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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 MobileMums in Queensland, Australia.  

Participants 

A hypothetical cohort of over 36,000 women with a child under one 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 used is informed by the effectiveness results from a 9-month two-arm community-based 

randomised controlled trial undertaken in 2011. 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 252 QALYs for an additional cost to the health 

system of 1.1 million AUD. The expected incremental cost-effectiveness ratio for MobileMums is 

4,348 AUD per QALY gained. MobileMums has a 98% probability of being cost-effective at a cost-

effectiveness threshold of 64,000 Australian dollars (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 

health care resources in Queensland, Australia. 

 

 

ARTICLE SUMMARY 

Article focus 

• This paper estimates the cost-effectiveness of the MobileMums intervention for Queensland, 

Australia. 
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Key messages 

• MobileMums is likely a cost-effective use of health care resources in Queensland, Australia. 

Strengths and limitations of the study 

• The analysis is informed by the results from a recent two-arm randomised controlled trial of 

MobileMums and usual care.  

• Uncertainty around the costs and consequences of MobileMums and usual care has been 

quantified and has little effect on the conclusions of the analysis. 

• The simplicity of the model means that some potentially important effects may have been 

missed. As physical activity levels were split into only two categories, small changes in an 

individual’s activity would likely not be valued.  
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INTRODUCTION 

Physical inactivity is a leading cause of lost years of healthy life in high-income countries, where 

chronic diseases are a leading cause of mortality and morbidity.[1] An insufficient level of physical 

activity, defined as less than 30 minutes of moderate- to vigorous-intensity physical activity on at 

least five days a week, is directly associated with a number of diseases including coronary heart 

disease, type 2 diabetes, breast cancer and colon cancer.[2] Physical inactivity is also indirectly linked 

to the negative health consequences of high body mass and high blood pressure, which include 

many of the aforementioned chronic conditions.  

Fifty-seven percent of Australia’s adult population were insufficiently active in 2011–12.[3] Begg et 

al.[4] estimate that 6.6% of the total disease burden in Australia is caused by physical inactivity, 

explaining around 24% of both cardiovascular disease and diabetes, and around 6% of all cancers. 

Based on these results, Cadilhac et al.[5] estimate that each year insufficient physical activity causes 

45,000 new cases of disease which are associated with a loss of 174,000 disability-adjusted life-years 

in Australia. Inequalities in activity levels exist, with inactivity more likely in older people, those of 

lower socioeconomic status, those outside of major cities, and women.[6] Indeed, women with 

young children are more likely to be physically inactive than both women with no children[7, 8] and 

women with older children,[9, 10] and it is this group who are the focus of the MobileMums 

intervention evaluated here. 

The MobileMums programme is a 12-week intervention which designed to assist women with young 

children increase their physical activity. The intervention’s development has previously been 

discussed.[11] MobileMums is initiated with a face to face 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 text-message content and to 

initiate process of behaviour change through personalised goal setting.[11] Participants receive five 

text-messages per week during weeks 1 to 4 of the intervention and four messages per week during 

weeks 5 to 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, participants also have access to a programme 

handbook, an on-line exercise directory and a Facebook© group. They also receive a refrigerator 

magnet for self-monitoring and various 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 counsellor, oversee the text-messages being sent 

and received, and organise the delivery of other programme materials to participants.  

In Australia health resources are generally allocated on a state or territory basis[12] and so a 

decision on whether to fund MobileMums would be made by individual 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 consider 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 here will 

be directly applicable to similar decisions in other Australian states and territories. The 

generalisability 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,[13] but the results 

are likely to be of relevance for all countries experiencing high levels of physical inactivity. 
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METHODS 

Study population 

It is expected that MobileMums would be offered to all women with children under one year old in 

Queensland, Australia. With 61,020 women giving birth in Queensland in 2010 and with 413 fetal 

deaths,[14] the number of women eligible for the intervention in 2011 was 60,607. Based on the 

randomised control trial conducted in 2011,[15] where of the 511 women assessed for eligibility 306 

commenced the baseline assessment, we can expect around 60% of those women who are offered 

the intervention to participate. This gives 36,364 women in Queensland who would be eligible and 

willing to participate in the MobileMums intervention in 2011, and this is the baseline cohort size 

considered for this study. This participation estimate is likely conservative as the program would not 

include the time-consuming assessments that were undertaken purely for research purposes 

Modelling health outcomes and costs 

A state-based Markov model provides the framework for this analysis and is used to estimate the 

costs and consequences associated with MobileMums and usual care. The development of the 

model has been informed by the effectiveness results from a 9-month two-arm community-based 

randomised controlled trial undertaken in 2011. 263 women from around Caboolture, Queensland, 

received usual care (n=130) or the MobileMums intervention (n=133).[15] Data were collected prior 

to the intervention being received (time 1 – T1: 0 months), after the 12-week MobileMums 

programme was completed (T2: 3 months) and again after a further 6 month no-contact 

maintenance period (T3: 9 months). The main efficacy  findings from the trial have been reported in 

detail by Fjeldsoe et al.[15]  Briefly, while the intervention had a large and statistically significant 

beneficial 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 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 here is 

two 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 minutes of moderate- to 

vigorous-intensity physical activity on at least five days 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 in 

figure 1. 

Health effects  

To allow the value for money of MobileMums to be compared against interventions across the 

health system, 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. Missing 

questionnaire data at each time period (1% of participants at T1, 13% at T2, and 32% at T3) was 

excluded under the assumption that the missing data bore no relation to observed or unobserved 

factors in the population. A couple of 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 

generated for this dimension. Second, one of the questions offered one too many potential 
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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 were transformed into the EQ-5D, a standardised measure of health outcomes, using 

an algorithm provided by Gray et al.[16] This provided health-related quality-of-life scores associated 

with spending 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 were discounted at 5% following the relevant guidelines.[17, 18] 

Costing perspective  

This study is intended to inform decision making regarding resource allocation across the health 

system in Queensland. While costs and benefits falling outside of the health system, such as the cost 

to participants of purchasing goods or services related to undertaking exercise, may be of relevance, 

there are significant methodological issues in incorporating these effects into the analysis.[19] 

Consequently, a health system perspective is taken here, with only the costs borne by the health 

system included. All costs reported are in 2011 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[17] and the Pharmaceutical Benefits Advisory Committee[18] in Australia. 

The estimated cost of providing MobileMums across Queensland is based on the costs of delivering 

the intervention in the randomised controlled trial. [15] To extrapolate these costs assumptions 

have been required concerning number of behavioural counsellors and programme coordinators 

required for widespread dissemination. 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,[20] paid at a HP3 and a HP4 

level, respectively. The costs of developing the computer programme to send text-messages, 

sending the text- messages and providing other programme 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 health care 

use have also been incorporated. If the intervention reduces future health care use then the cost 

saving associated with this can be compensate at least part of the cost of delivering MobileMums. 

Participants’ reported their use of health care 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, missing data was 

excluded (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[21] and Australian hospital statistics.[22] 

Expected effects 

If MobileMums is expected to improve health and reduce costs or reduce health and increase costs 

then the implications are clear, with the intervention ‘dominant’ and ‘dominated’ respectively.[23] 

However, if MobileMums is expected to improve health but increase costs, or reduce health but also 

reduce costs, then this motivates the estimation of the expected incremental cost effectiveness ratio 

for MobileMums compared against usual care. This ratio is given by the change in costs caused by 

the intervention divided by the change in QALYs. This can then be compared against the cost-

effectiveness threshold. The threshold used here is 64,000 AUD which is based on the estimate by 

Shiroiwa et al.[24] 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 deemed 

‘cost-effective’. 

Uncertainty 
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Parameter uncertainty was quantified using Monte Carlo simulations, with the model evaluated 

10,000 times, with each simulation involving random draws from each parameter distribution. These 

distributions are based on the trial data, with transition probabilities and QALYs given beta 

distributions, while health use and costs are assigned gamma distributions and uniform distributions, 

respectively. This produces 10,000 sets of incremental costs and effects, and these are presented on 

a cost-effectiveness plane along with the expected costs and effects and the cost-effectiveness 

threshold. The probability that MobileMums is cost-effective is given by the proportion of sets of 

costs and benefits at which the intervention would be considered cost-effective. The proportion of 

sets where the change in QALYs is positive and the change in effect 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 percentiles of the costs and QALYs produced in 

the Monte Carlo analysis.[25] 

Uncertainty also exists surrounding the modelling assumptions. In particular, three areas stand out 

for particularly onerous assumptions: transition probabilities after nine months (T3), the number of 

programme counsellors 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 reassessed under the assumption that after T3 all programme 

activity effects are mitigated entirely, and then again under the assumption that the estimated 

treatment 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 coordinators 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 percent of the 

initial cohort are expected to be in the active state. The expected effect of MobileMums is to cause a 

substantial increase in physical activity over the duration of the 12-week intervention, with 50 

percent of the participants expected to be in the active state at T2. Following the intervention 

gradual reduction in the proportion 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. 

 

 
  Mean Distribution 

Probability of being inactive at T1   0.71 Beta 

Probability of moving from inactive to active  

(tpImprove) 

Usual Care (T1 to T2) 0.21 Beta 

MobileMums (T1 to T2) 0.36 Beta 

Usual Care (T2 to T3) 0.15 Beta 

MobileMums (T2 to T3) 0.28 Beta 

Probability of moving from active to inactive  Usual Care (T1 to T2) 0.44 Beta 
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(tpRegress) MobileMums (T1 to T2) 0.18 Beta 

Usual Care (T2 to T3) 0.29 Beta 

MobileMums (T2 to T3) 0.44 Beta 

Yearly health care costs (AUD per participant) 

Physically active 56.25 Uniform 

Physically inactive 76.24 Uniform 

Cost of delivering MobileMums (AUD per participant) 
 

58.65 Uniform 

EQ5D score 

 Inactive 0.76 Beta 

 Active 0.82 Beta 

Table 1  Input variables for the Markov model 

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 0.79 compared with 0.76 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 intervention can 

therefore also be expected to improve health-related quality-of-life. Over 24 months, MobileMums 

is estimated to lead to an increase of 252 QALYs across the cohort of 36,364 women or, equivalently, 

0.0069 QALYs per person.  

The expected cost of delivering MobileMums to the cohort is 2,132,912 AUD, or 59 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 programme to send personalised text-messages, these costs are of little 

consequence with a cohort of 36,364 women.  

  
 

Total cost 

(AUD) 

Cost per participant 

(AUD) 

Development of the computer program for sending 

automated text-messages  
13,300 0.37 

Sending text-messages  581,460 15.99 

Providing additional programme materials   581,824 16.00 

Behavioural counsellors (24 required) 

Salaries 410,700 11.29 

Equipment 33,924 0.93 

Travel costs 363,640 10.00 

Programme coordinators (5 required) 
Salaries 114,464 3.15 

Office costs 33,600 0.92 

 Total 
 

2,132,912 58.65 

Table 2  Estimated costs of delivering MobileMums in Queensland, Australia 

Based on data from the trial it is estimated that active individuals cost the health system 56 AUD a 

month on average, while inactive individuals cost 76 AUD per 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 health care costs. As a result, the total expected 

incremental cost to the health system from introducing MobileMums is 1,125,706 million AUD, or 31 

AUD per person.   
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With an expected (mean) incremental cost of 1,125,706 million AUD and an incremental 

improvement in health outcomes of 252 QALYs, the cost-effectiveness ratio for MobileMums is 

approximately 4,348 AUD per QALY gained. At a cost-effectiveness threshold of 64,000 AUD, the 

intervention can therefore be expected to be cost-effective.   

Uncertainty 

The incremental costs and consequence produced by the Monte Carlo simulations are in figure 3. 

MobileMums has a 98% probability of being cost-effective at a threshold of 64,000 AUD (98% of 

simulations are below the sloped threshold line). The intervention has around a 20% probability of 

being cost-saving and health-improving (20% of simulations in the south-east quadrant).  

The results from the scenario analysis are presented in Table 3. None of the changes in assumptions 

had any substantial effect on the probability that MobileMums is cost-effective at a threshold of 

64,000 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 substantial 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 

difference in activity levels at T3 was maintained for up to 24 months MobileMums would have a 

35% probability of being cost-saving.  

 
Mean change (95% credible interval) 

caused by MobileMums 
 

Probability 

MobileMums is 

Scenario  Total costs (AUD) QALYs 

Expected 

(mean) 

ICER 

Cost-

effective* 

Cost-

saving 

Base case 

1,125,705  

(1,101,935 to 

1,149,475) 

252  

(247 to 257) 
4,466 98% 20% 

Changes in activity levels 

entirely mitigated at 9 

months (T3) 

1,309,558  

(1,300,044 to 

1,319,072) 

206  

(204 to 208) 
6,358 97% 1% 

Changes in activity levels 

maintained from 9 months 

to 24 months 

1,085,903  

(1,060,112 to 

1,111,693) 

262  

(257 to 267) 
783 94% 35% 

Number of counsellors and 

coordinators required 

increased by 50% 

1,422,049  

(1,398,018 to 

1,446,080) 

252  

(247 to 257) 
5,642 97% 16% 

Number of counsellors and 

coordinators required 

reduced by 50% 

829,361  

(805,626 to 853,096) 

252 

 (247 to 257) 
3,290 98% 24% 

Cohort size increased by 

50% 

1,648,576  

(1,612,503 to 

1,684,649) 

378  

(370 to 386) 
4,360 98% 21% 

Cohort size reduced by 50% 

584,309  

(572,414 to 

596,204) 

126  

(124 to 128) 
4,636 97% 17% 

ICER: incremental cost-effectiveness ratio 

* at a threshold of 64,000 AUD 

Table 3  Results from the scenario analysis to examine whether the intervention remains cost-

effective for a range of assumptions.  

DISCUSSION  
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Principal findings 

The results from this study suggest the MobileMums intervention would be a cost-effective use of 

health resources in Queensland, Australia. While the expected health benefits of the intervention 

are only 0.0069 QALYs per person, the intervention is expected to cost just 31 AUD per person. 

Consequently, the expected cost-effectiveness ratio is 4,465 AUD per QALY is far below the 

estimated willingness to pay for an additional QALY in Australia of 64,000 AUD.[24] Neither 

parameter nor modelling 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 has been possible to extrapolate these findings to consider the 

costs and consequences of MobileMums if it were offered in practice to a large cohort of women 

and to take into account those costs and consequences that can be expected to occur beyond the 

trial’s time horizon.  And while such an approach does require a number of assumptions, these 

assumptions have been the subject of 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 two years, and under 

the conservative assumption that only longer-term changes in activity will affect the risk of an 

individual developing future chronic health conditions, the model used here is only required to have 

a short-time horizon. The simplicity of the model used, with only two health states, has advantages, 

particularly for ease of exposition. However, 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 significant methodological heterogeneity making direct comparisons difficult in many cases. 

Of those studies which use a similar methodology to this one, i.e. using a decision-analytic model as 

a framework for analysis with the cost per quality-adjusted (or disability-adjusted) life-year, many of 

the interventions analysed are found to be cost-effective. For example, the ‘green prescription’ 

programme in New Zealand is found to have an incremental cost of 3,000 AUD per QALY,[26] while 

the ’10,000 Steps Ghent’ intervention is found to be cost-saving.[27] However, the cost-effectiveness 

of such physical activity intervention is by no means guaranteed. Cobiac et al.[28] find that a GP 

referral to exercise scheme has an incremental cost of 100,000 AUD per QALY, while a 8-week social 

support programme is found by Roux et al.[29] to have an incremental cost of 95,000 AUD per QALY.  

Interestingly, while these other studies typically assumed that the benefit from physical activity 

interventions was only through reducing the incidence of future chronic diseases, this study 

demonstrates that there is also likely 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, which made it possible for MobileMums to be 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 
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differently than a curative intervention. Health care resources should be directed to those uses 

which provide best value for money, i.e., the greatest improvement in health outcomes for a given 

level of cost. MobileMums can be expected to provide good value for money and is likely a cost-

effective use of resource given the estimated willingness-to-pay for an additional QALY in Australia. 

There seems little reason to expect that this conclusion would be different in other states and 

territories in Australia. Levels of physical inactivity can be expected to be similar across Australia as 

can the effects of the intervention. In addition, costs, such as those associated with the counsellors 

and coordinators should comparable. While differences in costs such as these make it more difficult 

to generalise these 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.  

CONCLUSION 

MobileMums can be expected to be a cost-effective use of health resources in Queensland, 

Australia. If the objective of Queensland Health is to maximise population health outcomes given 

their budget, MobileMums should be freely provided. 

 

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

and usual care 

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

Figure 3  Cost-effectiveness plane for MobileMums versus usual care with 1,000 sets of 

incremental costs and effects randomly drawn from the 10,000 Monte Carlo simulations along with 

the expected (mean) incremental costs and effects and a cost-effectiveness threshold of 64,000 AUD 
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Outline of the Markov model used to estimate the costs and effects of MobileMums and usual care  
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The expected (mean) effect of MobileMums on activity levels  
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Cost-effectiveness plane for MobileMums versus usual care with 1,000 sets of incremental costs and effects 
randomly drawn from the 10,000 Monte Carlo simulations along with the expected (mean) incremental costs 

and effects and a cost-effectiveness threshold of 64,000 AUD  
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ABSTRACT 1 

Objectives 2 

To determine the cost-effectiveness of the MobileMums intervention. MobileMums is a 12-week 3 

programme which assists mothers with young children to be more physically active, primarily 4 

through the use of personalised SMS text-messages. 5 

Design 6 

A cost-effectiveness analysis using a Markov model to estimate and compare the costs and 7 

consequences of MobileMums and usual care. 8 

Setting 9 

This study considers the cost-effectiveness of MobileMums in Queensland, Australia.  10 

Participants 11 

A hypothetical cohort of over 36,000 women with a child under one year old is considered. These 12 

women are expected to be eligible and willing to participate in the intervention in Queensland, 13 

Australia. 14 

Data sources 15 

The model was informed by the effectiveness results from a 9-month two-arm community-based 16 

randomised controlled trial undertaken in 2011. Baseline characteristics for the model cohort, 17 

treatment effects, and resource utilisation were all informed by this trial.  18 

Main outcome measures 19 

The incremental cost per quality-adjusted life year (QALY) of MobileMums compared with usual 20 

care. 21 

Results 22 

The intervention is estimated to lead to an increase of 131 QALYs for an additional cost to the health 23 

system of 1.1 million Australian dollars (AUD). The expected incremental cost-effectiveness ratio for 24 

MobileMums is 8,608 AUD per QALY gained. MobileMums has a 98% probability of being cost-25 

effective at a cost-effectiveness threshold of 64,000 AUD. Varying modelling assumptions has little 26 

effect on this result. 27 

Conclusions 28 

At a cost-effectiveness threshold of 64,000 AUD, MobileMums would likely be a cost-effective use of 29 

health care resources in Queensland, Australia. 30 

 31 

 32 

  33 
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ARTICLE SUMMARY 1 

Article focus 2 

• This paper estimates the cost-effectiveness of the MobileMums intervention for Queensland, 3 

Australia. 4 

Key messages 5 

• MobileMums is likely a cost-effective use of health care resources in Queensland, Australia. 6 

Strengths and limitations of the study 7 

• The analysis is informed by the results from a recent two-arm randomised controlled trial of 8 

MobileMums and usual care.  9 

• Uncertainty around the costs and consequences of MobileMums and usual care has been 10 

quantified and has little effect on the conclusions of the analysis. 11 

• The model’s simplicity, with physical activity levels split into only two categories, means that 12 

small changes in an individual’s activity would likely not be valued.  13 
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INTRODUCTION 1 

Physical inactivity is a leading cause of lost years of healthy life in high-income countries, where 2 

chronic diseases are a leading cause of mortality and morbidity.[1] An insufficient level of physical 3 

activity, defined as less than 30 minutes of moderate- to vigorous-intensity physical activity on at 4 

least five days a week, is directly associated with a number of diseases including coronary heart 5 

disease, type 2 diabetes, breast cancer and colon cancer.[2] Physical inactivity is also indirectly linked 6 

to the negative health consequences of high body mass and high blood pressure, which include 7 

many of the aforementioned chronic conditions.[1]  8 

Fifty-seven percent of Australia’s adult population were insufficiently active in 2011–12.[3] Begg et 9 

al.[4] estimate that 6.6% of the total disease burden in Australia is caused by physical inactivity, 10 

explaining around 24% of both cardiovascular disease and diabetes, and around 6% of all cancers. 11 

Based on these results, Cadilhac et al.[5] estimate that each year insufficient physical activity causes 12 

45,000 new cases of disease which are associated with a loss of 174,000 disability-adjusted life-years 13 

in Australia. Inequalities in activity levels exist, with inactivity more likely in older people, those of 14 

lower socioeconomic status, those outside of major cities, and women.[6] Indeed, women with 15 

young children are more likely to be physically inactive than both women with no children[7, 8] and 16 

women with older children,[9, 10] and it is this group who are the focus of the MobileMums 17 

intervention evaluated here. 18 

The MobileMums programme is a 12-week intervention designed to assist women with young 19 

children increase their physical activity. The intervention’s development has previously been 20 

discussed.[11] MobileMums is initiated with a face-to-face consultation between the participant and 21 

a trained behavioural counsellor. The consultation is used to establish rapport between the 22 

participant and counsellor, to gather information required to tailor and personalise text-message 23 

content and to initiate the process of behaviour change through personalised goal setting.[11] 24 

Participants receive five text-messages per week during weeks 1 to 4 of the intervention and four 25 

text-messages per week during weeks 5 to 12. The messages are personalised based on the 26 

participant's name, the name of their counsellor, the participant’s goals and their expected rewards 27 

and outcomes for achieving these goals. In addition to receiving the text-messages, participants also 28 

have access to a programme handbook, an on-line exercise directory and a Facebook© group. They 29 

also receive a refrigerator magnet for self-monitoring and standard information brochures on 30 

physical activity. As well as requiring behavioural counsellors, delivering the intervention requires 31 

programme coordinators to manage the counsellors, assign participants to a counsellor, oversee the 32 

text-messages being sent and received, and to organise sending other programme materials to 33 

participants.  34 

In Australia health resources are generally allocated on a state or territory basis[12] and so a 35 

decision on whether to fund MobileMums would be made by individual states or territories. The 36 

alternative course of action would be to provide usual care. The purpose of this paper is to consider 37 

this decision of whether to provide MobileMums or usual care from the perspective of Queensland 38 

Health, the government department responsible for managing the public health system in 39 

Queensland, Australia.  40 

It is assumed that the overarching objective of Queensland Health is to maximise population health 41 

subject to their budget. This, therefore, supports the need for an economic evaluation of 42 

MobileMums to consider the intervention’s value for money. While this evaluation is specific to the 43 

funding decision faced by Queensland Health, it can be expected that the results reported here will 44 

be directly applicable to similar decisions in other Australian states and territories. The 45 

generalisability of the results to other high-income countries may be more limited, for example 46 

because of differences in the volume and cost of resource use between countries,[13] but the results 47 

are likely to be of relevance for all countries experiencing high levels of physical inactivity. 48 
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METHODS 1 

Study population 2 

It is expected that MobileMums would be offered to all women with children under one year old in 3 

Queensland, Australia, regardless of their current level of physical activity. With 61,020 women 4 

giving birth in Queensland in 2010 and with 413 fetal deaths,[14] the number of women eligible for 5 

the intervention in 2011 was 60,607. We expect around 60% of women who were offered the 6 

intervention would participate. This is based on the randomised control trial conducted in 2011,[15, 7 

16] where of the 511 women assessed for eligibility 306 commenced the baseline assessment. This 8 

gives 36,364 women in Queensland who would be eligible and willing to participate in the 9 

MobileMums intervention in 2011, and this is the baseline cohort size considered for this study. This 10 

participation estimate of 60% is likely conservative, as the program would not include the time-11 

consuming assessments that were undertaken purely for research purposes. Given the uncertainty 12 

around this estimate, we consider the effects of reducing this cohort size by 50% to 18,182 women, 13 

and increasing it by 50% to 54,546 women. 14 

Modelling health outcomes and costs 15 

A state-based Markov model provides the framework for this analysis and is used to estimate the 16 

costs and consequences associated with MobileMums and usual care. The development of the 17 

model has been informed by the effectiveness results from a 9-month two-arm community-based 18 

randomised controlled trial undertaken in 2011.[15] 263 women from around Caboolture, 19 

Queensland, received usual care (n=130) or the MobileMums intervention (n=133).[16] Data were 20 

collected prior to the intervention being received (time 1 – T1: 0 months), after the 12-week 21 

MobileMums programme was completed (T2: 3 months) and again after a further 6 month no-22 

contact maintenance period (T3: 9 months). The main efficacy  findings from the trial have been 23 

reported in detail by Fjeldsoe et al.[15]  Briefly, while the intervention had a large and statistically 24 

significant beneficial effect on activity levels between T1 and T2, there was no statistically significant 25 

effect at T3, although the estimated increase in activity remained positive.  26 

These results suggest that MobileMums can only be expected to have an effect on activity levels in 27 

the short-term. Under the assumption that only long-term changes in activity levels affect the risk of 28 

an individual developing future chronic health conditions, the time horizon of the model used here is 29 

two years. There are just two states in the model with participants either ‘physically inactive’ or 30 

‘physically active’, and an individual is required to be undertaking 30 minutes of moderate- to 31 

vigorous-intensity physical activity on at least five days a week to be classified as active. An effective 32 

physical inactivity intervention increases the likelihood that inactive individuals become active 33 

(tpImprove) and/or reduces the likelihood that active individuals become inactive (tpRegress). 34 

Individuals move between states using monthly cycles, and spending a month as active or inactive 35 

has a cost and health outcome associated with it (described below). An outline of the model is 36 

shown in figure 1. 37 

Health effects  38 

To estimate the value for money of MobileMums, health effects are expressed in terms of quality-39 

adjusted life-years (QALYs). Given the design of the model used, MobileMums can only affect health-40 

related quality-of life, with no mortality effects. The health-related quality-of-life associated with 41 

being physically active or inactive was estimated from participants’ responses to SF-12 42 

questionnaires at T1, T2 and T3. Mean imputation was used for missing questionnaire data at each 43 

time period (1% of participants at T1, 13% at T2, and 32% at T3). Two errors were made in the 44 

printing of the SF-12 questionnaires. First, at T1 one question from the SF-12 was omitted in error, 45 

and so scores were randomly generated for this dimension. Second, one of the questions offered 46 
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one too many potential responses at all time periods, and so those who selected this superfluous 1 

response were evenly split and moved into either the next best or next worst choice.  2 

Questionnaire responses were transformed into the EQ-5D, a standardised measure of health 3 

outcomes, using an algorithm provided by Gray et al.[17] which provides utility scores close to group 4 

means, especially for individuals not in poor health. This approach generates health-related quality-5 

of-life scores associated with spending a year as physically active or inactive which could range 6 

between 0 (equivalent to death) and 1 (equivalent to perfect health). Monthly scores were simply 7 

one-twelfth of this. QALYs and costs in the second year were discounted at 5% following the relevant 8 

guidelines.[18, 19] 9 

Costing perspective  10 

This study is intended to inform decision making regarding resource allocation across the health 11 

system in Queensland. Consequently, a health system perspective is taken, with only the costs borne 12 

by the health system included.[20] While costs falling outside of the health system, such as the cost 13 

to participants of purchasing goods or services related to undertaking exercise, may be of interest, 14 

they are not are not of direct relevance given the perspective taken here and so have been excluded. 15 

All costs reported have been inflated to 2014 AUD and any costs accruing in the second year of the 16 

model have been discounted at 5% in line with guidelines for submission to the Medical Services 17 

Advisory Committee[18] and the Pharmaceutical Benefits Advisory Committee[19] in Australia. 18 

The estimated cost of providing MobileMums across Queensland is based on the costs of delivering 19 

the intervention in the randomised controlled trial.[16] To extrapolate these costs, assumptions 20 

have been required concerning number of behavioural counsellors and programme coordinators 21 

required for widespread dissemination. It is assumed that counsellors could be assigned to 30 22 

participants per week, while coordinators could cover five counsellors and their participants per 23 

week. Counsellors and coordinators are assumed to be health practitioners with, on average, 2 years 24 

in their current role and, in terms of Queensland Health’s salary scale,[21] paid at a HP3 (6,092 AUD 25 

per month) and a HP4 (8,150 AUD per month) level, respectively. The costs of developing the 26 

computer programme to send text-messages, sending the text- messages and providing other 27 

programme materials are assumed to be the same as in the trial.  28 

In addition to the costs of delivering the intervention, the costs relating to participants health care 29 

use have also been incorporated. If the intervention reduces future health care use then the cost 30 

saving associated will counterbalance the cost of providing MobileMums. Participants’ reported their 31 

use of health care services at T1, T2 and T3 and the average use of those who were physically active 32 

and inactive were estimated. As with the SF-12, mean imputation was used for missing data (0% of 33 

participants at T1, 12% at T2, and 31% at T3). The associated costs were estimated using the 34 

Medicare Benefits Schedule for July 2011[22] and Australian hospital statistics.[23]  35 

Expected effects 36 

The purpose of this evaluation is to estimate the expected value for money of the MobileMums 37 

intervention, which is indicated by the incremental cost effectiveness ratio (ICER) for MobileMums. 38 

This ratio is given by the expected (mean) change in costs associated with the intervention divided 39 

by the expected change in QALYs.[24] This ratio can then be compared against a cost-effectiveness 40 

threshold. The threshold used here is 64,000 AUD which is based on the estimate by Shiroiwa et 41 

al.[25] of the willingness-to-pay for an additional QALY in Australia. If the cost effectiveness ratio for 42 

MobileMums falls below 64,000 AUD then the intervention can be expected to be ‘cost-effective’. 43 

 44 

Uncertainty 45 
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Parameter uncertainty was quantified using Monte Carlo simulations, with the model evaluated 1 

10,000 times, with each simulation involving random draws from each parameter distribution. These 2 

distributions are based on the trial data, with transition probabilities and QALYs given beta 3 

distributions, while health care utilisation and its associated costs assigned gamma distributions and 4 

uniform distributions respectively. This produces 10,000 pairs of incremental costs and effects, and 5 

these are presented on a cost-effectiveness plane along with the expected costs and effects and the 6 

cost-effectiveness threshold. The probability that MobileMums is cost-effective is given by the 7 

proportion of pairs of incremental costs and benefits at which the intervention would be considered 8 

cost-effective. The percentage of pairs where the change in QALYs is positive and the change in costs 9 

is negative is equal to the probability that MobileMums is cost-saving. It is also possible to estimate 10 

credible intervals around the expected change in costs and QALYs by taking percentiles of the costs 11 

and QALYs produced in the Monte Carlo analysis.[26] 12 

Uncertainty also exists surrounding the modelling assumptions. In particular, three areas stand out 13 

for particularly onerous assumptions: transition probabilities after nine months (T3), the number of 14 

programme counsellors and coordinators required, and the number of women who would be 15 

eligible and willing to participate in the trial. The assumptions used for these areas are the subject of 16 

scenario analyses. First, the model is reassessed under the assumption that after T3 all programme 17 

activity effects are mitigated entirely, and then again under the assumption that the estimated 18 

treatment effect observed at T3 is maintained for a further 15 months, at which point the treatment 19 

effect is entirely mitigated. Second, the number of counsellors and coordinators required is 20 

increased by 50% and reduced by 50%. And lastly, increasing the cohort size by 50% and reducing it 21 

by 50% is considered.  22 

RESULTS 23 

Average effects 24 

The input variables are detailed in Table 1. Around 70% of the women entering the model at T1 are 25 

expected to be physically inactive. Under usual care there is a small and gradual expected positive 26 

net movement from inactive to active over time, and after 24 months around 35 percent of the 27 

initial cohort are expected to be in the active state. The expected effect of MobileMums is to cause a 28 

substantial increase in physical activity over the duration of the 12-week intervention, with 50 29 

percent of the participants expected to be in the active state at T2. Following the intervention 30 

gradual reduction in the proportion of active participants each month is expected, until after 16 31 

months whereby the effect of MobileMums has been mitigated entirely. These expected changes in 32 

activity levels are presented in figure 2. 33 

 34 

 
  Mean  

Standard 

error 
Distribution 

Probability of being inactive at T1   0.71  0.03 Beta 

Probability of moving from inactive to 

active (tpImprove) 

Usual Care (T1 to T2) 0.20  0.04 Beta 

MobileMums (T1 to T2) 0.35  0.05 Beta 

Usual Care (T2 to T3) 0.14  0.04 Beta 

MobileMums (T2 to T3) 0.26  0.05 Beta 

 Usual Care (T1 to T2) 0.43  0.08 Beta 
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Probability of moving from active to 

inactive (tpRegress) 

MobileMums (T1 to T2) 0.18  0.06 Beta 

Usual Care (T2 to T3) 0.33  0.07 Beta 

MobileMums (T2 to T3) 0.45  0.06 Beta 

Monthly health care utilisation costs 

(2014 AUD per participant) 

Physically active 53.30 39.20 
Uniform and 

Gamma* 

Physically inactive 75.40 32.62 
Uniform and 

Gamma* 

Cost of delivering MobileMums (2014 

AUD per participant) 
 

62.64  13.08 Uniform 

EQ5D score 

 Inactive 0.78 0.01 Beta 

 Active 0.81 0.01 Beta 

* A uniform distribution for health care costs and a gamma distribution for health care utilisation  1 

Table 1  Input variables for the Markov model 2 

Time spent in the active state is expected to provide slightly higher utility than time spent in the 3 

inactive state, with a year spent as physically active associated with a health-related quality-of-life 4 

score of 0.81 compared with 0.78 for a year spent as physically inactive. As MobileMums is expected 5 

to increase the total number of months spent by the cohort in the active state, the intervention can 6 

therefore also be expected to improve health-related quality-of-life. Over 24 months, MobileMums 7 

is estimated to lead to an increase of 131 QALYs across the cohort of 36,364 women or, equivalently, 8 

0.0036 QALYs per person.  9 

The expected cost of delivering MobileMums to the cohort is 2,277,950 AUD, or 63 AUD per person. 10 

The breakdown for this cost is shown in Table 2. Almost half the cost is due to the behavioural 11 

counsellors. While there are significant costs associated with setting up the programme, such as the 12 

development of a computer programme to send personalised text-messages, these costs are of little 13 

consequence with a cohort of 36,364 women.  14 

  
 

Total cost 

(AUD) 

Cost per participant 

(AUD) 

Development of the computer program for sending 

automated text-messages  
14,204 0.39 

Sending text-messages  620,999 17.08 

Providing additional programme materials   621,388 17.08 

Behavioural counsellors (24 required) 

Salaries 438,628 12.06 

Equipment 36,231 0.99 

Travel costs 388,368 10.68 

Programme coordinators (5 required) 
Salaries 122,248 3.36 

Office costs 35,885 0.98 

 Total 
 

2,277,950 62.64 

Table 2  Estimated costs of delivering MobileMums in Queensland, Australia, in 2014 AUD 15 

Based on data from the trial it is estimated that active individuals cost the health system 53 AUD a 16 

month on average, while inactive individuals cost 75 AUD per month. As MobileMums reduces the 17 

average number of months spent in the inactive state, the cost of delivering the intervention is 18 
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partly offset by an expected reduction in these health care costs. As a result, the total expected 1 

incremental cost to the health system from introducing MobileMums is 1,124,209 million AUD, or 31 2 

AUD per person.   3 

With an expected (mean) incremental cost of 1,124,209 million AUD and an incremental 4 

improvement in health outcomes of 130 QALYs, the cost-effectiveness ratio for MobileMums is 5 

approximately 8,608 AUD per QALY. At a cost-effectiveness threshold of 64,000 AUD, the 6 

intervention can therefore be expected to be cost-effective.   7 

Uncertainty 8 

The pairs of incremental costs and consequences produced by the Monte Carlo simulation are 9 

shown in figure 3. MobileMums has a 98% probability of being cost-effective at a threshold of 64,000 10 

AUD (98% of simulations are below the sloped threshold line). The intervention has around a 19% 11 

probability of being cost-saving and health-improving (19% of simulations are in the south-east 12 

quadrant).  13 

The results from the scenario analyses are presented in Table 3. None of the changes in assumptions 14 

had any substantial effect on the probability that MobileMums is cost-effective at a threshold of 15 

64,000 AUD, which remained over 95% under all scenarios. Changes in the assumption surrounding 16 

the maintenance of changes in activity levels into the future did, however, have a substantial effect 17 

on the probability that MobileMums is cost-saving. If changes were entirely mitigated after 9 months 18 

(T3) then the intervention would only have a 1% chance of being cost-saving, while if the observed 19 

difference in activity levels at T3 was maintained for up to 24 months MobileMums would have a 20 

39% probability of being cost-saving.  21 

 
Mean change (95% credible interval) 

caused by MobileMums 
 

Probability 

MobileMums is 

Scenario  Total costs (AUD) QALYs 

Expected 

(mean) 

ICER 

Cost-

effective* 

Cost-

saving 

Base case 
1,124,209 

(1,102,044to1,146,374)  

131 

(126 to 135) 
8,608 98% 19% 

Changes in activity levels 

entirely mitigated at 9 

months (T3) 

1,363,736 

(1,363,736to 1,372,716 

103 

(102 to 105) 
13,186 97% 1% 

Changes in activity levels 

maintained from 9 months 

to 24 months 

240,173 

(217,066 to 263,281) 

232 

(227 to 236) 
1,037 97% 39% 

Number of counsellors and 

coordinators required 

increased by 50% 

1,456,518  

(1,434,365 to 

1,478,670) 

131  

(126 to 135) 
11,152 98% 15% 

Number of counsellors and 

coordinators required 

reduced by 50% 

823,527  

(802,374to 844,680) 

130 

 (127 to 134) 
6,306 98% 24% 

Cohort size increased by 

50% to 54,546 women 

1,643,613 

(1,610,282 to 

1,676,943) 

196 

(190 to 202) 
8,390 98% 20% 

Cohort size reduced by 50% 

to 18,182 

585,020  

(574,005 to 

596,035) 

65 

(63 to 67) 
8,959 98% 17% 

ICER: incremental cost-effectiveness ratio 22 

* at a threshold of 64,000 AUD 23 
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Table 3  Results from the scenario analyses which examine whether the intervention remains cost-1 

effective for a range of assumptions.  2 

DISCUSSION  3 

Principal findings 4 

The results from this study suggest the MobileMums intervention would be a cost-effective use of 5 

health resources in Queensland, Australia. While the expected health benefits of the intervention 6 

are modest, with an average health improvement of only 0.0036 additional QALYs, the cost of the 7 

intervention, after taking into account reduced health care utilisation, is low at just 31 AUD per 8 

person. Consequently, the expected cost-effectiveness ratio is 8,608 AUD per QALY, which is far 9 

below the estimated willingness to pay for an additional QALY in Australia of 64,000 AUD.[5] Neither 10 

parameter nor modelling uncertainty have a substantial effect on this conclusion. 11 

Study strengths and limitations 12 

This study has been largely informed by the results of a recent 9-month randomised controlled trial. 13 

By using a decision-analytic model, it was possible to extrapolate these findings to consider the costs 14 

and consequences of MobileMums if it were offered in practice to a large cohort of women and to 15 

account for expected costs and consequences beyond the trial’s time horizon.  Although several 16 

assumptions underpin this approach, they were subjected to sensitivity analyses which have shown 17 

them to have little effect on the overall conclusion that the intervention is likely cost-effective. 18 

With the effect of MobileMums on activity levels expected to last for less than two years, and under 19 

the conservative assumption that only longer-term changes in activity will affect the risk of an 20 

individual developing future chronic health conditions, the model used here is only required to have 21 

a short-time horizon. However, if MobileMums does prompt some long-term improvements in 22 

physical activity then the benefits of the intervention will be understated. In addition, while the 23 

simplicity of the model used has advantages, particularly for ease of exposition, there are 24 

limitations. In particular, only those changes in activity enough to move participants between the 25 

two states of the model are captured, with any changes of activity levels within a state overlooked.  26 

Comparison with other studies 27 

While a number of economic evaluations of physical activity interventions have been undertaken, 28 

there is significant methodological heterogeneity making direct comparisons difficult in many cases. 29 

Of those studies which use a similar methodology, i.e. using a decision-analytic model as a 30 

framework for analysis with the cost per quality-adjusted (or disability-adjusted) life-year estimated, 31 

many of the interventions are found to be cost-effective. For example, the ‘green prescription’ 32 

programme in New Zealand is found to have an incremental cost of 3,000 AUD per QALY,[27] while 33 

Cobiac et al.[28] found a pedometer intervention in Australia to be cost-saving and an internet-34 

based intervention to have an incremental cost of 4,000 AUD per QALY. However, the cost-35 

effectiveness of such physical activity intervention is by no means guaranteed. Cobiac et al.[28] find 36 

that a referral to exercise scheme has an incremental cost of 100,000 AUD per QALY, while a 8-week 37 

social support programme was found by Roux et al.[29] to have an incremental cost of 95,000 AUD 38 

per QALY.  39 

Interestingly, while these other studies typically assumed that the benefit from physical activity 40 

interventions was only through reducing the incidence of future chronic diseases, this study 41 

demonstrates that they are also likely to produce an immediate improvement in health-related 42 

quality-of-life. Active participants in the trial of MobileMums reported higher health-related quality-43 

of-life than those who were physically inactive, so that MobileMums is expected to be cost-effective 44 

even without any long-term changes in activity levels. With this immediate improvement in quality-45 
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of-life missed in most analyses of physical activity interventions, these studies may well have 1 

underestimated the full benefits from effective physical activity interventions. 2 

Policy implications 3 

Health prevention programmes in Queensland, and across Australia, have recently been going 4 

through a period of disinvestment. However, if the goal of the health system is to maximise health 5 

outcomes then there seems little reason for prevention health interventions to be treated any 6 

differently to a curative intervention. While the MobileMums intervention can only be expected to 7 

provide a modest improvement in health-related quality of life for the average participant, it does 8 

provide a meaningful improvement in terms of population health. Health care resources should be 9 

directed to those uses which provide best value for money, i.e., the greatest improvement in health 10 

outcomes for a given level of cost. Given the relatively low cost of delivering MobileMums, the 11 

intervention can be expected to provide good value for money and is likely a cost-effective use of 12 

health care resources given the estimated willingness-to-pay for an additional QALY in Australia. 13 

Providing the intervention across Australia can be expected to provide a similar level of value for 14 

money. Levels of physical inactivity are similar across Australia[3] and costs, such as those associated 15 

with the counsellors and coordinators, should also be comparable. While differences in costs make it 16 

more difficult to generalise our results to other countries, the results of this study are still likely to be 17 

of relevance in many high-income countries with similarly high levels of physical inactivity. It would 18 

seem likely that a programme such as MobileMums would provide good value for money if provided 19 

in such countries. However, this is an area where further research is required. 20 

CONCLUSION 21 

MobileMums can be expected to be a cost-effective use of health resources in Queensland, 22 

Australia. If the objective of Queensland Health is to maximise population health outcomes given a 23 

finite budget, then MobileMums should be freely provided. 24 

 25 

Figure 1  Outline of the Markov model used to estimate the costs and effects of MobileMums 26 

and usual care 27 

Figure 2  The expected (mean) effect of MobileMums on activity levels 28 

Figure 3  Cost-effectiveness plane for MobileMums versus usual care with 1,000 sets of 29 

incremental costs and effects randomly drawn from the 10,000 Monte Carlo simulations along with 30 

the expected (mean) incremental costs and effects and a cost-effectiveness threshold of 64,000 AUD 31 

 32 

 33 

 34 
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Figure 1 Outline of the Markov model used to estimate the costs and effects of MobileMums and usual care  
115x41mm (600 x 600 DPI)  

 

 

Page 15 of 20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007226 on 29 A

pril 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

  

 

 

Figure 2 The expected (mean) effect of MobileMums on activity levels  
91x48mm (600 x 600 DPI)  
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Figure 3 Cost-effectiveness plane for MobileMums versus usual care with 1,000 sets of incremental costs and 
effects randomly drawn from the 10,000 Monte Carlo simulations along with the expected (mean) 

incremental costs and effects and a cost-effectiveness threshold of 64,000 AUD  
101x58mm (600 x 600 DPI)  
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ABSTRACT 1 

Objectives 2 

To determine the cost-effectiveness of the MobileMums intervention. MobileMums is a 12-week 3 

programme which assists mothers with young children to be more physically active, primarily 4 

through the use of personalised SMS text-messages. 5 

Design 6 

A cost-effectiveness analysis using a Markov model to estimate and compare the costs and 7 

consequences of MobileMums and usual care. 8 

Setting 9 

This study considers the cost-effectiveness of MobileMums in Queensland, Australia.  10 

Participants 11 

A hypothetical cohort of over 36,000 women with a child under one year old is considered. These 12 

women are expected to be eligible and willing to participate in the intervention in Queensland, 13 

Australia. 14 

Data sources 15 

The model was informed by the effectiveness results from a 9-month two-arm community-based 16 

randomised controlled trial undertaken in 2011 and registered retrospectively with the Australian 17 

Clinical Trials Registry (ACTRN12611000481976). Baseline characteristics for the model cohort, 18 

treatment effects, and resource utilisation were all informed by this trial.  19 

Main outcome measures 20 

The incremental cost per quality-adjusted life year (QALY) of MobileMums compared with usual 21 

care. 22 

Results 23 

The intervention is estimated to lead to an increase of 131 QALYs for an additional cost to the health 24 

system of 1.1 million Australian dollars (AUD). The expected incremental cost-effectiveness ratio for 25 

MobileMums is 8,608 AUD per QALY gained. MobileMums has a 98% probability of being cost-26 

effective at a cost-effectiveness threshold of 64,000 AUD. Varying modelling assumptions has little 27 

effect on this result. 28 

Conclusions 29 

At a cost-effectiveness threshold of 64,000 AUD, MobileMums would likely be a cost-effective use of 30 

health care resources in Queensland, Australia. 31 

 32 

 33 

  34 
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ARTICLE SUMMARY 1 

Article focus 2 

• This paper estimates the cost-effectiveness of the MobileMums intervention for Queensland, 3 

Australia. 4 

Key messages 5 

• MobileMums is likely a cost-effective use of health care resources in Queensland, Australia. 6 

Strengths and limitations of the study 7 

• The analysis is informed by the results from a recent two-arm randomised controlled trial of 8 

MobileMums and usual care.  9 

• Uncertainty around the costs and consequences of MobileMums and usual care has been 10 

quantified and has little effect on the conclusions of the analysis. 11 

• The model’s simplicity, with physical activity levels split into only two categories, means that 12 

small changes in an individual’s activity would likely not be valued.  13 
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INTRODUCTION 1 

Physical inactivity is a leading cause of lost years of healthy life in high-income countries, where 2 

chronic diseases are a leading cause of mortality and morbidity.[1] An insufficient level of physical 3 

activity, defined as less than 30 minutes of moderate- to vigorous-intensity physical activity on at 4 

least five days a week, is directly associated with a number of diseases including coronary heart 5 

disease, type 2 diabetes, breast cancer and colon cancer.[2] Physical inactivity is also indirectly linked 6 

to the negative health consequences of high body mass and high blood pressure, which include 7 

many of the aforementioned chronic conditions.[1]  8 

Fifty-seven percent of Australia’s adult population were insufficiently active in 2011–12.[3] Begg et 9 

al.[4] estimate that 6.6% of the total disease burden in Australia is caused by physical inactivity, 10 

explaining around 24% of both cardiovascular disease and diabetes, and around 6% of all cancers. 11 

Based on these results, Cadilhac et al.[5] estimate that each year insufficient physical activity causes 12 

45,000 new cases of disease which are associated with a loss of 174,000 disability-adjusted life-years 13 

in Australia. Inequalities in activity levels exist, with inactivity more likely in older people, those of 14 

lower socioeconomic status, those outside of major cities, and women.[6] Indeed, women with 15 

young children are more likely to be physically inactive than both women with no children[7, 8] and 16 

women with older children,[9, 10] and it is this group who are the focus of the MobileMums 17 

intervention evaluated here. 18 

The MobileMums programme is a 12-week intervention designed to assist women with young 19 

children increase their physical activity. The intervention’s development has previously been 20 

discussed.[11] MobileMums is initiated with a face-to-face consultation between the participant and 21 

a trained behavioural counsellor. The consultation is used to establish rapport between the 22 

participant and counsellor, to gather information required to tailor and personalise text-message 23 

content and to initiate the process of behaviour change through personalised goal setting.[11] 24 

Participants receive five text-messages per week during weeks 1 to 4 of the intervention and four 25 

text-messages per week during weeks 5 to 12. The messages are personalised based on the 26 

participant's name, the name of their counsellor, the participant’s goals and their expected rewards 27 

and outcomes for achieving these goals. In addition to receiving the text-messages, participants also 28 

have access to a programme handbook, an on-line exercise directory and a Facebook© group. They 29 

also receive a refrigerator magnet for self-monitoring and standard information brochures on 30 

physical activity. As well as requiring behavioural counsellors, delivering the intervention requires 31 

programme coordinators to manage the counsellors, assign participants to a counsellor, oversee the 32 

text-messages being sent and received, and to organise sending other programme materials to 33 

participants.  34 

In Australia health resources are generally allocated on a state or territory basis[12] and so a 35 

decision on whether to fund MobileMums would be made by individual states or territories. The 36 

alternative course of action would be to provide usual care. The purpose of this paper is to consider 37 

this decision of whether to provide MobileMums or usual care from the perspective of Queensland 38 

Health, the government department responsible for managing the public health system in 39 

Queensland, Australia.  40 

It is assumed that the overarching objective of Queensland Health is to maximise population health 41 

subject to their budget. This, therefore, supports the need for an economic evaluation of 42 

MobileMums to consider the intervention’s value for money. While this evaluation is specific to the 43 

funding decision faced by Queensland Health, it can be expected that the results reported here will 44 

be directly applicable to similar decisions in other Australian states and territories. The 45 

generalisability of the results to other high-income countries may be more limited, for example 46 

because of differences in the volume and cost of resource use between countries,[13] but the results 47 

are likely to be of relevance for all countries experiencing high levels of physical inactivity. 48 
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METHODS 1 

Study population 2 

It is expected that MobileMums would be offered to all women with children under one year old in 3 

Queensland, Australia, regardless of their current level of physical activity. With 61,020 women 4 

giving birth in Queensland in 2010 and with 413 fetal deaths,[14] the number of women eligible for 5 

the intervention in 2011 was 60,607. We expect around 60% of women who were offered the 6 

intervention would participate. This is based on the randomised control trial conducted in 2011,[15, 7 

16] where of the 511 women assessed for eligibility 306 commenced the baseline assessment. This 8 

gives 36,364 women in Queensland who would be eligible and willing to participate in the 9 

MobileMums intervention in 2011, and this is the baseline cohort size considered for this study. This 10 

participation estimate of 60% is likely conservative, as the program would not include the time-11 

consuming assessments that were undertaken purely for research purposes. Given the uncertainty 12 

around this estimate, we consider the effects of reducing this cohort size by 50% to 18,182 women, 13 

and increasing it by 50% to 54,546 women. 14 

Modelling health outcomes and costs 15 

A state-based Markov model provides the framework for this analysis and is used to estimate the 16 

costs and consequences associated with MobileMums and usual care. The development of the 17 

model has been informed by the effectiveness results from a 9-month two-arm community-based 18 

randomised controlled trial undertaken in 2011.[15] 263 women from around Caboolture, 19 

Queensland, received usual care (n=130) or the MobileMums intervention (n=133).[16] Data were 20 

collected prior to the intervention being received (time 1 – T1: 0 months), after the 12-week 21 

MobileMums programme was completed (T2: 3 months) and again after a further 6 month no-22 

contact maintenance period (T3: 9 months). Due to an administrative error the trial was registered 23 

retrospectively with the Australian Clinical Trials Registry (ACTRN12611000481976) and 26 of the 24 

trial participants were already receiving MobileMums or usual care by the time of registration. 25 

However, none of these participants had passed T2 when the trial was registered. 26 

The main efficacy  findings from the trial have been reported in detail by Fjeldsoe et al.[15]  Briefly, 27 

while the intervention had a large and statistically significant beneficial effect on activity levels 28 

between T1 and T2, there was no statistically significant effect at T3, although the estimated 29 

increase in activity remained positive. These results suggest that MobileMums can only be expected 30 

to have an effect on activity levels in the short-term. Under the assumption that only long-term 31 

changes in activity levels affect the risk of an individual developing future chronic health conditions, 32 

the time horizon of the model used here is two years.  33 

There are just two states in the model with participants either ‘physically inactive’ or ‘physically 34 

active’, and an individual is required to be undertaking 30 minutes of moderate- to vigorous-35 

intensity physical activity on at least five days a week to be classified as active. An effective physical 36 

inactivity intervention increases the likelihood that inactive individuals become active (tpImprove) 37 

and/or reduces the likelihood that active individuals become inactive (tpRegress). Individuals move 38 

between states using monthly cycles, and spending a month as active or inactive has a cost and 39 

health outcome associated with it (described below). An outline of the model is shown in figure 1. 40 

Health effects  41 

To estimate the value for money of MobileMums, health effects are expressed in terms of quality-42 

adjusted life-years (QALYs). Given the design of the model used, MobileMums can only affect health-43 

related quality-of life, with no mortality effects. The health-related quality-of-life associated with 44 

being physically active or inactive was estimated from participants’ responses to SF-12 45 

questionnaires at T1, T2 and T3. Mean imputation was used for missing questionnaire data at each 46 
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time period (1% of participants at T1, 13% at T2, and 32% at T3). Two errors were made in the 1 

printing of the SF-12 questionnaires. First, at T1 one question from the SF-12 was omitted in error, 2 

and so scores were randomly generated for this dimension. Second, one of the questions offered 3 

one too many potential responses at all time periods, and so those who selected this superfluous 4 

response were evenly split and moved into either the next best or next worst choice.  5 

Questionnaire responses were transformed into the EQ-5D, a standardised measure of health 6 

outcomes, using an algorithm provided by Gray et al.[17] which provides utility scores close to group 7 

means, especially for individuals not in poor health. This approach generates health-related quality-8 

of-life scores associated with spending a year as physically active or inactive which could range 9 

between 0 (equivalent to death) and 1 (equivalent to perfect health). Monthly scores were simply 10 

one-twelfth of this. QALYs and costs in the second year were discounted at 5% following the relevant 11 

guidelines.[18, 19] 12 

Costing perspective  13 

This study is intended to inform decision making regarding resource allocation across the health 14 

system in Queensland. Consequently, a health system perspective is taken, with only the costs borne 15 

by the health system included.[20] While costs falling outside of the health system, such as the cost 16 

to participants of purchasing goods or services related to undertaking exercise, may be of interest, 17 

they are not are not of direct relevance given the perspective taken here and so have been excluded. 18 

All costs reported have been inflated to 2014 AUD and any costs accruing in the second year of the 19 

model have been discounted at 5% in line with guidelines for submission to the Medical Services 20 

Advisory Committee[18] and the Pharmaceutical Benefits Advisory Committee[19] in Australia. 21 

The estimated cost of providing MobileMums across Queensland is based on the costs of delivering 22 

the intervention in the randomised controlled trial.[16] To extrapolate these costs, assumptions 23 

have been required concerning number of behavioural counsellors and programme coordinators 24 

required for widespread dissemination. It is assumed that counsellors could be assigned to 30 25 

participants per week, while coordinators could cover five counsellors and their participants per 26 

week. Counsellors and coordinators are assumed to be health practitioners with, on average, 2 years 27 

in their current role and, in terms of Queensland Health’s salary scale,[21] paid at a HP3 (6,092 AUD 28 

per month) and a HP4 (8,150 AUD per month) level, respectively. The costs of developing the 29 

computer programme to send text-messages, sending the text- messages and providing other 30 

programme materials are assumed to be the same as in the trial.  31 

In addition to the costs of delivering the intervention, the costs relating to participants health care 32 

use have also been incorporated. If the intervention reduces future health care use then the cost 33 

saving associated will counterbalance the cost of providing MobileMums. Participants’ reported their 34 

use of health care services at T1, T2 and T3 and the average use of those who were physically active 35 

and inactive were estimated. As with the SF-12, mean imputation was used for missing data (0% of 36 

participants at T1, 12% at T2, and 31% at T3). The associated costs were estimated using the 37 

Medicare Benefits Schedule for July 2011[22] and Australian hospital statistics.[23]  38 

Expected effects 39 

The purpose of this evaluation is to estimate the expected value for money of the MobileMums 40 

intervention, which is indicated by the incremental cost effectiveness ratio (ICER) for MobileMums. 41 

This ratio is given by the expected (mean) change in costs associated with the intervention divided 42 

by the expected change in QALYs.[24] This ratio can then be compared against a cost-effectiveness 43 

threshold. The threshold used here is 64,000 AUD which is based on the estimate by Shiroiwa et 44 

al.[25] of the willingness-to-pay for an additional QALY in Australia. If the cost effectiveness ratio for 45 

MobileMums falls below 64,000 AUD then the intervention can be expected to be ‘cost-effective’. 46 

Page 6 of 20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007226 on 29 A

pril 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

7 

 

Uncertainty 1 

Parameter uncertainty was quantified using Monte Carlo simulations, with the model evaluated 2 

10,000 times, with each simulation involving random draws from each parameter distribution. These 3 

distributions are based on the trial data, with transition probabilities and QALYs given beta 4 

distributions, while health care utilisation and its associated costs assigned gamma distributions and 5 

uniform distributions respectively. This produces 10,000 pairs of incremental costs and effects, and 6 

these are presented on a cost-effectiveness plane along with the expected costs and effects and the 7 

cost-effectiveness threshold. The probability that MobileMums is cost-effective is given by the 8 

proportion of pairs of incremental costs and benefits at which the intervention would be considered 9 

cost-effective. The percentage of pairs where the change in QALYs is positive and the change in costs 10 

is negative is equal to the probability that MobileMums is cost-saving. It is also possible to estimate 11 

credible intervals around the expected change in costs and QALYs by taking percentiles of the costs 12 

and QALYs produced in the Monte Carlo analysis.[26] 13 

Uncertainty also exists surrounding the modelling assumptions. In particular, three areas stand out 14 

for particularly onerous assumptions: transition probabilities after nine months (T3), the number of 15 

programme counsellors and coordinators required, and the number of women who would be 16 

eligible and willing to participate in the trial. The assumptions used for these areas are the subject of 17 

scenario analyses. First, the model is reassessed under the assumption that after T3 all programme 18 

activity effects are mitigated entirely, and then again under the assumption that the estimated 19 

treatment effect observed at T3 is maintained for a further 15 months, at which point the treatment 20 

effect is entirely mitigated. Second, the number of counsellors and coordinators required is 21 

increased by 50% and reduced by 50%. And lastly, increasing the cohort size by 50% and reducing it 22 

by 50% is considered.  23 

RESULTS 24 

Average effects 25 

The input variables are detailed in Table 1. Around 70% of the women entering the model at T1 are 26 

expected to be physically inactive. Under usual care there is a small and gradual expected positive 27 

net movement from inactive to active over time, and after 24 months around 35 percent of the 28 

initial cohort are expected to be in the active state. The expected effect of MobileMums is to cause a 29 

substantial increase in physical activity over the duration of the 12-week intervention, with 50 30 

percent of the participants expected to be in the active state at T2. Following the intervention 31 

gradual reduction in the proportion of active participants each month is expected, until after 16 32 

months whereby the effect of MobileMums has been mitigated entirely. These expected changes in 33 

activity levels are presented in figure 2. 34 

 35 

 
  Mean  

Standard 

error 
Distribution 

Probability of being inactive at T1   0.71  0.03 Beta 

Probability of moving from inactive to 

active (tpImprove) 

Usual Care (T1 to T2) 0.20  0.04 Beta 

MobileMums (T1 to T2) 0.35  0.05 Beta 

Usual Care (T2 to T3) 0.14  0.04 Beta 

MobileMums (T2 to T3) 0.26  0.05 Beta 

Page 7 of 20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007226 on 29 A

pril 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

8 

 

 

Probability of moving from active to 

inactive (tpRegress) 

Usual Care (T1 to T2) 0.43  0.08 Beta 

MobileMums (T1 to T2) 0.18  0.06 Beta 

Usual Care (T2 to T3) 0.33  0.07 Beta 

MobileMums (T2 to T3) 0.45  0.06 Beta 

Monthly health care utilisation costs 

(2014 AUD per participant) 

Physically active 53.30 39.20 
Uniform and 

Gamma* 

Physically inactive 75.40 32.62 
Uniform and 

Gamma* 

Cost of delivering MobileMums (2014 

AUD per participant) 
 

62.64  13.08 Uniform 

EQ5D score 

 Inactive 0.78 0.01 Beta 

 Active 0.81 0.01 Beta 

* A uniform distribution for health care costs and a gamma distribution for health care utilisation  1 

Table 1  Input variables for the Markov model 2 

Time spent in the active state is expected to provide slightly higher utility than time spent in the 3 

inactive state, with a year spent as physically active associated with a health-related quality-of-life 4 

score of 0.81 compared with 0.78 for a year spent as physically inactive. As MobileMums is expected 5 

to increase the total number of months spent by the cohort in the active state, the intervention can 6 

therefore also be expected to improve health-related quality-of-life. Over 24 months, MobileMums 7 

is estimated to lead to an increase of 131 QALYs across the cohort of 36,364 women or, equivalently, 8 

0.0036 QALYs per person.  9 

The expected cost of delivering MobileMums to the cohort is 2,277,950 AUD, or 63 AUD per person. 10 

The breakdown for this cost is shown in Table 2. Almost half the cost is due to the behavioural 11 

counsellors. While there are significant costs associated with setting up the programme, such as the 12 

development of a computer programme to send personalised text-messages, these costs are of little 13 

consequence with a cohort of 36,364 women.  14 

  
 

Total cost 

(AUD) 

Cost per participant 

(AUD) 

Development of the computer program for sending 

automated text-messages  
14,204 0.39 

Sending text-messages  620,999 17.08 

Providing additional programme materials   621,388 17.08 

Behavioural counsellors (24 required) 

Salaries 438,628 12.06 

Equipment 36,231 0.99 

Travel costs 388,368 10.68 

Programme coordinators (5 required) 
Salaries 122,248 3.36 

Office costs 35,885 0.98 

 Total 
 

2,277,950 62.64 

Table 2  Estimated costs of delivering MobileMums in Queensland, Australia, in 2014 AUD 15 
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Based on data from the trial it is estimated that active individuals cost the health system 53 AUD a 1 

month on average, while inactive individuals cost 75 AUD per month. As MobileMums reduces the 2 

average number of months spent in the inactive state, the cost of delivering the intervention is 3 

partly offset by an expected reduction in these health care costs. As a result, the total expected 4 

incremental cost to the health system from introducing MobileMums is 1,124,209 million AUD, or 31 5 

AUD per person.   6 

With an expected (mean) incremental cost of 1,124,209 million AUD and an incremental 7 

improvement in health outcomes of 130 QALYs, the cost-effectiveness ratio for MobileMums is 8 

approximately 8,608 AUD per QALY. At a cost-effectiveness threshold of 64,000 AUD, the 9 

intervention can therefore be expected to be cost-effective.   10 

Uncertainty 11 

The pairs of incremental costs and consequences produced by the Monte Carlo simulation are 12 

shown in figure 3. MobileMums has a 98% probability of being cost-effective at a threshold of 64,000 13 

AUD (98% of simulations are below the sloped threshold line). The intervention has around a 19% 14 

probability of being cost-saving and health-improving (19% of simulations are in the south-east 15 

quadrant).  16 

The results from the scenario analyses are presented in Table 3. None of the changes in assumptions 17 

had any substantial effect on the probability that MobileMums is cost-effective at a threshold of 18 

64,000 AUD, which remained over 95% under all scenarios. Changes in the assumption surrounding 19 

the maintenance of changes in activity levels into the future did, however, have a substantial effect 20 

on the probability that MobileMums is cost-saving. If changes were entirely mitigated after 9 months 21 

(T3) then the intervention would only have a 1% chance of being cost-saving, while if the observed 22 

difference in activity levels at T3 was maintained for up to 24 months MobileMums would have a 23 

39% probability of being cost-saving.  24 

 
Mean change (95% credible interval) 

caused by MobileMums 
 

Probability 

MobileMums is 

Scenario  Total costs (AUD) QALYs 

Expected 

(mean) 

ICER 

Cost-

effective* 

Cost-

saving 

Base case 
1,124,209 

(1,102,044to1,146,374)  

131 

(126 to 135) 
8,608 98% 19% 

Changes in activity levels 

entirely mitigated at 9 

months (T3) 

1,363,736 

(1,363,736to 1,372,716 

103 

(102 to 105) 
13,186 97% 1% 

Changes in activity levels 

maintained from 9 months 

to 24 months 

240,173 

(217,066 to 263,281) 

232 

(227 to 236) 
1,037 97% 39% 

Number of counsellors and 

coordinators required 

increased by 50% 

1,456,518  

(1,434,365 to 

1,478,670) 

131  

(126 to 135) 
11,152 98% 15% 

Number of counsellors and 

coordinators required 

reduced by 50% 

823,527  

(802,374to 844,680) 

130 

 (127 to 134) 
6,306 98% 24% 

Cohort size increased by 

50% to 54,546 women 

1,643,613 

(1,610,282 to 

1,676,943) 

196 

(190 to 202) 
8,390 98% 20% 

Cohort size reduced by 50% 

to 18,182 

585,020  

(574,005 to 

596,035) 

65 

(63 to 67) 
8,959 98% 17% 

ICER: incremental cost-effectiveness ratio 25 
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* at a threshold of 64,000 AUD 1 

Table 3  Results from the scenario analyses which examine whether the intervention remains cost-2 

effective for a range of assumptions.  3 

DISCUSSION  4 

Principal findings 5 

The results from this study suggest the MobileMums intervention would be a cost-effective use of 6 

health resources in Queensland, Australia. While the expected health benefits of the intervention 7 

are modest, with an average health improvement of only 0.0036 additional QALYs, the cost of the 8 

intervention, after taking into account reduced health care utilisation, is low at just 31 AUD per 9 

person. Consequently, the expected cost-effectiveness ratio is 8,608 AUD per QALY, which is far 10 

below the estimated willingness to pay for an additional QALY in Australia of 64,000 AUD.[5] Neither 11 

parameter nor modelling uncertainty have a substantial effect on this conclusion. 12 

Study strengths and limitations 13 

This study has been largely informed by the results of a recent 9-month randomised controlled trial. 14 

By using a decision-analytic model, it was possible to extrapolate these findings to consider the costs 15 

and consequences of MobileMums if it were offered in practice to a large cohort of women and to 16 

account for expected costs and consequences beyond the trial’s time horizon.  Although several 17 

assumptions underpin this approach, they were subjected to sensitivity analyses which have shown 18 

them to have little effect on the overall conclusion that the intervention is likely cost-effective. 19 

With the effect of MobileMums on activity levels expected to last for less than two years, and under 20 

the conservative assumption that only longer-term changes in activity will affect the risk of an 21 

individual developing future chronic health conditions, the model used here is only required to have 22 

a short-time horizon. However, if MobileMums does prompt some long-term improvements in 23 

physical activity then the benefits of the intervention will be understated. In addition, while the 24 

simplicity of the model used has advantages, particularly for ease of exposition, there are 25 

limitations. In particular, only those changes in activity enough to move participants between the 26 

two states of the model are captured, with any changes of activity levels within a state overlooked.  27 

Comparison with other studies 28 

While a number of economic evaluations of physical activity interventions have been undertaken, 29 

there is significant methodological heterogeneity making direct comparisons difficult in many cases. 30 

Of those studies which use a similar methodology, i.e. using a decision-analytic model as a 31 

framework for analysis with the cost per quality-adjusted (or disability-adjusted) life-year estimated, 32 

many of the interventions are found to be cost-effective. For example, the ‘green prescription’ 33 

programme in New Zealand is found to have an incremental cost of 3,000 AUD per QALY,[27] while 34 

Cobiac et al.[28] found a pedometer intervention in Australia to be cost-saving and an internet-35 

based intervention to have an incremental cost of 4,000 AUD per QALY. However, the cost-36 

effectiveness of such physical activity intervention is by no means guaranteed. Cobiac et al.[28] find 37 

that a referral to exercise scheme has an incremental cost of 100,000 AUD per QALY, while a 8-week 38 

social support programme was found by Roux et al.[29] to have an incremental cost of 95,000 AUD 39 

per QALY.  40 

Interestingly, while these other studies typically assumed that the benefit from physical activity 41 

interventions was only through reducing the incidence of future chronic diseases, this study 42 

demonstrates that they are also likely to produce an immediate improvement in health-related 43 

quality-of-life. Active participants in the trial of MobileMums reported higher health-related quality-44 
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of-life than those who were physically inactive, so that MobileMums is expected to be cost-effective 1 

even without any long-term changes in activity levels. With this immediate improvement in quality-2 

of-life missed in most analyses of physical activity interventions, these studies may well have 3 

underestimated the full benefits from effective physical activity interventions. 4 

Policy implications 5 

Health prevention programmes in Queensland, and across Australia, have recently been going 6 

through a period of disinvestment. However, if the goal of the health system is to maximise health 7 

outcomes then there seems little reason for prevention health interventions to be treated any 8 

differently to a curative intervention. While the MobileMums intervention can only be expected to 9 

provide a modest improvement in health-related quality of life for the average participant, it does 10 

provide a meaningful improvement in terms of population health. Health care resources should be 11 

directed to those uses which provide best value for money, i.e., the greatest improvement in health 12 

outcomes for a given level of cost. Given the relatively low cost of delivering MobileMums, the 13 

intervention can be expected to provide good value for money and is likely a cost-effective use of 14 

health care resources given the estimated willingness-to-pay for an additional QALY in Australia. 15 

Providing the intervention across Australia can be expected to provide a similar level of value for 16 

money. Levels of physical inactivity are similar across Australia[3] and costs, such as those associated 17 

with the counsellors and coordinators, should also be comparable. While differences in costs make it 18 

more difficult to generalise our results to other countries, the results of this study are still likely to be 19 

of relevance in many high-income countries with similarly high levels of physical inactivity. It would 20 

seem likely that a programme such as MobileMums would provide good value for money if provided 21 

in such countries. However, this is an area where further research is required. 22 

CONCLUSION 23 

MobileMums can be expected to be a cost-effective use of health resources in Queensland, 24 

Australia. If the objective of Queensland Health is to maximise population health outcomes given a 25 

finite budget, then MobileMums should be freely provided. 26 

 27 

Figure 1  Outline of the Markov model used to estimate the costs and effects of MobileMums 28 

and usual care 29 

Figure 2  The expected (mean) effect of MobileMums on activity levels 30 

Figure 3  Cost-effectiveness plane for MobileMums versus usual care with 1,000 sets of 31 

incremental costs and effects randomly drawn from the 10,000 Monte Carlo simulations along with 32 

the expected (mean) incremental costs and effects and a cost-effectiveness threshold of 64,000 AUD 33 

 34 

 35 
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Figure 1 Outline of the Markov model used to estimate the costs and effects of MobileMums and usual care  
115x41mm (600 x 600 DPI)  
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Figure 2 The expected (mean) effect of MobileMums on activity levels  
91x48mm (600 x 600 DPI)  
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Figure 3 Cost-effectiveness plane for MobileMums versus usual care with 1,000 sets of incremental costs and 
effects randomly drawn from the 10,000 Monte Carlo simulations along with the expected (mean) 

incremental costs and effects and a cost-effectiveness threshold of 64,000 AUD  
101x58mm (600 x 600 DPI)  
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Describe0any0adjustments0made0to0approximate0to0opportunity0
costs-

6Tb Model-based economic evaluation: Describe approaches0and0
data0sources0used0to0estimate0resource0use0associated0with0
model0health0states-0Describe0primary0or0secondary0research0
methods0for0valuing0each0resource0item0in0terms0of0its0unit0
cost-0Describe0any0adjustments0made0to0approximate0to0
opportunity0costs-

Currencyq0price0dateq0
and0conversion

6; Report0the0dates0of0the0estimated0resource0quantities0and0unit0
costs-0Describe0methods0for0adjusting0estimated0unit0costs0to0
the0year0of0reported0costs0if0necessary-0Describe0methods0for0
converting0costs0into0a0common0currency0base0and0the0
exchange0rate-

Choice0of0model 68 Describe0and0give0reasons0for0the0specific0type0of0decision5
analytical0model0used-0Providing0a0figure0to0show0model0
structure0is0strongly0recommended-

Assumptions 66 Describe0all0structural0or0other0assumptions0underpinning0the0
decision5analytical model-

Analytical methods 67 Describe0all0analytical methods0supporting0the0evaluation-0This0
could0include0methods0for0dealing0with0skewedq0missingq or0
censored0data; extrapolation0methods; methods0for0pooling0
data; approaches0to0validate0or0make0adjustments03such0as0half0
cycle0correctionsj0to0a0model; and0methods0for0handling0
population0heterogeneity0and0uncertainty-

Results
Study0parameters 68 Report0the0valuesq0rangesq0referencesq0andq0if0usedq0probability0

distributions0for0all0parameters-0Report0reasons0or0sources0for0
distributions0used0to0represent0uncertainty0where0appropriate-0
Providing0a0table0to0show0the0input0values0is0strongly0
recommended-

Page 9
Lines 194-200

Pages 6,7
Lines 123-144

Pages 7,8
Lines 150-163

Pages 8,9
Lines 173-189

Page 8
Lines 170-172

Page 9
Lines 122-144

Pages 6,8
Lines 135-136, 
174-176

Page 7,9
Lines 148-163, 
187-189

Page 11
Line 236

Page 19 of 20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007226 on 29 A

pril 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review
 only

ConsolidatedOHealthOEconomicOEvaluationOReportingOStandardsO– CHEERSOChecklist A

IncrementalOcostsOandO
outcomes

)5 ForOeachOinterventionwOreportOmeanOvaluesOforOtheOmainO
categoriesOofOestimatedOcostsOandOoutcomesOofOinterestwOasOwellO
asOmeanOdifferencesObetweenOtheOcomparatorOgroupsDOIfO
applicablewOreportOincrementalOcost/effectivenessOratiosD

CharacterisingO
uncertainty

—(a Single study-based economic evaluation: DescribeOtheOeffectsO
ofOsamplingOuncertaintyOforOtheOestimatedOincrementalOcostOandO
incrementalOeffectivenessOparametersw togetherOwithOtheOimpactO
ofOmethodologicalOassumptions IsuchOas discountOratewOstudyO
perspectivePD

—(b Model-based economic evaluation: DescribeOtheOeffectsOonOtheO
resultsOofOuncertaintyOforOallOinputOparameterswOandOuncertaintyO
relatedOtoOtheOstructureOofOtheOmodelOandOassumptionsD

CharacterisingO
heterogeneity

—) IfOapplicablewOreport differencesOinOcostswOoutcomesw orOcost/
effectivenessOthatOcanObeOexplainedObyOvariationsObetweenO
subgroupsOofOpatientsOwithOdifferentObaselineOcharacteristicsOorO
otherOobservedOvariabilityOinOeffectsOthatOareOnotOreducibleObyO
moreOinformationD

Discussion
StudyOfindingswO
limitationswO
generalisabilitywOandO
currentOknowledge

—— SummariseOkeyOstudyOfindingsOandOdescribeOhowOtheyOsupportO
theOconclusionsOreachedD DiscussOlimitationsOandOtheO
generalisabilityOofOtheOfindingsOandOhowOtheOfindingsOfitOwithO
currentOknowledgeD

Other
SourceOofOfunding —A DescribeOhowOtheOstudyOwasOfundedOandOtheOroleOofOtheOfunderO

inOtheOidentificationwOdesignwOconductw andOreportingOofOtheO
analysisDODescribeOotherOnon/monetaryOsourcesOofOsupportD

ConflictsOofOinterest —V DescribeOanyOpotentialOforOconflictOofOinterestOofOstudyO
contributorsOinOaccordanceOwithOjournalOpolicyDOInOtheOabsenceO
ofOaOjournalOpolicywOweOrecommendOauthorsOcomplyOwithO
InternationalOCommitteeOofOMedicalOJournalOEditors
recommendationsD

ForOconsistencywOtheOCHEERSOStatementOchecklistOformatOisObasedOonOtheOformatOofOtheOCONSORTO
statementOchecklist

The CHEERS Statement mayObeOaccessedObyOtheOpublicationOlinksOaboveD

TheOISPOR CHEERS Task Force Report providesOexamplesOandOfurtherOdiscussionOofOtheO—V/itemO
CHEERSOChecklistOandOtheOCHEERSOStatementDO ItOmayObeOaccessedOviaOtheOValue in Health linkOorOviaOtheO
ISPOROHealthOEconomicOEvaluationOPublicationOGuidelinesO– CHEERS9OGoodOReportingOPracticesO
webpage9Ohttp9MMwwwDisporDorgMTaskForcesMEconomicPubGuidelinesDasp

TheOcitationOforOtheOCHEERSOTaskOForceOReportOis9
HusereauODwODrummondOMwOPetrouOSwOetOalDOConsolidatedOhealthOeconomicOevaluationOreportingOstandardsO
ICHEERSP—ExplanationOandOelaboration9OAOreportOofOtheOISPOROhealthOeconomicOevaluationsOpublicationO
guidelinesOgoodOreportingOpracticesOtaskOforceDOValueOHealthO—()Aj)19—A)/0(DO

Page 12
Lines 256-259

Pages 12,13
Lines 260-276

N/A

Page 13-16
Lines 277-344

Page 17
Lines 367-369

Page 17
Lines 370-371

Page 20 of 20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2014-007226 on 29 A

pril 2015. D
ow

nloaded from
 

http://bmjopen.bmj.com/

