with lower levels of selfrated health,?® higher
BMIL,* and engaging in health-compromising behav-
iors.” Therefore, SMS presents a prime delivery
channel for health behavior change interventions
because it has high penetration in populations of
lower sociodemographic position and populations
with poorer health.

The application of SMS for behavioral intervention
is new. However, there are established research agen-
das for using SMS to remind patients of schedu-
led medical appointments,” ™ coordinate medical
staff,?® deliver medical test results,>®~*® and monitor
patient side effects following treatment.”® This review
analyzes the application of SMS for delivering health
behavior change interventions to establish what can
be learned from research conducted to date and
make recommendations for future research.

Evidence Acquisition

An electronic database search of MEDLINE, PubMed, ERIC,
Web of Science, and PsycINFO was conducted for studies
published between January 1990 and March 2008. The search
terms included: mobile telephone or cell phone, SMS or text
message, health, health intervention, and behavior. The search was
limited to English. For inclusion in the review, studies had to
evaluate an intervention delivered primarily via SMS to
change a health behavior in any population group and have
at least a pre—post design, but they were not required to have
a control group. Because SMS research is in its early stages and
because of the commercial nature of the medium, a number of
studies have been published in so-called gray literature, such as
magazines, newspapers, commercially funded reports, and edi-
torial columns.'®***' This review was limited to critically ap-
praising studies published in peer-reviewed scientific journals.

Eligible articles were independently reviewed; any disagree-
ments in review outcomes were discussed until consensus was
reached among the three authors. During the independent
review process, the following information was extracted from
the eligible articles and tabulated: study design, research
setting, sample size, participant recruitment process, partici-
pant retention rate throughout trial, main outcome, measure-
ment method of main outcome, validity and reliability of
measure, duration of intervention, how SMS dialogue was
initiated, level of SMS interactivity between participant and
researcher, dose of SMS messages received by participant,
additional intervention methods, impact evaluation of main
outcome, and process evaluation of SMS intervention. This
list of study characteristics was based on the requirements
of the Quality of Reporting of Meta-Analyses (QUOROM)
statement.*?

Each study was rated on the level of SMS interactivity between
researcher and participant. These ratings ranged from nil to
high and were based on the number of weekly/monthly SMS
messages each participant was prescribed to send to researchers.
The interactivity ratings were nil (no opportunity for partici-
pants to use SMS with researchers); low (<monthly SMS inter-
action); moderate (<weekly but =monthly SMS interaction); or
high (=weekly SMS interaction). Intervention outcomes were

166 American Journal of Preventive Medicine, Volume 36, Number 2

assessed as having a positive or neutral impact on behavioral
outcomes, and where there was an impact, the study design
(between groups or within group) and significance of effects
were also assessed. To be able to compare outcomes across
studies, effect sizes were calculated for studies that had a control
group and reported sufficient data. Effect sizes were calculated
based on Cohen’s formula®® and were interpreted according to
Cohen’s guidelines of <0.2 for a small effect size, 0.5 for a
medium effect size, and >0.8 for a large effect size.

Thirty-three studies**~”° used SMS as a delivery channel for
health behavior change interventions, and 14976 met the
inclusion criteria for this review (Table 1). Reasons for
exclusion included lack of pre—post study design,**>7 SMS
being used as an adjunct but not as the main method of
intervention delivery,”®=%" and publication in languages
other than English.®"** Numerous studies reported the de-
velopment of SMS programs to change health behav-
iors.***859755 The large number of developmental studies
published in the past year indicates that research into behav-
ior change via SMS is increasing in volume. Of thel4 studies
reviewed, four used SMS for preventive health behavior
change (e.g., smoking cessation)®*7% and ten used SMS to
support ongoing clinical care behavior change (e.g., diabetes
self-management).5"~"%

Evidence Synthesis
Study Designs

Six63:65:67.69.72.78 ¢ the 14 studies were RCTs (Table 1).
One study was a clustered randomized comparative
trial74; one was a randomized crossover trial70; and the
other six®*6%:68.71.75.76 wwere single group, pre—post de-
sign studies. Intervention length ranged from 6 weeks®*
to 1 year.®”% None of the 14 studies collected follow-up
data beyond the end of the intervention period. Most
studies used objective and validated measures to assess
intervention outcomes. Three studies®®®*"® used self-
report measures, and two of these studies reported
the validity and reliability of the survey. Sample sizes
varied greatly among studies, ranging from 107' to
1705.5® Five®36970:73.7 of the 14 studies reported con-
ducting sample size calculations to determine statistical
power. Four®*556976 of the 14 studies implemented
theory-based interventions. Theories used included
Social Cognitive Theory,* Behavioral Self-Regulation
Theory,64 Relapse Prevention,76 and a combination of
social psychological theories.®®

64,76

Study Outcomes

Significant, positive behavioral changes were observed
in eight studies,®*%>°%6870-72 and a further five stud-
ies®407:69-7374 demonstrated positive behavioral trends
but did not have sufficient statistical power to demon-
strate significance (Table 1). One study’® showed no
positive changes in behavior. Most clinical care studies
did not evaluate the behaviors that were targeted in
the intervention (e.g., physical activity, nutrition) and

www.ajpm-online.net
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Table 1. Behavioral interventions using short-message service (SMS)

Study Behavior

Research design and participants

Intervention

Intervention effects

Preventive health behavior studies
Rodgers (2005)°%* Smoking cessation

Obermayer (2004)°"  Smoking cessation

Hurling (2007)%° Physical activity

Joo (2007)%¢ Anti-obesity behavior

modification

Clinical care studies

Vahatalo (2004)%7 Diabetes self-management

Design: RCT

Sample: 1705 smokers

Setting: New Zealand public

Recruitment: proactive

Participant retention: 74%

Main outcome measure: self-report—specific
measure not reported

Design: pre—post pilot study

Sample: 46 smokers

Setting: colleges from the Washington DC
area

Recruitment: proactive

Participant retention: 67%

Main outcome measure: self-report—7-Day
Smoking Reconstruction Form

Design: RCT

Sample: 77 healthy adults

Setting: Bedfordshire, United Kingdom

Recruitment: proactive

Participant retention:100%

Main outcome measure: objective
measure—accelerometer

Design: pre—post design

Sample: 927 healthy adults

Setting: Korean public health clinics

Recruitment: active

Participant retention: 47%

Main outcome measure: objective
measure—scales and stadiometer

Design: nonparallel, non-RCT

Sample: 200 patients with Type 1 diabetes

Setting: Diabetes Outpatient Clinic of Turku
Health Centre, Finland

Recruitment: active

Participant retention:100%

Main outcome measure: objective
measure—HbAlc

SMS initiation: researcher

Format: daily, individually tailored SMS messages
sent providing personalized smoking cessation
advice, support, and distraction

Supplementary materials: nil

Duration: 26 weeks

Interactivity: high®

SMS initiation: researcher

Format: daily, individually tailored SMS sent to
support smoking cessation; frequency of SMS
tapered around nominated quit date

Supplementary materials: interactive website with
feedback and social support facility

Duration: 6 weeks

Interactivity: high

SMS initiation: researcher

Format: tailored SMS offering solutions for
perceived barriers and schedule reminders for
weekly physical activity

Supplementary materials: email and interactive
website with feedback facility; wrist
accelerometers for self-monitoring

Duration: 9 weeks

Interactivity: moderate

SMS initiation: researcher

Format: weekly, untailored behavior change SMS
for nutrition and exercise

Supplementary material
dietitian, weekly brochures mailed to
participants, free access to dumbbells and
pedometers

Duration: 12 weeks

Interactivity: moderate

: initial consult with

SMS initiation: participant

Format: participants sent plasma glucose test
results and received tailored feedback from
doctors.

Supplementary materials: nil

Duration: 12 months

Interactivity: high- moderate

Impact outcomes: more participants reported not smoking in
the intervention group (28%) compared to the control
group (13%) at 6 weeks (p<<0.0001) and 12 weeks (29% vs
19%) (p<<0.0001). At 26 weeks, there was no significant
difference between groups (p=0.4).

Process outcomes: high participant attrition rates in study
evaluation (74% remained at 26 weeks)

Calculated effect size: insufficient data reported

Outcome overview: between group, significant, positive change in
smoking cessation

Impact outcomes: At 6 weeks point, 43% of participants had
made at least one 24-hour attempt to quit, and 22% had quit
based on a 7-day criterion.

Process outcomes: moderately high use and acceptance of
program. Satisfaction with program differed between quitters
(M=4.3) and nonquitters (M=3.2) (p<0.01).

Calculated effect size: NA

Outcome overview: within group, positive change

Impact outcomes: At 9 weeks, the intervention group showed
significantly more moderate-intensity physical activity than
the control group (p=0.02). Average increase in the
intervention group for moderate-intensity physical activity was
2 hours, 18 minutes per week (accelerometer data).

Process outcomes: SMS-specific outcomes not reported. Website
use was high (M=2.9 log-ons per week).

Calculated effect size: 0.82 (moderate-intensity physical activity)

Outcome overview: between group, significant, positive change in
physical activity

Impact outcomes: At 12 weeks, there were mean reductions in
weight (1.6 kg, p<<0.001), waist circumference (4.3 cm,
#<0.001) and BMI (0.6 kg/m?, $<<0.001) in those who
completed the 12-week program.

Process outcomes: 71% of participants who completed the 12-
week program thought it was effective. More than half of
originally recruited participants did not complete the
program.

Calculated effect size: NA

Outcome overview: within group, significant, positive change in
weight reduction

Impact outcomes: Glycemic control (HbAlc) did not change in
intervention patients. A subsample of seven high users (>20
SMS/week) showed a decrease in HbAlc resulting in a 0.75%
difference ($=0.09). Insulin dose of intervention patients
increased significantly ($<0.05).

Process outcomes: low patient interaction with SMS program

Calculated effect size: 0.09 (HbAlc)

0.59 (HbAlc—high users)

Outcome overview: between group, positive change in glycemic
control

(continued on next page)
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Table 1. Behavioral interventions using short-message service (SMS) (continued)

Study

Behavior

Research design and participants

Intervention

Intervention effects

Kwon (2004)%3

Franklin (2006)%°

Rami (2006)7°

Kollman (2007)7!

Kim (2007)72

Diabetes self-management

Diabetes self-management

Diabetes self-management

Diabetes self-management

Diabetes self-management

Design: pre—post design

Sample: 185 diabetic patients

Setting: St. Mary’s Hospital, Korea

Recruitment: proactive

Participant retention: 72%

Main outcome measure: objective
measure— HbAlc

Design: RCT (three groups—control, CIT +
SweetTalk, IIT + SweetTalk)

Sample: 92 pediatric patients with Type 1
diabetes

Setting: Scottish pediatric clinic

Recruitment: proactive

Participant retention: 98%

Main outcome measure: objective
measure— HbAlc

Design: randomized crossover trial

Sample: 36 adolescents with Type 1 diabetes

Setting: diabetes clinic, Vienna, Austria

Recruitment: proactive

Participant retention:100%

Main outcome measure: objective
measure— HbAlc

Design: pre—post pilot study

Sample: 10 patients with Type 1 diabetes

Setting: diabetes clinic, Vienna, Austria

Recruitment: proactive

Participant retention:100%

Main outcome measure: objective
measure— HbAlc

Design: RCT

Sample: 60 patients with Type 2 diabetes

Setting: endocrinology department of
hospital, South Korea

Recruitment: proactive

Participant retention: 85%

Main outcome measure: objective
measure— HbAlc

SMS initiation: participant

Format: participants sent blood glucose level,
medication, number of meals, and exercise to
doctor. Doctor sent individualized
management SMS.

Supplementary materials: interactive website with
feedback facility. Consultations with dietitians
were available to all participants.

Duration: 3 months

Interacti

ity: moderate

SMS initiation: researcher

Format: SweetTalk program sent daily SMS
providing personalized goal-specific prompts
tailored to age, gender, and insulin regimen

Supplementary materials: adapted insulin
therapy for IIT group; goal-setting consult for
CIT and IIT groups

Duration: 12 months

Interactivity: high

SMS initiation: participant

Format: participants sent daily blood glucose
level, insulin doses and carbohydrate intake to
monitoring center via a GPRS. Monitoring
center sent 1 SMS per week with
individualized or generic advice depending on
need for treatment changes.

Supplementary materials: paper diary of symptoms

Duration: 3 months

Interactivity: high

SMS initiation: participant

Format: participants sent daily blood glucose
level, insulin doses, nutrition and physical
activity data to monitoring center. Monitoring
center generated individualized management
SMS.

Supplementary materials: interactive website with
feedback facility

Duration: 3 months

Interactivity: high

SMS initiation: researcher

Format: participants sent data about blood
glucose level and insulin doses via a website.
Staff sent weekly SMS messages with
individualized management strategies.

Supplementary materials: interactive website with
feedback facility

Duration: 12 weeks

Interactivity: moderate

Impact outcomes: Mean HbAlc improved from 7.5 (*1.5) to 7.0
(%£1.1) after the intervention (p=0.003). Lipid profiles also
improved after the intervention.

Process outcomes: participant compliance with SMS program was
72%. Satisfaction with SMS program was good.

Calculated effect size: NA

Outcome overview: within group, significant, positive change in
HbAlc levels

Impact outcomes: At 12 months, HbAlc did not change in the
control or CIT groups, but did change in the IIT group
(9.2%£2.2%, CI=-1.9, 0.5, p<<0.001). SweetTalk was associated
with improvements in diabetes self-efficacy (<<0.003) and self-
reported adherence to insulin regimen ($<0.042).

Process outcomes: 72% felt SweetTalk helped manage their
diabetes; 90% wanted to continue receiving SMS.

Calculated effect size: 0.12 (HbAlc—CIT)

0.56 (HbAlc—IIT)

Outcome overview: between group, positive change in HbAlc levels

Impact outcomes: At 3 months, HbAlc significantly improved
during the intervention phase for both groups ($<0.05).

Process outcomes: There were technical problems with GPRS
access for some participants. Most participants rated the
program as useful and reported it took less than 1 minute to
send their daily data via SMS.

Calculated effect size: insufficient data reported

Outcome overview: between group, significant, positive change
in HbAlc levels

Impact outcomes: At 3 months, there was a significant
improvement in metabolic control (from 7.9% to 7.5%,
$=0.02) and a nonsignificant improvement in average blood
glucose level.

Process outcomes: average of 14 parameters transmitted per day
per participant

Calculated effect size: NA

Outcome overview: within group, significant, positive change in
metabolic control

Impact outcomes: At 12 weeks, there was a significant difference
in mean HbAlc decrease between the intervention group
(1.15% decrease) and control group (0.07% decrease)
($=0.005).

Process outcomes: not reported

Calculated effect size: 0.75 (HbAlc)

Outcome overview: between group, significant, positive change
in HbAlc levels

(continued on next page)
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Table 1. (continued)

Study Behavior

Research design and participants

Intervention

Intervention effects

Ostojic (2005)™

Marquez (2004)7*
compliance

Logan (2007)™ Hypertension self-
management in

diabetic patients

Robinson (2006)7® Bulimia nervosa

outpatient care

Asthma self-management

Hypertension medication

Design: RCT

Sample: 16 asthma patients

Setting: Croatian asthma clinic

Recruitment: active

Participant retention:100%

Main outcome measure: objective
measure— PEF

Design: randomized cluster comparative trial

Sample: 104 patients with uncontrolled HTN

Setting: 26 primary healthcare centers in
Spain

Recruitment: active

Participant retention: 64%

Main outcome measure: objective
measure—count tablets and BP

Design: Pre—post pilot study

Sample: 33 patients with Type 2 diabetes
and uncontrolled ambulatory BP

Setting: 25 family physicians in Toronto and
us.

Recruitment: proactive

Participant retention: 94%

Main outcome measure: objective
measure—BP

Design: pre—post design

Sample: 21 patients diagnosed with bulimia
nervosa

Setting: London outpatient clinic

Recruitment: proactive

Participant retention: 43%

Main outcome measure: self-report—Short
Evaluation of Eating Disorders

SMS Initiation: participant

Format: Participants sent daily PEF measures to
doctor and received reply of tips and
education.

Supplementary materials: consultation with
medical staff, paper diary to record asthma
symptoms, PEF

Duration: 16 weeks

Interactivity: moderate

SMS initiation: researcher

Format: 2 SMS messages/week sent to
participants about “good health,” nutrition,
medication reminders, and advice

Supplementary materials: printed information
about HTN

Duration: 6 months

Interactivity: nil

SMS initiation: participant

Format: participants reported 2 consecutive BP
readings twice daily for 2 days per week to
local physician. Tailored recommendations
were sent to patients.

Supplementary materials: nil

Duration: 4 months

Interactivity: high

SMS initiation: participant
Format: Participants sent weekly updates of

bulimic symptoms and received a tailored SMS

offering support.
Supplementary materials: nil
Duration: 6 months
Interactivity: low

Impact outcomes: At 16 weeks, no difference in PEF between
groups at any time of the day (morning, afternoon, or
evening). PEF variability was significantly reduced in
intervention group (16.12%) compared to the control group
(27.24%) (p= 0.049). Control group had significantly higher
scores for coughs ($<<0.05) and night symptoms (p<0.05)
than intervention group.

Process outcomes: Participant compliance with SMS
transmission of PEF was 99%.

Calculated effect size: 1.38 (PEF variability)

Outcome overview: between group, positive change in PEF

Impact outcomes: At 6 months, there were no significant
differences in medication compliance between intervention
(89.5%) and control groups (78.9%). There were no
significant differences in blood pressure between groups at 6
months, but positive trend in intervention group.

Process outcomes: none reported

Calculated effect size: 0.50 (medication compliance)

0.09 (systolic BP); 0.22 (diastolic BP)

Outcome overview: between group, positive change for
BP control

Impact outcomes: Both ambulatory BP (p<<0.001) and 2-week
average home BP (0=0.005) showed significant improvement
following pilot study.

Process outcomes: Number of BP reports was higher than
requested of the patients but did drop over the 4 months
(11.6 per week to 10.5 per week).

Calculated effect size: NA

Outcome overview: within group, significant, positive change
in BP

Impact outcomes: no significant symptom change between
pre- and post-intervention

Process outcomes: Program use was low and attrition rates
were high.

Calculated effect size: NA

Outcome overview: within group, no change

“High interactivity: =weekly SMS interaction; moderate interactivity: <weekly but =monthly SMS interaction; low interactivity: <monthly SMS interaction
BP, blood pressure; CIT, conventional insulin therapy; GPRS, General Packet Radio Service; HTN, hypertension; IIT, intensiv

insulin therapy; NA, not applicable for study design; PEF, peak expiratory flow



instead evaluated the health outcomes of the interven-
tion (e.g., blood glucose levels, peak expiratory flow).

Of the eight studies®®6>676970.72-74 ith a control
group, six®>°7972-7 renorted sufficient data to enable
effect sizes to be calculated. The range of effect sizes
was 0.0957 to 1.38”® (Table 1). Based on Cohen’s
guidelines,” four of the six calculated effect sizes were
classified as medium’*™* or large effects.®>”® The cal-
culated effect sizes for the other two studies were
classified as small (0.0967 and 0.12%%). However, both of
these studies reported stronger findings for a subgroup
of participants who either were more actively engaged
in the SMS intervention®” or received a more intensive
complimentary treatment.”” When effect sizes were
calculated for these subgroups, both had effect sizes
classified as medium (0.59°” and 0.56°).

Process outcomes were poorly evaluated in most
studies. Participant retention ranged from 43% to
100% (Table 1). There was great variability in partici-
pant compliance and acceptance of SMS programs
across studies. One study reported that participants
wanted to continue the SMS program after the trial had
been completed.®

Specific SMS Characteristics

Mode of intervention initiation varied among studies.
Twelve programs®~"® were initiated by a face-to-face
meeting with a health professional; the others used
SMS to initiate the program and gain participant
consent,63 or an interactive website.®* There were
also differences in the initiation of SMS dialogue. In
seven stllditasf"?’_66’69’72’74 the researchers initiated the
SMS dialogue and participants were able to respond
(researcher-initiated technique). In the other seven stud-
s, 5708 70.7LT8.75.76 participants initiated the SMS dialogue
and then the researchers responded (participant-initiated
technique). There were no clear differences in interven-
tion outcomes based on SMS dialogue initiation. How-
ever, all the preventive health behavior studies used
researcher-initiated techniques, and most of the tertiary-
level interventions used participantinitiated techniques.

The frequency of SMS transmission reflected the
expected frequency of the targeted behavior (e.g.,
smoking [5/day], physical activity [5/week]) for all but
three studies.®®"*"* Most of the interventions provided
personally tailored SMS, except two studies®®”* that
used bulk, untailored SMS. Tailoring variables included
participant’s name or nickname, nominated support
person’s name, age, gender, behavioral history, behav-
ioral preferences, behavioral goals, behavioral barriers,
previous SMS responses, and medical status. The two
studies®®”* that used untailored SMS were in the top
three for highest participant attrition.

Some studies supplemented SMS-delivered compo-
nents with other intervention strategies or materials,
such as interactive websites,**%>%%71-72 3 paper diary to

170 American Journal of Preventive Medicine, Volume 36, Number 2

record symptoms,”*”® consultation sessions with health
professionals,’®%%%7% or printed materials.>”* Evalua-
tion and reporting of the uptake and behavioral out-
comes of these separate intervention strategies were
poor.

Most studies allowed moderate to high SMS interac-
tion between participants and researchers. One study”*
had no SMS interaction with participants. However, it is
difficult to compare interaction levels across studies
because some interventions offered other channels of
interaction (e.g., websites or clinical visits).

Discussion

This review draws together the preliminary evidence of
delivering health behavior change interventions via
SMS. Most studies conducted to date have focused on
clinical care interventions, using SMS as a reminder to
increase adherence to treatment programs among sick
individuals. Fewer studies have focused on promoting
preventive health behaviors to healthy individuals
through SMS. Of the 14 SMS reviewed interventions, 13
demonstrated positive behavior changes, although
some studies were too statistically underpowered to
show significant results.

It is important at this early stage of research to
acknowledge the limited number of high-quality SMS
intervention studies. The broad range of study designs
used and the varying use of specific SMS characteristics
in interventions limit the conclusions that can be drawn
from this review but at the same time highlight the
importance of improving the quality and rigor of future
research in this area.

Future studies should use adequate sample sizes to
provide sufficient statistical power for detecting hypoth-
esized effects and should explicitly report the calcula-
tions performed to estimate power. Although it is
recognized that some of the reviewed studies were pilot
tests or feasibility studies, positive effects need to be
rigorously evaluated in larger follow-up trials that test
the efficacy of the intervention in more-representative
samples. Assessment of the maintenance of behavioral
effects after the intervention period is another impor-
tant focus for future research. Future studies should
also report on process measures associated with inter-
vention delivery, such as number of sent SMS messages,
number of SMS replies, how participants treated re-
ceived SMS messages, and how stored SMS messages
are treated. In some reviewed studies, it was also
difficult to determine the relative impact of the SMS
strategy because it was evaluated as an adjunct rather
than as a comprehensive strategy. Future research
should explore SMS as a primary means of intervention
and report on appropriate process outcomes.

A strength of the current research is the use of
objective and validated measures. This is important to
ensure that the behavioral outcomes of SMS-delivered

www.ajpm-online.net



interventions are accurately assessed, and this should
be maintained in future research. A major evaluation
problem in the current literature is the lack of assess-
ment of intervention effects on targeted behaviors.
Most clinical care studies failed to measure the behav-
iors targeted in the intervention, even though these
outcomes are more proximal to intervention exposure
than health outcomes. This has serious consequences
as it prevents assessment of the intervention effects on
the targeted behaviors that are hypothesized to cause
subsequent health benefits.

Future studies should explicitly describe the theoret-
ical constructs being targeted in interventions. This will
assist further testing and development of behavior
change theory as it applies to this new medium. The
lack of theory-based interventions in this review may
reflect the current focus of SMS interventions on
clinical care rather than on preventive health behavior
change.

Another area for future research is the variations in
the use of specific SMS characteristics across interven-
tions. Characteristics of SMS of interest in the current
literature include mode of intervention initiation, ini-
tiation of SMS dialogue, tailoring of SMS content, and
the opportunity for SMS interaction between partici-
pants and researchers. Because this research field is in
the early stages of development and because of the
study designs used, it is difficult to determine the
impacts that these specific SMS characteristics may have
on behavioral outcomes. However, it is important to
acknowledge that these issues are specific to SMS
interventions, and if this field of research is to progress,
the importance of these SMS characteristics needs to be
explored further.

Intervention initiation methods differed between
clinical care interventions and preventive health behav-
ior interventions. Clinical care interventions involve
patients already engaged in the health system because
of illness or disease and thus focus on better managing
their treatment. As such, clinical care interventions are
often initiated face-to-face because patients are consult-
ing with health professionals. In contrast, preventive
health behavior interventions require delivery channels
that can reach mass populations of healthy individuals
who may not be engaged with health professionals. Two
of the preventive health behavior studies in this review
demonstrated methods of intervention initiation that
could be feasible for population-wide dissemination—a
registration website®® and registration SMS.®® In both
cases, these initiation methods provided sufficient com-
munication to allow for informed participant consent,
personal information for tailoring SMS, and instruc-
tions for how to use the program.

Initiation of the SMS dialogue also differed between
clinical care and preventive health behavior interven-
tions. All the preventive health behavior interventions
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in this review used researcher-initiated SMS dialogue,
whereas the majority of the clinical care interventions
used participant-initiated techniques. Participants in
preventive health behavior interventions may not be
motivated to initiate dialogue because they are healthy,
unlike participants in need of clinical care intervention
who are accustomed to regularly reporting to health
professionals about their health status. Initiation meth-
ods may play an important role in participants’ percep-
tions of personal invasion and behavioral control,
which may affect behavioral outcomes. Therefore, the
SMS initiation method may be an important interven-
tion element to explore further in terms of relative
behavior change outcomes.

It is well established that tailored health messages are
more engaging and effective at changing behavior than
untailored, bulk messages.”'* All but two studies in
this review used tailored SMS. The two studies®®”*
using untailored SMS targeted a wide range of behav-
ioral changes (e.g., physical activity, nutrition, medica-
tion compliance, smoking, alcohol consumption) and
were among the studies with the highest participant
attrition. This finding may support the notion that
untailored health messages are less engaging for par-
ticipants. Because participant engagement and reten-
tion are critical factors in successful behavior change
research, it is important to further investigate the
impact of tailoring content in SMS research.

Interactivity and responsiveness to participants’
needs, a potential feature of SMS-delivered interven-
tions, may improve the outcomes of behavior change
' One reviewed study’® did not allow
interaction with participants, and that study had poor
participant retention, which may have been associated
with poor participant engagement. Interactivity of in-
terventions was poorly reported and was often difficult
to quantify because of the potential influence of other
forms of interaction with participants (e.g., websites).
The effect of interactivity of SMS-delivered interven-
tions needs to be explored further to determine the
optimal level of interaction for successful behavior
change.

Although first-generation studies have demonstrated
the potential of delivering health behavior change
interventions via SMS, there is still much to be learned
about optimizing and enhancing this intervention
channel. Research on the effects of specific SMS char-
acteristics is now required to better understand the
potential of this new medium. Consideration of the
methodologic issues highlighted in this review is
needed to improve the quality of research in this field.
These issues need to be considered promptly to allow
scientific knowledge to develop at a pace in keeping
with the rapid advancement of SMS technologic capa-
bilities and reach.

. . 1
interventions.
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Abstract

Background: Women with young children (under 5 years) are a key population group for physical activity
intervention. Previous evidence highlights the need for individually tailored programs with flexible delivery
mechanisms for this group. Our previous pilot study suggested that an intervention primarily delivered via mobile
phone text messaging (MobileMums) increased self reported physical activity in women with young children. An
improved version of the MobileMums program is being compared with a minimal contact control group in a large
randomised controlled trial (RCT).

Methods/design: This RCT will evaluate the efficacy, feasibility and acceptability, cost effectiveness, mediators and
moderators of the MobileMums program. Primary (moderate vigorous physical activity) and secondary (intervention
implementation data, health service use costs, intervention costs, health benefits, theoretical constructs) outcomes
are assessed at baseline, 3 months (end of intervention) and 9 months (following 6 month no contact: maintenance
period).

The intervention commences with a face to face session with a behavioural counsellor to initiate rapport and
gather information for tailoring the 12 week text message program. During the program participants also have
access to a: MobileMums Participant Handbook, MobileMums refrigerator magnet, MobileMums Facebook® group,
and a MobileMums website with a searchable, on line exercise directory. A nominated support person also receives
text messages for 12 weeks encouraging them to offer their MobileMum sodial support for physical activity.
Discussion: Results of this trial will determine the efficacy and cost effectiveness of the MobileMums program, and
the feasibility of delivering it in a community setting. It will inform the broader literature of physical activity
interventions for women with young children and determine whether further investment in the translation of the
program is warranted.
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(ACTRN12611000481976).
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Background

Evidence is constantly emerging to support the role of
physical activity in the prevention and management of
chronic disease [1]. Most developed countries now have
public health guidelines for promoting physical activity
in adults, yet surveillance data in most countries reveal
low guideline compliance [e.g. [2,3]. In Australia, most
adults report insufficient levels of physical activity and
this guideline deficit is greater in women (62%) than in
men (58%) [4]. Australian women with young children
(under 5 years old) are less active than women of the
same age without children [5] and women with older
children [6-8].

Importantly, most women with young children believe
in the health benefits that can accumulate from regular
physical activity [9-11]. However, previous studies have
shown that women with young children lack confidence
in being able to include physical activity in their daily
lives. Their confidence is eroded by perceived barriers
(such as limited access to child care or a lack of instru-
mental support from their partner) and ideological influ-
ences (like their sense of commitment to care for others
which leaves them with less time to pursue individual
needs) [10-12]. These issues may be overcome by pro-
grams that respect women’s multiple roles and provide
them with specific cognitive and behavioural skills to
overcome barriers and increase their confidence to pri-
oritise physical activity.

Theory-based, individually tailored programs have
demonstrated success at increasing physical activity of
women with young children [10,13-16]. Previous inter-
ventions in this population group have been predomin-
antly delivered by face-to-face contact in either group
[13,15,17,18] or individual sessions [16,19]. Although
generally effective at increasing physical activity, the evi-
dence from these trials suggests that the requirement for
regular face-to-face contact may reduce program attend-
ance [17,20-22]. More recently, researchers have started
evaluating broad reach interventions in this population
group, using telephone counselling and/or email contact
to increase physical activity [23,24]. Emerging research
using these mediated (non face-to-face) delivery modes
is critical to advancing physical activity interventions for
women with young children because it can address
issues such as: reaching women from less advantaged
backgrounds and across geographic areas; reducing the
burden on women accessing programs in structured
face-to-face settings; and importantly for public health,
potentially reducing the cost of program delivery.

We have spent several years developing MobileMums,
a theory-based, tailored physical activity program that
responds to the needs of women with young children
and is primarily delivered via mobile telephone text mes-
saging [25-27]. In our previous pilot study we found that
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MobileMums produced short-term (end-of-interven-
tion) increases in the frequency of self-reported
moderate-vigorous physical activity [27]. The women in
the pilot study were engaged with the program and sat-
isfied that it supported them to increase their physical
activity [27]. However, this previous trial: was not ad-
equately powered for examining effects on minutes per
week of moderate-vigorous physical activity, did not in-
clude a cost-effectiveness analysis, did not include ob-
jective measurement of physical activity, and did not
assess the longer-term maintenance of the intervention
after contact finished. This paper describes the methods
of a trial designed to evaluate the efficacy and cost-
effectiveness of an improved version of MobileMums
(improvements detailed elsewhere [25]) as an interven-
tion to increase the moderate-vigorous physical activity
of Australian women with young children. The specific re-
search questions (RQ) being addressed in this randomised
controlled trial are:

e RQL. Does an improved version of MobileMums
result in increased levels of moderate-vigorous
physical activity?

e RQ2. Is an improved version of MobileMums
feasible to deliver and acceptable to participants?

e RQ3. Is MobileMums a cost-effective use of health
resources?

e RQ4. What mediated the effect of MobileMums on
moderate-vigorous physical activity?

e RQ5. What moderated the effect of MobileMums on
moderate-vigorous physical activity?

The results from this trial will provide researchers and
community stakeholders with a comprehensive evalu-
ation of the impact of MobileMums and importantly, in
the context of limited public health resources and the
mediated intervention approach, the potential cost-
effectiveness of translating this program into practice.

Methods

Study design

MobileMums is being evaluated in a 9-month, two-arm
community-based randomised controlled trial. Partici-
pants are recruited on a rolling basis and randomly allo-
cated to one of two study groups: the MobileMums
intervention group or usual care control group. Data are
collected before the program begins (T1), immediately
post-intervention (T2, 3 months post baseline), and after
a 6-month no contact maintenance period (T3, 9 months
post baseline). The final T3 data were collected in
December 2012, and the trial is ongoing with further
qualitative assessment of program impact. The trial was
designed and will be reported in accordance with the
CONSORT guidelines for reporting randomised controlled
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trials [28], and is registered with the Australian New
Zealand Clinical Trials Registry (ACTRN12611000481976).
Ethical clearance for this research was obtained through
the Queensland University of Technology Human Re-
search Ethics Committee.

Setting

Women with young children were recruited from within
a 30 kilometre radius of the Caboolture central business
district. Caboolture is located 45 kilometres north of
Brisbane, Australia, and had approximately 59,000 resi-
dents in 2011 [29]. Caboolture was chosen because it is
socio-economically diverse and has a high proportion of
women with young children compared with the rest of
Australia [29]. This region was also chosen because our
research team is involved in an ongoing maternal health
partnership with local health service and community or-
ganisations. Therefore, if MobileMums is found to be
cost-effective, the results from this trial can directly in-
form the translation of the program within this existing
partnership.

Participant eligibility and recruitment
Women were recruited via one of three methods:

1) An existing database of women with young children
who had participated in community surveys about
infant and maternal health outcomes in 2006 and
had consented to being re-contacted about future
research. Each woman was mailed an invitation to
participate, which was followed by a personalised
text message and telephone call to determine their
interest and eligibility.

2) Women were sent an invitation to participate via the
Caboolture Early Years Centre Facebook® group.
This message was not personally tailored but
provided details of the study and asked women to
contact research staff via telephone or email.

3) A second database of women with young children
who had participated in a survey about maternal
health in 2010 and consented to be contacted for
further research were mailed an invitation to
participate by the Queensland Centre for Mothers &
Babies on behalf of the research team. We were not
able to contact these women via text message or
telephone, so were limited to those who contacted
the research staff via telephone, email or reply paid
letter in response to the mailed invitation.

Women’s eligibility to participate was assessed via tele-
phone interview. To be eligible, women must: have at
least one child aged 5 years or younger; own a mobile
telephone; not be pregnant at the time of consent (par-
ticipants remained eligible if they fell pregnant during
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the 9-month trial); live within the designated residential
area (defined above) and plan to live there for the next
12 months; and, be able to read and understand English.
Any woman who had been advised not to exercise by
her doctor was first required to receive their doctor’s
clearance before participating. Once eligibility was
established, women provided informed verbal consent
over the telephone.

Randomisation

In order to achieve similar groups, subjects were ran-
domised in strata according to their baseline physical ac-
tivity. Baseline physical activity was determined using T1
data from a single item physical activity assessment. The
question asks participants to indicate (on a scale from
0-7 days) how many days per week (in the past 3-
months) they “exercised for at least 30-minutes”. This
single-item question has acceptable criterion validity
against Actigraph GT1M accelerometer data (r°=0.38,
p<0.001) for assessing days per week of at least 30-
minutes of moderate-vigorous physical activity in women
with young children. We used the data from this brief as-
sessment for stratifying randomisation and not the more
detailed T1 physical activity data as the brief assessment is
more likely to be used by health agencies in the future to
identify potential participants. Each participant was classi-
fied as either: not at all active (exercised 0 days per week);
somewhat active (exercised between 1 and 4 days per
week) or sufficiently active (exercised 5 days or more per
week). Randomisation was managed by the project coord-
inator using lists created by the R software package using
random permuted blocks of size ten.

MobileMums program

MobileMums was developed based on a five step itera-
tive process involving a review of relevant literature and
theory, and quantitative and qualitative formative re-
search with the target group [25]. Each component of
the MobileMums intervention operationalises at least
one construct of the Social Cognitive Theory (self effi-
cacy, goal setting skills, outcome expectancies, social
support and perceived environmental opportunity) into
a behaviour change technique [25].

Full details of the intervention development process
and intricacies of each intervention component are
beyond the scope of this manuscript and thus are pro-
vided elsewhere [25]. Briefly however, the MobileMums
program begins with an initial face-to-face session with a
trained MobileMums behavioural counsellor, at which the
participants receive a MobileMums Participant Hand-
book, a MobileMums refrigerator magnet and informa-
tion brochures, and details for accessing a dedicated
MobileMums Facebook® group and a MobileMums
website with a searchable, on-line exercise directory.
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Thereafter, participants receive 12 weeks of tailored
theory-based text messages and a follow-up telephone
counselling session with their behavioural counsellor at
6 weeks (mid-intervention). Each participant is asked to
identify a MobileMums support person. The consenting
support person also receives 12 weeks of personalised,
theory-based text messages encouraging them to offer
instrumental, emotional, or informational support to
their MobileMum.

Initial face-to-face counselling session

The aim of this session is to establish rapport between
the participant and their MobileMums counsellor, to
collect information to tailor the text messages content,
identify a support person, and to initiate the behaviour
change process. Participants are guided to: reflect on
their previous physical activity patterns; identify ex-
pected outcomes of being active; set a SMART physical
activity goal and reward for reaching their goal; identify
barriers to reaching their goal and strategies to over-
come them; and, to identify required support for
reaching their goal and a specific person to be their
MobileMums support person. To meet the needs of
participants this session occurs at a time and location
identified by the participant (e.g., their home) and lasts
between 25 and 45 minutes.

MobileMums text messages

Participants receive 52 text messages over the 12-week
program: five text messages per week for the first four
weeks, and four text messages per week thereafter. Text
messages include one ‘goal check message’ sent every
Monday. The goal check message asks the participant to
respond “yes” or “no” to a message asking whether she
met her goal last week or not (e.g., Jenny did u do all ur
planned exercise last wk? Check ur planner magnet &
text me back yes or no. Jacqui-MobileMums). Once she
responds, she is sent a behaviourally-appropriate reply
from her MobileMums counsellor (the goal check reply
is in addition to the four or five text messages sent each
week). Each text message is personalised using the
participant’s preferred name and signed off by their
MobileMums counsellor’s name. All text messages are
tailored to at least one specific Social Cognitive Theory
construct (see Table 1) and where appropriate also to
the women’s goal, her neighbourhood, her preferred
reward or her expected outcomes for reaching her goal.
In addition, where appropriate the text messages word-
ing is tailored to the: participant’s youngest child’s name
and the support person’s name and gender. The text
messages often referred women to other intervention
resources such as the Facebook® group, website or
handbook.

Page 4 of 10

Table 1 Examples of how theoretical constructs are
targeted by MobileMums text messages

Social cognitive
theory construct

Example text message

Barrier self efficacy Jenny take a minute 2 think about how much
better u feel after an exercise session. Remember
this next time u don't feel like doing it.

Jacqui MobileMums

Outcome
expectancy

Jenny. Don't feel guilty 4 taking time out 2 exercise,
mums say they r more patient & understanding
because they exercise. Jacqui MobileMums

Goal setting skills  Jenny, its OK 2 miss a day now & then, we all do.
The trick is 2 get back in2 it ASAP. Review the
strategies we planned in ur handbook.

Jacqui MobileMums

Social support Jenny. Remember Luke wants 2 support u. Make
sure he knows what ur MobileMums goal is & what

he can do 2 help u meet it. Jacqui MobileMums

Perceived Hi Jenny. MobileMums r enjoying aqua aerobics at
environmental Redcliffe Aquatic Centre. Tues & Thurs 4 pm. Costs
opportunity $6.50. Childcare available. Jacqui MobileMums

Support person text messages

The support person is sent three text messages per
week. Every second week one of these text messages is
tailored to how or whether their MobileMum participant
responded to their weekly goal check (e.g., Luke, con-
gratulate Jenny. She met her goal last wk. Can u help
make time 4 her reward? Its a bubble bath. Jacqui-
MobileMums).

Week 6 telephone counselling session

During Week 6 participants receive a telephone counsel-
ling call from their MobileMums counsellor. The aim of
this follow-up session is to update the participant’s exer-
cise goals and strategies in order to refine the tailoring
content of the text messages sent in Weeks 7-12.

Other resources

Throughout the program participants have ongoing
access to their MobileMums Participant Handbook,
MobileMums website with searchable, on-line exercise
directory, MobileMums Facebook® group, MobileMums
refrigerator magnet, and the state-of-the-art informa-
tion brochures, all of which they receive at the initial
face-to-face consult.

Usual care control group

Women in the control group receive brief written feed-
back on their physical activity levels (based on acceler-
ometer data) following each assessment. At baseline,
they also receive standard print materials that encourage
physical activity. They do not receive any contact with
the behavioural counsellor, but do have access to the
MobileMums website and a separate, non-moderated
Facebook® group that only control participants can
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access. The treatment of this study group was meant to
reflect the standard minimal care that our partner orga-
nisations could feasibly deliver without specific funding
(e.g., standard print materials and non-moderated
Facebook® access), with the exception of accelerometer
feedback, which was included to increase participant
compliance with assessment procedures and reduce
study attrition.

Data collection procedures

Data are being collected via objective activity monitors
(accelerometers), self-administered questionnaire and
telephone interview. At each data collection point, par-
ticipants are sent an assessment package via registered
Express Post that contains: an introductory letter; an
accelerometer; an accelerometer wear-time logbook; a
reply paid registered Express Post mailbag; a self-
complete questionnaire; and, an instruction/reference
sheet for use during the telephone interview. Two days
after the assessment package is sent, the participant is
telephoned by research staff to determine if the package
has arrived and: 1) provide verbal instruction on how to
wear the accelerometer and complete the accelerometer
wear-time logbook and questionnaire; and, 2) schedule a
time to complete the telephone interview. Three days
after the agreed start date for wearing the accelerometer
a courtesy phone call is made to ensure correct wear
time and placement. A third phone call is made on the
expected seventh wear day to prompt efficient return of
the accelerometer in the reply paid mailbag. If conveni-
ent for the participant, the telephone interview is com-
pleted during one of the accelerometer check-in calls;
otherwise a separate time convenient to the woman is
arranged.

The same data collection procedures are used at both
follow-up assessments; however, superfluous socio-
demographic variables collected at baseline were re-
moved, and replaced with items to assess participant’s
recall, use and satisfaction with the program. All partici-
pants receive a nominal gratuity ($20 gift voucher) for
each completed assessment to recognise their contribu-
tion to the research.

Primary outcome

The primary outcome is change in moderate-vigorous
physical activity (RQ 1). This outcome is being assessed
objectively by accelerometer and subjectively through a
telephone-administered questionnaire. The accelerom-
eter provides an objective estimate of total accumulated
moderate-vigorous physical activity, whereas the self-
report questionnaire assesses specific types of moderate-
vigorous activity (e.g., brisk walking for exercise). It was
important for us to include this self-reported measure of
women’s activity, since most women in the pilot study
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chose to set a SMART exercise goal specific to brisk walk-
ing [27], and the accelerometers cannot isolate walking
from other moderate intensity activity. Also, MobileMums
targets increases in structured, leisure-time physical activ-
ity, and the self-report measure allows us to examine activ-
ity reported within this domain, while the accelerometer
does not differentiate between activity domains.

Accelerometer

Total accumulated moderate-vigorous physical activity is
being assessed using data from Actigraph GT1M accel-
erometers (Actigraph, LLC, Fort Walton Beach, Florida).
Each accelerometer is about the size and shape of a
matchbox and is worn on an elastic belt around the
waist. It collects data that can be extrapolated into time
spent being active (minutes/week) at different intensity
levels. Participants are asked to wear it for all waking
hours (minimum 10 hours per day) for seven consecu-
tive days, removing it only for sleep or water-based ac-
tivities. They are asked to record each time they put the
accelerometer on or off, as well as any non-wear activ-
ities (e.g. water-based activities) in their accelerometer
wear-time logbook. The logbook included detailed instruc-
tions (with photographs) of how to wear the accelerom-
eter. The accelerometer is set to record data in 1-minute
epochs, which will provide output in counts per minute
(cpm). Based on a combination of the wear-time logs and
the accelerometer data, invalid days of observation (days
with < 10 hours wear or excessive counts > 20,000 cpm)
will be discarded. Moderate-intensity activity (1952 to
5724 cpm), and vigorous-intensity activity (= 5725 cpm)
time will be calculated based on standardised cut-points
[30]. Data will be reported as averages for valid days and
will be summarised to indicate minutes per week of
moderate-vigorous activity. The data collection and ana-
lytic protocol proposed for this data comply with the best-
practice guidelines for conducting accelerometer-based
activity assessments in field-based research [31].

Questionnaire

The Australian Women’s Activity Survey (AWAS) is
administered during the telephone interview and was de-
veloped to specifically assess physical activity among
women with young children [32]. The AWAS assesses
women’s typical weekly activity in the past month across
five domains (planned, transport, childcare, domestic
and work-related) and three intensity levels (light, mod-
erate and vigorous). The interview-administered AWAS
has good test-retest reliability (ICC=0.80 (0.65-0.89))
and acceptable criterion validity (compared to acceler-
ometer data; r°=0.28, p=0.01) for measuring planned
weekly physical activity among women with young chil-
dren [32]. The key variables that will be extracted from
the AWAS are: minutes per week of Planned Moderate-
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Vigorous Physical Activity; and, minutes per week of
Brisk Walking for Exercise. The research staff adminis-
tering the AWAS received training and conducted role
plays before collecting participant data. Throughout the
trial, research staff record (with participant consent) two
telephone interviews on three separate occasions. A
study investigator (BF) listens to these recordings and
provides feedback on the AWAS administration in an
attempt to increase script fidelity and reduce inter-
interviewer variability.

Secondary outcomes

Secondary outcomes are: program feasibility and par-
ticipant reports of program acceptability (RQ2); cost-
effectiveness (RQ3); potential mediators (RQ4); and,
moderators (RQ5).

Program feasibility

Intervention implementation data are assessed through
either participant’s self-report in the paper questionnaire
(i.e., treatment of text messages, use of MobileMums
refrigerator magnet) or through objective tracking of
delivery data (i.e., duration of initial counselling session,
number of text messages sent/received, number of goal
check text message responses received, number of
Facebook® posts, and website usage).

Program acceptability

Participants’ recall of, use and satisfaction with the pro-
gram are assessed using self-report items used previously
by the investigators [10,27]. Participant responses to the
goal check text messages, any unprompted text messages
sent by participants, and any additional communication
with the behavioural counsellor was monitored [27]. Par-
ticipants are also asked to describe the MobileMums
program in one sentence to provide an unfettered quali-
tative assessment of the program.

Cost-effectiveness

Participant-reported use of health care services is
assessed in the telephone interview at each data collec-
tion point. Participants were asked if they have had any
consultations for: their own health with various health
professionals; any visits to accident and emergency
department; visits by home health nurses; hospital ad-
missions (plus length of stay); and, any other costs asso-
ciated with taking up any form of physical activity. Costs
associated with any reported health service use will be
estimated from the Commonwealth Government sched-
ule of re-imbursements [33]. Additional costs associated
with program delivery (e.g., computer/database, print
materials, text messages, behavioural counsellor time,
and other staff costs) were monitored by research staff.
Health benefits are collected in the self-administered
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paper questionnaire at each data collection point using
the SF-12v2™ Health Survey [34]. The SF-12 data will be
converted to SF-6D utility scores using an established al-
gorithm [35,36]. The SF-6D provides a preference-based
value of health benefits derived from standard questions,
and a valid estimate of Quality Adjusted Life Years
(QALYs) [37]. Change in QALYs will be used as an esti-
mate of health benefit. In line with current theory and
recommendations, participant-based production losses
will not be included on the cost side of the analysis but
(implicitly) counted within the QALY estimation [37,38].

Theoretical mediators

The MobileMums program is grounded in Social Cogni-
tive Theory and the intervention strategies target change
in the specific theoretical constructs proposed [25],
therefore the following five constructs are being evaluated
as potential mediators via the self-administered question-
naire at each data collection point. Physical activity bar-
rier self efficacy is assessed on a 5-point Likert scale (from
1 ‘not at all confident’ to 5 ‘very confident’), using a 12-
item tool adapted from a previous scale [39]. Our version
includes two additional items for postnatal women (i.e., I
could exercise even when: ‘I don’t have anyone to look
after the kids’; ‘T have housework to do’). This adapted ver-
sion of the scale has demonstrated sensitivity to change
among postnatal women [10,26] and had acceptable in-
ternal consistency (Cronbachs a = 0.71) [26]. Outcome Ex-
pectancy is measured using 10-item scale developed by
Rodgers & Brawley [40]. Participants rate outcome likeli-
hood (on a 10-point scale, 0-100% likelihood) and out-
come value (on a 9-point scale, 1-9 importance) for seven
physical activity outcomes and ratings are multiplied to in-
dicate overall outcome expectancy (range 0—900). Consist-
ent with the creator’s recommendations, the specific
physical activity outcomes used in this study were deter-
mined from formative research with the target population.
The most commonly reported positive (weight loss, im-
proved fitness, more energy, less stress, improved mental
well-being) and negative outcomes (injury, lose time to do
other things) were included. Negative outcome expectan-
cies were included because expectations are thought to be
better predicted when both positive and negative out-
comes are considered [41]. Our previous trial [26] and
others [42] have demonstrated that the measure was sen-
sitive to change in a physical activity intervention among
postnatal women. The scale has acceptable internal
consistency (Cronbachs a = 0.72) [26]. Goal Setting Skills
are measured using the 10-item Exercise Goal-setting
Scale (EGS)[43]. This scale has good test retest reliability
(r = 0.87) over an 8-week period [43]. The EGS items as-
sesses setting goals (e.g., I often set exercise goals), self-
monitoring (e.g., I usually keep track of my progress in
meeting my goals) and problem solving (e.g., If I do not
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reach my goals, I analyse what went wrong). Each item is
measured on a 5-point Likert scale, but following our for-
mative research with 12 postnatal women the original an-
chors (‘does not describe’ to ‘describes completely’) were
found to be difficult to interpret so we adapted the EGS
anchors to 1 ‘strongly disagree’ to 5 ‘strongly agree’. The
adapted version of EGS had good internal consistency
(Cronbachs a = 0.84) [26], similar to that of the original
scale (r = 0.89)[43]. Physical activity social support from
the participant’s partner (husband or defacto) and from
their family or friends is assessed on a 5-point Likert scale
using the Social Support for Exercise Scale [44]. Five
items, including an additional one (‘offered to mind the
kids so I could be more physically active’) are assessed on
a scale from 1 ‘never’ to 5 ‘very often’. The original scale
has good test-retest reliability (r = 0.55—-0.79)[44], and this
slightly modified version has demonstrated good internal
consistency (Cronbachs a = 0.90) [26] and sensitivity to
change among women with young children [10,26]. At T2
and T3 we included five additional items to specifically as-
sess the support that participants received from their
nominated MobileMums support person. Perceived Envir-
onmental Opportunity for Exercise: was measured using
12 items designed and implemented by Hoehner and col-
leagues [45]. These items were derived from a review of
three commonly used questionnaires to assess environ-
mental impact on physical activity participation [46], and
are assessed on a five point Likert scale from 1 ‘strongly
disagree’ to 5 ‘strongly agree’. Based on our formative re-
search we added two additional items to the scale (‘There
are footpaths wide enough to fit prams in my neighbour-
hood’; “‘Unattended dogs make it unsafe to walk in my
neighbourhood’). The adapted scale has an acceptable in-
ternal consistency (Cronbachs a = 0.75) [26].

Moderators

Demographic (e.g., age, number of children, employ-
ment status, education) and health-related (SF12v2™
Health Survey) [34] moderators were assessed in the
self-administered questionnaire. Demographic questions
follow the same format and response options used in
the Census by the Australian Bureau of Statistics [47] to
aid interpretation of representativeness of the sample.

Sample size

Our sample size was based on the clinically meaningful
increase in physical activity (assessed by the AWAS)
observed in our pilot study (40 minutes/week) [27]. We
chose to base the sample size on self-report physical ac-
tivity data, not the objective accelerometer data, because
our pilot data suggested the AWAS was likely to pro-
duce the higher sample size estimate due to larger vari-
ance. Using the variance observed in the self-report data
of 102 minutes/week [27], and assuming 80% power and
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two-sided significance of 5% we needed 102 women per
group. Estimating a 25% dropout, this figure was inflated
to 128 per group, or 256 total.

Data analyses

Data analyses will follow intention-to-treat principles
[28], so all participants will be analysed according to
their randomised group regardless of whether they com-
plied with the program or not. Missing physical activity
data will be imputed using a model that accounts for the
often skewed distribution of physical activity. Missing
data will be imputed using a regression model based on
time and a subject’s previous responses using a random
intercept. To account for the uncertainty in imputing
missing data the analyses will use multiple imputation
using the WinBUGS software. Statistical significance will
be set to 5% and 95% confidence intervals will be given
for all results.

Changes in physical activity

Changes in accelerometer-measured moderate-vigorous
physical activity (minutes/week) and in AWAS planned
moderate-vigorous physical activity and brisk walking
(minutes/week) will be analysed using repeated-measures
models. Preliminary descriptive analyses will consider the
longitudinal trajectories of participants to determine the
homogeneity of trajectories and identify outliers. We will
fit the repeated measures models using a generalised esti-
mating equations framework. Estimates of the main effects
of time by intervention will be used to assess the impact
of intervention on each outcome. Possible attrition bias
will be assessed using a longitudinal model with a binary
dependent variable of dropout at each assessment time.
This model will include time-independent covariates such
as age, and time-dependent covariates such as previous
physical activity.

Cost-effectiveness analysis

Costs and QALYs will be modelled using a decision ana-
lytic Markov model [37], with due consideration of par-
ameter uncertainty as described by probabilistic sensitivity
analysis. One thousand random samples will be drawn
from probability distributions and cost-effectiveness ac-
ceptability curves plotted for the two study groups to re-
veal the probability the program is cost-effective. This
method has been used in previous cost-effectiveness
studies [37,48,49].

Mediator analysis

Potential mediation will be explored using a simple
product-of-coefficient approach using Sobel tests [50].
This test will examine whether the ‘indirect effect’ (or
the ‘mediated effect’) of the MobileMums intervention is
significantly different from zero [50]. The indirect effect
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is the difference between the ‘total effect’ of the inter-
vention on physical activity and the ‘direct effect’ of the
intervention on physical activity after controlling for
proposed mediators (Social Cognitive Theory con-
structs). It should be acknowledged that this trial was
not powered to detect mediation and this will be an ex-
ploratory analysis.

Moderator analysis

Exploratory analysis of potential moderators will deter-
mine whether intervention effects differ across demo-
graphic (e.g., age, gender) and health-related (e.g., BMI,
SF-12) characteristics. This analysis will be performed by
considering the statistical significance of an interaction
between a potential moderator and the intervention as
part of the generalised estimating equations model.

Discussion

This paper describes the methods for evaluating the im-
proved version of the MobileMums program in a large
scale community-based randomised controlled trial. The
results of this trial will address multiple indicators of
program evaluation including efficacy, feasibility, accept-
ability, cost-effectiveness, mediation and moderation.
The results will advance both the science and practice of
physical activity interventions for women with young
children.

The evidence base for physical activity interventions
among women with young children is only starting to
include evaluation of mediated (non face-to-face) mech-
anisms of program delivery [23,24], this is despite the
need for highly accessible, flexible program delivery in
this population with high caregiving demands. This trial
will be the first (other than our pilot evaluation of
MobileMums [27]) to evaluate a text message-delivered
physical activity intervention for women with young
children, and one of the first to evaluate a program de-
livered primarily by a mediated mechanism for this tar-
get group. Results of this trial will also contribute to the
evidence for the application of Social Cognitive Theory
in interventions to change physical activity and the rela-
tive contributions of the theoretical constructs as media-
tors of change.

Importantly, this trial will provide more valid evidence
of the impact of MobileMums on overall physical activ-
ity by using objective physical activity measures from an
adequately powered sample and assessing maintenance
of behaviour change beyond the period of direct pro-
gram delivery. Assessing the maintenance of behaviour
change following an intervention is not common in phys-
ical activity trials in general [51] and is very rare within
the evidence targeting women with young children. An-
other strength of this trial is the evaluation of cost-
effectiveness of the MobileMums program. Cost reduction
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for program delivery is one of the key drivers for text
message-delivered programs, but there is limited cost-
effectiveness evidence to support this rationale.

This thorough evaluation will inform whether further
translation of the MobileMums program beyond researcher-
administration into community-based practice is warranted.
The study investigators are conducting this trial within
the context of an existing research-health delivery part-
nership and thus have the potential to rapidly facilitate
the research findings into practice within the target
community. We anticipate the findings of this trial will
have impact on the practice of physical activity promo-
tion for women with young children within our part-
nership region. Collectively, the evidence generated by
this trial can inform physical activity promotion efforts
for women with young children and other populations
with accessibility to text messaging interventions, and
advance the broader literature for physical activity be-
haviour change, application of Social Cognitive Theory,
and delivery of health behaviour change programs via
text messaging.
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