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Theoretical Development of INTEREST
Changing human behaviour is always a difficult endeavour and changing the well-engrained habits of older adults dealing with the burden of morbidity, as is the case here, is especially challenging. When developing complex interventions, it is considered best-practice to establish a clear logic model and explicit theoretical underpinnings to allow for explanation of the mechanisms of action [1]. However, a recent review of behaviour change strategies to reduce sedentary behaviour in adults found that 58% of included interventions (15 out of 26) did not mention a theoretical framework [2]. Of those that did, seven mentioned using a Transtheoretical Model, four used Social Cognitive Theory, three used the Theory of Planned Behaviour, and one used Empowerment theory [2]. Despite this lack of clearly defined theory, interventions were found to generally assume that sedentary behaviour is largely determined by the external environment, or problems with self-regulation. However, as Gardner et al. (2015) point out, although interventions included in their review, none gave any attention to the construct of motivation when attempting to change behaviour [2].
A recent systematic review of interventions in older adults extracted the theoretical frameworks used in the included interventions [3]. Of the six included studies, one did not include a theoretical framework, and each of the five others used a different theory. These included empowerment theory, social cognitive and behavioural choice theories, the health action process approach, a habit dual-process framework, and a habit formation model. However, the most promising trial reviewed used a multi-componential design based upon Self-Determination Theory (SDT). This theory emphasises motivation as being key to behaviour – a missing consideration in many sedentary behaviour interventions developed to date (Gardner et al., 2015).
[bookmark: _Toc536000493]Application of Self-Determination Theory
[bookmark: _Toc536000496]SDT has been found to have great success when used in other sedentary behaviour and exercise interventions. To maximise behaviour change, SDT states that intrinsic motivations (including self-generated motivation or internalisation (integration) of externally-generated instructions or ideas) are more powerful than extrinsic (externally generated, but not internalised) motivations [4, 5]. Fundamental to the generation of intrinsic motivation are three psychological needs proposed by Ryan & Deci (2000) in their Basic Psychological Needs theory. These three needs; competence, autonomy, and psychological relatedness, serve as useful targets for enhancement when designing interventions. Competence refers to a desire to feel control over the outcomes of one’s own actions; relatedness is the desire to connect to and be approved of or accepted by others, and autonomy is the desire to be the agent of one’s self (Ryan & Deci, 2000). Enhancing these needs leads to greater internalisation of goals into “integrated regulatory processes”, greater personal growth and development, and the resulting accomplishment of one’s own goals.
[bookmark: _Toc536000514]Logic model and overall component combination
Explaining the Logic Model
[bookmark: _Toc536000515]Figure 2 in the main manuscript depicts the overall rationale for the implementation of SDT in INTEREST. As discussed, the components themselves are designed to target specific basic psychological needs. In figure 2, the primary target for each component is shown, although some, such as individualised goal-setting, would likely enhance both competence and autonomy. In figure 2, in line with Organismic Integration Theory, satisfaction of the Basic Psychological Needs moves individuals along a spectrum towards integrated regulation of the new behaviours introduced as part of the study. By actively achieving their goals, participants will be expected to gain feelings of achievement, leading to greater persistence of behaviour change and enhanced well-being.
[bookmark: _Toc536000517][bookmark: _Toc536000516]Rationale for intervention components
All the intervention components in INTEREST, outlined in the prior section, were chosen for their integration within Self-Determination Theory. All the chosen components have a strong literature base which will be further outlined in this section.
Supporting the basic psychological needs (person-centred delivery style)
As the Basic Psychological Needs are integral constructs within Self-Determination Theory, the intervention is based upon the concept that supporting autonomy, competence, and relatedness within participants will lead to maximised motivation. The primary is on supporting participant autonomy, as a review of 32 interventions for problem drinkers found that the most important determinants of change were giving nonevaluative feedback, encouragement of participant responsibility, and empathetic delivery, all of which are indicative of a person-centred delivery style [6]. Healthcare practitioners that create controlling contexts have also been found to lead patients on a path towards introjection rather than integrated regulation of new behaviours, meaning that motivational processes will not be maximised [7].
Phone calls are integrated as an important component of the intervention to engage with participants in a person-centred manner, to enhance motivation and feelings of relatedness. This is supported by findings from Deci (1971), who found that giving people unexpected positive feedback not only acts as a reward, but also increases feelings of competence, thus increasing intrinsic motivation and reinforcing the behaviour. Therefore, during the phone calls, positive encouragement will be given.
Motivational interviewing (MI)
Motivational interviewing and SDT share many fundamental assumptions [9]. Motivational interviewing is primarily a client-centred counselling technique aimed at reducing a patient’s ambivalence about making a change, primarily by supporting their agency and helping them change of their own accord, by mobilising a patient’s own internal motivations [10]. Both SDT and MI emphasise the role of personal autonomy as a driving force of human behaviour [9]. However, one of the authors of SDT has stated that motivational interviewing’s similarities with SDT are primarily dependent upon the manner with which it is delivered [11]. Just like with spousal or familial support, MI only integrates well with SDT when the practitioner can deliver it in an autonomy-supportive manner.
According to a review of 15 studies investigating the efficacy of MI in older adult populations with acute and chronic illnesses, whether to improve physical activity participation or quit smoking or alcohol, or a combination of lifestyle behaviours, MI was found to be effective at increasing PA, reducing smoking and alcohol behaviours, and improving health markers [12]. However, results were conflicting about whether behaviour change persists long-term [12].
MI has been successfully employed once before in a RCT of n=56 community-dwelling older adults of 65 years and above (95.7% women), living with chronic pain in Hong Kong, with the intention of reducing their pain and increasing their participation in physical activity [13]. MI was delivered in a group setting for 30 minutes weekly over the course of 8 weeks. The pain intensity at baseline was not significantly different between groups, but after intervention and MI delivery, 8 weeks later, pain was significantly reduced in the intervention group as compared to the control [13]. This study demonstrates that MI has been used appropriately and has been found to be effective in community-dwelling older adults with chronic lower body pain. MI has also been used in an intervention to reduce sedentary time in n=23 frail older adults in Scotland, however they were not able to reduce sedentary time in this group [14].
Overall, MI was incorporated into the design of INTEREST due to its excellent history for integrating well with SDT, and due to its demonstrated record of efficacy.
[bookmark: _Toc536000518]Individual feedback on walking, standing, and sitting behaviour
According to a review which taxonomized different types of feedback in health behaviour interventions, there are three main types of feedback [15]. The first is generic feedback, which is relevant to an entire population. Next, there is targeted feedback, based on demographic characteristics. Finally, there is personalised feedback, which provides specific information for an individual based on either normative (relating to the ‘normal’ for others) or ipsative (comparing someone to their prior performance) comparisons. In INTEREST, the feedback given will be personalised and ipsative, as it could be considered unfair to compare osteoarthritic individuals with healthy older adults, or even other osteoarthritic older adults, due to the heterogeneity of the condition. Participants are likely to have significant ranges in physical function and could have had different severities of osteoarthritis or other co-morbidities, which means that normative comparisons could be unattainable and discouraging for some.
Individual feedback has been shown to be effective in other behaviour change interventions, such as one to increase hand hygiene behaviours in n=24 nurses [16]. Behaviour was monitored with direct observation, and participants were given a score based on their individual frequency of handwashing in comparison to the required amount of handwashing. Hand washing quality was also assessed, by making bacterial cultures from each person’s right hand after handwashing and showing these to participants. In combination with education about handwashing, feedback on handwashing behaviour was able to increase handwashing frequency from 46.8% to 71.4% [16]. Given the efficacy of this approach and its utility to goal-setting, personalised feedback is an integral component of the INTEREST design.
[bookmark: _Toc536000519]Individualised, incremental goal setting
Goal-setting has been used in hundreds of behaviour change interventions, and a recent meta-analysis of 141 papers has found it to be highly effective, particularly so when the goal was challenging to achieve, set in a group, or publicly [17]. Originating in Goal Setting Theory, goal setting has been used to change behaviour in almost all domains [17, 18]. For example, a combination of personalised feedback and individualised goal setting has been used to increase weekly running distance in healthy adults [19] and to aid obese older adults in weight loss and to prevent weight regain [20]. Goal Setting Theory maintains that goals should be conscious and specific, rather than vague, such as “do x when y occurs”, rather than “be better at x” [17]. Four modifiers are postulated that enhance behaviour change as a result of goal setting, namely (1) intention to adhere to the goal, (2) low degree of complexity of the goal (not the same as difficulty), (3) feedback about progress towards the goal, and (4) adequate resources available/few constraints [17, 21].  Goal Setting Theory originally did not consider older adults as a specific use case, however, since then, the authors have elaborated that older adults have a number of specificities that synergise quite well with goal setting [17].
However, the approach in this study adds two other aspects, inspired partly by SDT; namely, the individualised and incremental aspects of goal setting. These operate upon two main assumptions: firstly, that by individualising the goals, the goals are more specific to an individual’s lifestyle and thus more achievable for them, again enhancing their autonomy; and, secondly, that by incrementally introducing them over the course of weeks it would be less difficult for people to adjust to their goals as it would be less cognitively demanding and impactful on people’s lifestyles. In addition to being personalised, the goals will be created using SMART principles, which were originally developed for application in a business context and have since expanded to healthcare contexts as a way to make behaviour change more personalised and manageable in a real-world context [22, 23]. SMART stands for Specific, Measurable, Achievable, Relevant, and Time-specific [23]. By ensuring they are SMART, the goals will fulfil the suggestions of the systematic review above, namely that the goals are formulated with the intention of adherence and ensuring availability of enough resources to achieve them. Finally, in combination with the self-monitoring that is to be discussed later in this chapter, the participants will be able to self-feedback on their own goal achievement, especially in combination with the weekly goal adherence monitoring in the booklet.
[bookmark: _Toc536000520]Education about sedentary behaviour
As the field of sedentary behaviour research is relatively new, it is very possible that older adults are not aware of the potential health ramifications of sitting. A recent study found that only 14 percent of older adults 55 aged years or over in the UK had accurate knowledge about physical activity guidelines [24]. Given these low figures regarding the better-established guidelines around physical activity, knowledge about the health effects of sedentariness is likely to be even lower. Although education by itself is not sufficient to drive behaviour change, informing participants about the health impact of sitting, it may be feasible for this to serve as additional motivation for them to sit less [25].
[bookmark: _Toc536000521]Environmental modification
The built environment is acknowledged in a large number of behavioural theories as a key determinant of behaviour, and has been found to be a key driver of sedentariness as well [26, 27]. Therefore, environmental modification as a tool for behaviour change has been identified by reviews to be a highly promising in sedentary behaviour interventions [2]. Environmental modification has also been used in other interventions to good effect, such as in interventions to drive eating behaviour change to elicit weight loss [28, 29]. A recent RCT found that a behavioural weight loss program was less effective than a behavioural weight loss program combined with environmental modification, in which modifications included providing participants with exercise equipment in the home, giving them scales and full-body mirrors, health focused magazines, and incorporating partner support [29]. Interestingly, environmental modification has also been used to reduce TV viewing behaviour, a very common form of sedentary behaviour, in a pilot study, by turning off power to TVs after an allotted time period expires [30]. We included this BCT in INTEREST, as by modifying home environments, such as by putting up posters to remind them of their goals and aspirations, participants will be able to create a more autonomy-supporting and competence-supporting environment.
[bookmark: _Toc536000522]Self-Monitoring and Self-Regulation
Self-monitoring is a technique that involves use of self-regulatory behavioural processes and is often considered to be an energy-consuming process that is fatiguing for the person doing it [31]. However, it has been found that when self-regulation is being practised based upon a foundation of autonomous choice, rather than controlled regulation (i.e. it is self-regulation for a behaviour the person wants to do), then it is actually not an energy-draining task for the individual [32].
[bookmark: _GoBack]This self-monitoring will be likely to increase engagement and feelings of self-control when working towards achieving their behavioural targets and enhance self-regulatory abilities, and a sense of achievement will aid in self-efficacy.
[bookmark: _Toc536000523]Support of spouse, family, friends, and the practitioner
In healthcare interventions, it is integral for the concept of relatedness for the client/patient to feel that they are respected, understood, and cared for, by the practitioner and by their family and friends [33]. Without these factors in place, it is less likely that the patient will be likely to accept and want to work toward recommendations of a healthcare practitioner. Within the framework of SDT, social factors can have both positive and negative effects in terms of the satisfaction of the basic psychological needs [34]. Social support can be either autonomy-supportive, or controlling, in nature, however, the former has been found to be supportive of the basic psychological needs of competence and relatedness [34]. Social support has been found to be generally autonomy-supportive, and therefore beneficial to be included in interventions [34, 35].
Problem solving, progress monitoring, and setback management
These aspects of the intervention will be delivered during phone calls by the researcher. These BCTs have not been explored for their integration into SDT, however, the usage of these techniques will be in an autonomy-supportive, person-centred style and will aim to also place emphasis on the competence of the participant.
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