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    Abstract
Background Levels of measles in England and Wales are at their highest for 18 years, and strategies targeting the different groups of parents who do not vaccinate their children continue to be needed. Decision aids for decisions regarding childhood immunisation appear to be effective in achieving an increase in vaccine uptake but their cost effectiveness is unknown.

Aim To assess the cost effectiveness of a web-based decision aid to increase uptake of the MMR vaccine.

Design and setting Economic evaluation conducted alongside a cluster randomised controlled trial using urban GP practices in the north of England.

Method Fifty GP practices in the north of England were randomised to one of three trial arms: decision aid, leaflet, usual practice. A total of 220 first-time parents (child aged 3–12 months) were recruited. Parents self-reported their contacts with the NHS and other previous/expected resource utilisation; associated costs were calculated. Vaccine-uptake data were collected from GP practices. A cost-effectiveness analysis was undertaken and provided the incremental cost per first-vaccine uptake. Multiple imputation was used to account for missing data and findings were adjusted for baseline differences in parents’ levels of decisional conflict regarding MMR vaccination.

Results Of the 220 first-time parents recruited to the study, 179 completed the baseline and post-intervention questionnaires. MMR uptake was highest for those receiving the decision aid (42 out of 42, 100%) versus usual practice (61 out of 62, 98%) and leaflet arm (69 out of 75, 92%), and was associated with lower cost (–£9.20 versus usual practice and –£7.17 versus leaflet).

Conclusion The decision aid has a high chance of being cost effective, regardless of the value placed on obtaining additional vaccinations. It also appears to offer an efficient means of decision support for parents.


	cost effectiveness
	decision aids
	immunisation
	MMR
	vaccination

INTRODUCTION
In England and Wales, the decline in the uptake of the combined measles, mumps, and rubella (MMR) vaccine following Wakefield et al’s now discredited study1 continues to reverse.2 However, at 92% (first dose by 24 months) and 88% (first and second dose by 5 years), it remains below the 95% target required for population immunity.3 Levels of measles are at their highest for 18 years.4 Outbreaks in the UK and elsewhere are partially attributable to vaccine refusal and delay by parents;5,6 as such, strategies targeting parents who do not vaccinate their children on time continue to be needed.6,7
A critical factor shaping parental attitudes to vaccination is their interactions with primary care health professionals; the goal of the vaccination encounter is to promote a quality (informed) decision and, ultimately, vaccination.8 Information provided by health professionals about MMR vaccination (for example, MMR: The Facts 9) emphasises the risks of not having the vaccine, with the aim of increasing uptake. Decision aids come in a variety of formats such as leaflets, DVDs, or web-based tools. They provide written and graphical information relevant to healthcare decisions. Importantly they provide detailed information on both the probable risks and benefits of having, and not having, the MMR vaccination. Decision aids also prompt people to actively evaluate this information in accordance with their values in order to make a decision.10
The concern about using decision aids in the context of vaccination is that encouraging people to deliberate about their MMR beliefs may affect their motivation to vaccinate.11–13 However, increasing evidence,14,15 including the findings from the recently published Detailed Evaluation of a Childhood Immunisation Decision Aid (DECIDA) study,16 suggests that decision aids for childhood vaccination decisions may actually achieve both informed decision making and increased vaccine uptake.
If decision aids are to be effective in increasing vaccine uptake or other positive health behaviours, it is important to determine whether they represent an efficient use of resources before committing to their routine use. There is relatively little existing literature on the cost effectiveness of decision aids; in addition, their cost effectiveness in comparison with usual care has not been investigated for childhood immunisation decisions. Most of the studies undertaken have investigated the cost of decision aids in contexts other than vaccination;17–25 only one study has considered cost effectiveness26 and that concerned modes of delivery in pregnancy. A systematic review of the impact of decision aids on costs savings27 has recently emphasised insufficient evidence to conclude whether they do, in fact, lead to such savings.
How this fits in
Measles in children who are unvaccinated against it can cause serious health problems, such as meningitis and brain damage, or even death. Levels of measles in England and Wales have not declined in the past 18 years and strategies targeting parents who don’t vaccinate their children are, therefore, required. Decision aids to help with decisions about childhood immunisation have been shown to be effective for vaccine uptake, but it has not yet been determined whether such aids are cost effective. This study revealed that a web-based decision aid appears to be a cost-effective use of NHS resources. The challenge now is to identify ways of implementing this tool into routine practice that are burdensome to neither health professionals nor parents.


The DECIDA study was the first randomised controlled trial (RCT) to evaluate the effectiveness of a decision aid for a childhood immunisation (MMR) decision. This article presents the economic evaluation for that study. Details of the trial design and the effectiveness findings are reported elsewhere.16

METHOD
Study design
The DECIDA study randomised GP practices in the north of England in a three-arm cluster RCT design.16 A total of 220 first-time parents whose first child was offered the first MMR vaccine dose (aged 3–12 months) received either:

	MMR decision aid plus usual practice. Parents were sent a web link (www.leedsmmr.co.uk) for the MMR decision aids and log-in instructions by post; they also received usual practice;

	MMR leaflet plus usual practice. Parents were sent NHS Health Scotland’s leaflet, MMR: Your Questions Answered 28 by post, and also received usual practice; or

	Usual practice only (control). Parents received the usual service provided by their GP practice.


Parents were contacted at recruitment by telephone to collect demographic data, then sent a postal baseline questionnaire. A second (post-intervention) questionnaire was sent 2 weeks after randomisation/intervention and included questions for the economic analysis that is presented here.
Recruitment and follow-up occurred from May 2009 until the end of September 2010. As the first dose of MMR is due at 12–13 months, it was assumed that all expenditures occurred within 12 months of initial contact, making discounting for future events unnecessary. The timeframe that provides the base year for the analysis is 2008–2009.

Trial outcomes
Decisional conflict
This was the primary outcome and was measured at both time points. It assessed a parent’s perception that their decision was:

	informed;

	in accordance with their values; and

	could be acted on.


Scores ranged from 1 to 5; values of <2 were associated with implementing informed decisions, whereas higher scores were interpreted as delaying decisions or feeling unsure about their implementation.29

Data on first-dose MMR uptake
These were collected from GP practices 9 months after recruitment. These data are routinely collected by GP practices and were transferred to the research team using a secure postal delivery service.

Resource utilisation
Data were collected in the post-intervention questionnaire. Parents reported the intended and actual number of contacts that were ‘mainly related to MMR’ they had had with health professionals since joining the study. They also reported their MMR-related personal expenditures on private health care, any purchases of information about MMR, travel costs, and loss of income due to any time they had taken off work to attend appointments. Resource utilisation for each item was compared across the three arms using analyses of variance. Intended and actual contacts were combined as an indicative total volume of resource use; this is motivated by the short time lapse between randomisation and completion of the questionnaire (2 weeks).


Analysis of cost data
Costs were assessed using both an NHS perspective and a societal perspective (that is, NHS plus parents’ costs), including those related to delivering the two interventions (MMR decision aids and MMR leaflet) as part of routine practice. Interventions were sent to parents with their routine MMR vaccination invitation letter. Details of the unit costs used to value NHS resource utilisation for the MMR leaflet, decision aid, and usual practice,30,31 are presented in Table 1.
View this table:	View inline
	View popup



Table 1. Data sources and unit costs used to cost MMR-related NHS resource use



Parents were also asked how easy it is to travel to their GP (very easy, fairly easy, fairly difficult, very difficult). A mean cost was calculated for each stated level of ease in access and used if parents indicated a level of ease of access but did not indicate a monetary cost for that travel. To account for missing values, multiple imputations by chained equations32,33 were used to impute missing baseline demographic data (costs, baseline decision conflict).

Cost-effectiveness analysis
The analysis computes incremental costs and vaccine uptake across the three arms. As there were different numbers of patients with low (<2) and high (≥2) baseline decisional conflict in each arm, patients within each arm were randomly selected to achieve the same mix of parents with ‘high decisional conflict’ and ‘low decisional conflict’. To account for potential sampling bias, this random selection was repeated 10 000 times to build up distributions for mean incremental costs and vaccine uptake. Whether an option is cost effective or not depends on whether it provides the greatest expected net benefit; that is, the balance of vaccine uptake and costs. The more value is placed on increasing uptake, the more likely it is that the treatments that provide greater uptake will be cost effective. Cost-effectiveness acceptability curves were used to express the likelihood that each of the three arms was the most cost-effective option as the value that might be attached to vaccinating one additional child was varied.


RESULTS
Descriptive statistics
MMR vaccination-uptake data were available from GP practices for 203 children (93%). Of these 203, 48 were in the decision-aid arm, 85 in the leaflet arm, and 70 in the control arm; vaccination uptake was 100%, 91%, and 99% respectively (χ2 [1, n = 203] = 8.69; P [using Fisher’s exact test] = 0.017). Post-hoc tests revealed statistically significant differences in uptake between the leaflet arm and both the control (P = 0.04) and decision-aid arms (P = 0.05). The sample contained a marginally higher number of parents with high decisional conflict at baseline within the decision-aid arm (85%) than the leaflet (82%) and usual-practice (67%) arms.
Imputation of costs was required for 24 parents (12%) who did not complete the NHS or societal resource-use questions in the post-intervention questionnaire; a further 10 patients (5%) required imputation of a baseline decisional conflict score due to incomplete data.

Resource utilisation
Table 2 presents NHS resource-utilisation data for the 179 parents who provided these. Contacts typically involved meeting with health visitors (at a GP practice or at home) or practice nurses (at GP practice). Parents in the usual-practice arm (control) reported four times as many telephone contacts with the GP as the parents in the leaflet arm (0.13 versus 0.03), and more than twice as many as parents in the decision-aid arm (0.13 versus 0.05). The only marginally significant difference in resource utilisation was for actual/intended contacts with GP over the phone (P = 0.08).
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Table 2. Parent-reported MMR-related actual and intended contacts with the NHS since joining the study, by trial arm (n = 179)



Relatively few parents reported any private expenses besides travel costs (Table 3). Parents in the leaflet arm reported spending money on purchasing magazines on MMR vaccination (n = 3), spending money on parenting books (n = 1), having an appointment at a private clinic (n = 1), and seeing a homeopath (n = 1) (Table 3). Six parents across the three trial arms reported a loss of income from taking time off work to visit their GP or nurse, with the average loss of income being £35.42 (Table 3).
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Table 3. Parent-reported MMR-related costs to private expenses, by trial arm




Costs, cost effectiveness and uptake
Table 4 provides estimates of NHS and societal costs for the three trial arms, alongside data regarding the vaccination uptake for each group. Decision aids show a higher MMR uptake with a gain of £7.17 for the NHS when compared with the leaflet, and a gain of £9.20 when compared with usual practice (Table 4). Uptake in the leaflet arm is lower than for the usual-practice arm (0.90 versus 0.98, Table 4), and typically incurs higher estimated societal costs.
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Table 4. NHS and societal costs for the three trial arms and cost-effectiveness results



Figure 1 shows a cost-effectiveness acceptability curve. Where no value is placed on additional vaccinations (that is, choosing only on the basis of costs), the decision aid has around a 72% chance of being cost effective, based on the NHS perspective. In comparison, the leaflet has only a 22% chance of being cost effective and the usual-practice arm has an 8% chance of being cost effective. If the horizontal axis in Figure 1 is considered and a higher value is placed on vaccination uptake, the chance of the decision aid being cost effective to the NHS rises. This reaches approximately an 88% chance of being cost effective when vaccinating an additional child is valued at £100. As long as the value placed on vaccinating an additional child is not negative, the decision aid appears to be the most cost-effective option.
[image: Figure 1.]
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Figure 1. Cost-effectiveness acceptability curve.





DISCUSSION
Summary
This study is the first to consider the cost effectiveness of decision aids for parents facing questions of whether or not to give their child the MMR vaccine, based on data from the first cluster RCT in this area. The trial16 concluded that, of the two interventions, only the decision aid achieved both informed decision making and MMR uptake.
The additional analyses presented in this study indicate both that the decision aid appears to cost less than a leaflet similar to those used in the NHS and is highly likely to be cost effective. The findings also appear robust when the costs to parents are also taken into consideration.
In contrast, this study suggests that the MMR leaflet may actually decrease vaccination uptake as uptake in that arm was lower than for the usual-practice arm. In addition, the MMR leaflet typically incurred higher estimated societal costs than the decision aid.
There appears to be a strong case for the decision aid tested in this study.

Strengths and limitations
Limitations of this study include the fact that its findings are based on a relatively small sample size and, in part, on parental expectations of future contacts with the NHS, as opposed to contemporaneous or retrospective recording of these contacts. In addition, the findings have been adjusted for missing data (a common issue in economic evaluation34) but, as a result, bias due to partial data cannot be ruled out entirely. The analysis appears to provide broadly similar findings under alternative assumptions (that is, complete case analysis, analysis without correction for numbers of high and low decisional conflict parents); these additional analyses are available on request from the authors.
All possible sources of uncertainty have not been explored in this analysis and further analysis is possible. In particular, costs have not been apportioned for constructing the decision aid (as opposed to using it) into a scenario analysis. However, the high numbers of parents who could potentially use the decision aid in routine care would render this per-child cost small and unlikely to influence the overall results.
The strength of this study is to be based on data from the first cluster randomised trial evaluating the effectiveness of a decision aid versus a leaflet versus usual practice for a childhood immunisation decision. In addition, it contributes to determine the cost and cost effectiveness of decision aids, which is a research question under-studied in the literature. To the authors' knowledge, this study is the second to undertake a cost-effectiveness analysis of decision aids.

Comparison with existing literature
As outlined in the introduction, the existing literature on the cost effectiveness of decision aids is small, with only one study considering this issue in a different setting.26 The current study adds to the body of evidence in favour of decision aids as a cost-saving option;17,19,24,25 it finds that a decision aid appears to minimise costs and is cost effective in the area of vaccination uptake.

Implications for practice
Where any public-health activity provides value to the NHS as a whole per participant (based on both its costs and benefits), efficiency suggests that the NHS should attach a positive monetary value to increasing vaccination uptake. The cost effectiveness of MMR immunisation is documented and immunisation guidance from the National Institute for Health and Care Excellence35 concluded that efforts to increase MMR vaccination uptake appear cost effective. In the case of immunisation against MMR there is a clear rationale for interventions like decision aids that will help to increase vaccination uptake.
In addition to the protective-health effects of immunisation, it is also an intervention expected to save the NHS money. Carabin et al 36 estimated that a measles case would cost on average £295 for the society including complicated hospitalised and non-hospitalised cases. (The average treatment cost per case of measles in the UK was the GBP equivalent of US$307 in 2002 and then inflated to 2011–2012 using the NHS Hospital Community Health services inflator). International studies37–39 have also shown that measles cases are problematic as well as expensive for society; there is the potential for serious complications (for example, meningitis and brain damage) and death in children who are unvaccinated The recent measles outbreaks in England and Wales40–42 confirms that the value attached to increasing the uptake of the MMR vaccination appears so high that even small improvements towards achieving herd immunity have the potential for large health gains.
This MMR decision aid is web-based, which allows it to be easily incorporated into different formats such as standard letters, emails, or even text messages. If the NHS moves towards more mobile technologies, such as emails or text messages, instead of standard invitation letters, this web-based MMR decision aid could easily be incorporated into that written communication. It could then be forwarded by parents to other parents or family members. As the decision aid appears to be beneficial with respect to vaccination uptake, further investigation of how it might be incorporated into routine use is recommended.
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