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Abstract:
Healthcare interventions are complex, but have the potential to deliver more efficient, cost-effective care and improved health outcomes.  Careful attention must be paid to their early planning and development to minimise research waste or interventions that fail to deliver what they set out to achieve. The Medical Research Council provides guidance to help intervention developers, encouraging an explicit and iterative approach. This article describes the Medical Research Council’s guidance and introduces two frequently used tools that further support the process of intervention design. 
Main Messages
- Healthcare interventions are complex, consisting of several interacting and changing components.
- It is important that clear and explicit procedures are followed during the planning and development of complex interventions to reduce research waste. 
- The Medical Research Council’s Framework for Complex Interventions guides intervention developers from the early planning phase, through to delivery and subsequent evaluation of complex interventions.
- Intervention Mapping and the Behaviour Change Wheel are two theory and evidence based tools that supplement the planning and development phase of the Medical Research Council’s Framework for Complex Interventions, and have both been used in a number of healthcare interventions.
Introduction
The number of people living with one or more long-term conditions is rising worldwide creating a significant challenge for governments and healthcare systems across the globe, particularly in countries with ageing populations [1]. Furthermore, individuals living with one long-term condition are more susceptible to developing other chronic conditions that typically make up predictable clusters of disease [2].  Estimates of the prevalence of people living with two or more long-term conditions, also known as multi-morbidity, are highly variable, in part due to a lack of standardised instruments to measure it [3].  In England, 15 million people have at least one long-term condition, and the treatment and care for these is estimated to cost 70 percent of the total health and care expenditure [4].  They account for 50 percent of all GP appointments, 64 percent of all outpatient appointments and over 70 percent of all inpatients bed days.
 The rising prevalence of long-term conditions and multi-morbidity, coupled with the protean nature of health services and health policies, means that interventions to address them are increasingly complex.  Targeting complex problems inevitably requires complex solutions, which typically comprise several interacting components which may or may not result in an effect.  
Most long-term conditions require regular monitoring and are reliant on various self-care practices and behaviours if optimal outcomes are to be experienced by the individual. This is not always easy and the management of diabetes is a good example. Recent evaluation of national audit data has identified that people living with type 2 diabetes who have not had their care processes completed were at a significantly increased risk of morbidity and mortality [5]. As with other long-term conditions, people living with diabetes have a greater likelihood of experiencing concomitant physical and mental illnesses [6].  Such co-morbidities can have profound effects on a person’s ability to manage their self-care [7].
The UK Medical Research Council (MRC) developed a framework for developing and evaluating complex interventions to help guide intervention developers [8].  When considering an intervention to support people living with long-term conditions and multi-morbidity, it seems inherent to follow a process that considers their complexity.  This article discusses the MRC framework with particular attention to the development phase.  Due to the importance of behaviour in the management of long-term conditions such as diabetes, two well-described models, the Behaviour Change Wheel and Intervention Mapping are discussed, both of which guide intervention developers through the process of intervention design in accordance with the MRC framework and have been widely applied to behaviour change interventions.
Complex Interventions and the UK Medical Research Council (MRC) Framework 
It has been estimated that 85% of research activity is wasted [9]. This waste has been attributed to poor question selection, insufficient attention to previous research results, inadequate reporting, and poor intervention description [10].  
Complex interventions typically have several interacting components, may necessitate new behaviours by those delivering or receiving the intervention, and can have a variety of outcomes [8]. To reduce avoidable weaknesses in the design, conduct and analysis of complex interventions, and thereby minimise research waste, several guides are available, of which the UK MRC framework for developing and evaluating complex interventions is the most cited [9] .
The UK MRC developed its first framework in 2000 to try and improve the design and reporting of healthcare interventions, with more explicit consideration of how an intervention may work during its development phase [11]. The framework introduced a systematic and phased approach to intervention design, while building evidence and testing theory before implementing an intervention or conducting a trial. 
In 2008, an updated version of the UK MRC framework was published, encouraging a more iterative approach to intervention design [8].  The MRC has continued to evaluate its frameworks, and in collaboration with NIHR (National Institute for Health Research), was due to publish another update in 2019 but this is still awaited.
The MRC framework helps researchers define more clearly and transparently the research process. The four stages of the 2008 MRC framework are as follows:
(a) Development of the complex intervention: reviewing the evidence base, identifying and developing theory, and modelling processes and outcomes.
(b) Feasibility and piloting: testing procedures, estimating retention and determining sample size.
(c) Evaluation: Assessing effectiveness, understanding the change process and evaluating cost-effectiveness.
(d) Implementation: Dissemination, surveillance, monitoring and long-term follow-up.
Although the MRC framework clearly maps out the stages of evaluating an intervention, it has been criticised for lacking detail in the initial development process between the initial idea for an intervention and formal pilot testing in the next phase [12].  There are several additional frameworks and sources of guidance used in research that attempt to address this limitation, bridging the gap between ideas, theories and practice.   With the different approaches available, however, the advice can be conflicting and lead to confusion. Furthermore, interventions developed using existing theory have not necessarily been shown to deliver more effective interventions than those that do not, but this may be a reflection of the current evidence base rather than a true lack of effect [13].
The planning and development phase of complex interventions
Careful planning and development of complex interventions is important if they are to have the best chance of being effective and to be broadly adopted in the real world.  Key principles can be applied and frameworks used to support this stage of the process.
Five key principles of intervention development
Following reviews and qualitative interviews, a consensus exercise undertaken by O’Cathain et al in 2019 led to the proposition that there are five key principles to intervention development: it should be dynamic, iterative, creative, open to change and consider future evaluation and implementation [12].  The consensus recommendations include a series of suggested actions that should be considered in the development phase of an intervention, although some of these may not be relevant to every problem or context. Their suggested actions and how they relate to the underlying principles can be seen in Figure 1.
Frameworks to instruct the planning and development of complex interventions 
There are several tools available that aim to complement the MRC framework, helping to add structure and detail to the development phase.  To date, no one tool has proven to be better than another or shown that its use always translates into a successful intervention [12]. In reality, developers typically select the published approach they feel best addresses the purpose of their intervention or best fits their values and beliefs.  Most published approaches make reference to and include the actions recommended by O’Cathain et al, with the main difference being in the emphasis they place on some actions or subsets of actions.  Although an intervention developer may decide to follow a particular approach, it should be applied flexibly to fit their specific context.  In some instances a combination of approaches are used.
Frameworks relevant to behaviour change interventions
The Behaviour Change Wheel [14] and Intervention Mapping [15] are two evidence and theory-based approaches that complement the MRC framework and incorporate models for anticipating and defining the likely influences on behaviour which can then be mapped onto appropriate behaviour change techniques. Both approaches have been widely used in healthcare intervention design, including those pertaining to long-term conditions such as diabetes [14, 16].  We will go on to describe both of these approaches in the next section below.  
Other approaches to complex intervention design include the ‘Theory of Change’ [17], ‘Six steps in quality intervention development (6SquID)’ [18], ‘Realist complex intervention science’ [19] and ‘Action Research’ [20]. These approaches are less well cited in the literature for behaviour change interventions pertaining to long-term conditions and are outside the scope of this review.
To complement theory and evidence approaches including the Behaviour Change Wheel and Intervention Mapping, the Person Based Approach can also be incorporated.  Through in-depth qualitative work, the Person Based Approach facilitates the understanding of an intervention’s context and the people who will use it so that evidence and theory based approaches can be more effectively applied [21]. Although most frequently used in digital interventions, it has not been designed exclusively for these.  The benefits of incorporating the Person Based Approach into other evidence and theory based frameworks, is that it goes beyond describing intervention content.  It considers how the content is communicated to the user, and facilitates early identification of problems with user engagement and participation, allowing issues to be addressed early and thereby minimising waste of resources.   
The Behaviour Change Wheel (BCW)
The BCW by Michie et al consist of three phases or layers, which offer a step-by-step guide to designing behaviour change interventions (Figure 2). The first layer starts with the identification of behaviour(s) that need changing, prioritising them, and then selecting the few to target.  This decision is made by considering likely impact, changeability and spill-over effect of each behaviour. 
Once the target behaviour(s) have been chosen, researchers are encouraged to then use COM-B, which stands for Capability, Opportunity, Motivation and Behaviour, to help identify potential personal determinants to target which drive the behaviour of interest.  COM-B maps onto the Theoretical Domains Framework which divides behaviours into domains.  
Following on from the COM-B analysis, the second layer of the Behaviour Change Wheel identifies from a list of nine intervention functions, selected by expert consensus, the ones most relevant to the COM-B analysis which have shown to facilitate change in behaviour(s). Building from the COM-B analysis, its associated Theoretical Domains Framework domains and the intervention functions, the third layer of the Behaviour Change Wheel concerns identifying the relevant ‘behaviour change techniques’.  An extensive taxonomy of the most frequently used behaviour change techniques for each intervention function or Theoretical Domains Framework domain can then be consulted. These are irreducible, replicable and observable or measurable.  Finally, once the behaviour change techniques have been identified and chosen, the most suitable mode of delivery can be decided.
Although a useful model, particularly for those less familiar with health behaviour interventions, the Behaviour Change Wheel assumes all behaviours are a result of personal determinants that fall into ‘capability’, ‘opportunity’ or ‘motivation’. The flow from one model to the another in the Behaviour Change Wheel can be appealing, although the benefits of systemisation of intervention design has been debated, particularly with regards to the prescriptive nature of the taxonomy of behaviour change techniques [22].  It has been argued that systemisation risks creating a false sense of simplicity.  There will always be variability in people, healthcare professionals, manifestations and situations, and it is this variability which contributes to the complexity of complex interventions [23].
Intervention Mapping (IM)
Intervention Mapping comprises six steps, each of which is divided into several tasks (figure 3) [15, 16]. The Intervention Mapping approach is cumulative with each step building on the previous, but the model also encourages an iterative approach, with researchers moving in both directions as new concepts and themes evolve.
By being less prescriptive, IM is more adaptive and arguably more encompassing, relying on fewer assumptions than other approaches to intervention development such as the Behaviour Change Wheel. In a recent taxonomy of approaches by O’Cathain et al, Intervention Mapping was the most comprehensive [24].  It has also successfully been used in healthcare interventions which have led to significant increases in the uptake of disease prevention programmes [25].
Similarities between the Behaviour Change Wheel and Intervention Mapping
Both the Behaviour Change Wheel and Intervention Mapping share many similarities. They both recommend a planning group, the use of empirical and primary data and an iterative approach to the development phase of intervention design.  
Both models start by encouraging intervention developers to generate a list of target behaviours that the intervention will aim to change.  To do this, they both encourage an attempt to identify all possible health behaviours contributing to the health problem of interest.  Once these have been identified, both models ask that these behaviours are prioritised by considering their changeability and the likely effectiveness or suspected impact changing a given behaviour may have.  The capacity of the developers and within the target population must also be part of this early decision process. 
Once the target behaviour(s) are selected, the Behaviour Change Wheel and Intervention Mapping attempt to make these as specific as possible, breaking them down into their finer constituents whilst recognising that all behaviours are part of a wider ecological system.  When deciding “what needs to change” in order to influence the target behaviour(s), both models consider the personal and environmental determinants that may have influence, but do so using different techniques.  As the interventions developers work through the two frameworks, the determinants of the behaviour are explored and the appropriate behaviour change techniques identified.
Conclusion
With the rising number of people living with multi-morbidity, healthcare interventions to support these individuals must be developed with an appreciation for its complexity.  Although the MRC provides guidance on developing and evaluating complex interventions, a number of frameworks exist to help provide more structure during the early development phase.  Two widely used frameworks used in behaviour change interventions include the Behaviour Change Wheel and Intervention Mapping.  In some instances the Person Based Approach is used to supplement these models, but to date, this has typically been in relation to technology interventions.  The Behaviour Change Wheel and Intervention Mapping are well cited tools in behaviour change interventions for long-term health conditions.  Although they share many similarities, they also celebrate key differences, some of which have been described in this article.  
By applying the MRC framework, with the addition of appropriate tools to supplement the development phase, it is hoped that complex interventions to address multi-morbidity will result in less research ‘waste.’  Following a detailed and explicit process, as outlined in this article, can help with the later identification of ‘active’ and reproducible components of an intervention, so that aspects of it may be successfully transferred to other contexts.
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Figure 1 Principles and actions to consider in the development phase of a complex intervention- adapted from the logic model published by O'Cathain et al 2019 [12].
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Figure 3 Intervention Mapping [15]

