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Abstract
Background: Obesity is one of the most common and severe global public health challenges. Over half of the patients who undergo elective surgery in our local hospital, Wollongong Hospital, are obese. It is critical to improve the fitness of these patients before their surgery as research has shown that healthier patients experience fewer last-minute cancellations and better postoperative outcomes. Despite the promising potential of mobile applications to assist these patients with weight loss and health improvement, the utilisation of this technology for surgical preparation is still in infancy. This study aims to co-develop with obese patients a theory-based, ontology-driven mobile health coaching app to improve their fitness for surgery, implement the solution and evaluate its effectiveness.
Methods: Guided by the Social Cognitive Theory, a multidisciplinary clinical and research team was formed, together with obese patients to co-design the app. The functionality of the app includes automatic messaging to the patients to encourage them in exercise, building healthy body, healthy mind and healthy eating before their surgery. The messages are designed in accordance with a patient’s risk level as determined by the built-in health assessment in the app. A prospective, longitudinal pilot trial will be conducted to evaluate the effectiveness of the app after three months of use or up to the time of surgery, whichever comes first. Objective measures such as weight, waist circumference, body mass index, and cardiorespiratory fitness will be measured at the beginning and end of the study. Psychological well-being, attitudes to weight, understanding of nutrition, and satisfaction and engagement with the program will also be evaluated.
Discussion: Mobile health interventions have the potential to improve the fitness of patients with obesity before their surgery. Using a multi-disciplinary approach, a theory-based, ontology-driven mobile app will be developed and tested. The outcome of this study will be beneficial for future research in both mobile health intervention development methods and output. It will also shed light on new approaches for community-based interventions for obesity management, leveraging the power of ubiquitous mobile technology. 
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Background
Obesity, a body mass index (BMI) greater than or equal to 30kg/m2, is among the most common and serious global public health challenges of the 21st century. In 2016, more than 650 million adults were obese, which is three folds of that in 1975 [1]. In Australia, 8.4% of the total burden of disease was attributed to obesity in 2015 [2]. An actuarial report in the country found that the sum of direct and indirect costs of obesity amount to at least 8.6 billion dollars annually [3]. Once onset, excessive fat accumulation can accelerate the dysfunction of physiological systems, impairing both short-term and long-term health. Obese patients are at the increased risk of non-communicable diseases such as cardiovascular disease, type-2 diabetes, sleep apnoea, musculoskeletal disorders and cancer. Over time, it may impede a patient’s ability to self-control or self-manage these chronic diseases [4], lead to further distress and impairment, and even premature death [5]. 
The challenge of obesity is particularly felt in the Illawarra and Shoalhaven Local Health District (ISLHD), New South Wales, Australia. In this region, 36% of adults are obese, much higher than the national prevalence rate of 28% [6].  Approximately 55% of the 6,000 patients who undergo elective surgery at the only local tertiary hospital - Wollongong Hospital - each year are obese, including 50% of those undergoing gallbladder removal or minor gynaecological surgery in 2016. The hospital contains more than 500 beds, providing a comprehensive range of referral services in surgery, medicine, maternal, neonatal, paediatric, intensive care, emergency and cancer care for patients [7].
As many patients with obesity are not able to get the benefit of surgery due to obesity-induced rejection, the importance of pre-operative cardiorespiratory fitness is gaining increasing attention [8, 9]. In the UK, the Perioperative Exercise Testing and Training Society is reinforcing the importance of focusing on improving the patient’s fitness before surgery. An important strategy is to encourage these patients to lose weight and gain aerobic capacity so as to improve their physiological reserves and fitness for surgery [10]. There is also plenty of evidence to suggest that healthier patients who present for surgery will experience fewer last-minute cancellations and better postoperative outcomes [11, 12]. 
Despite many confounding factors, such as age and genetic built, lifestyle, mainly excessive calory intake and insufficient calory consumption are the recognised fundamental causes for obesity. Obesity treatment thus should be designed to promote self-management on these two aspects [1, 13]. In other words, a person could become slimmer and healthier if he/she eats less and does more exercise. But this is often difficult to achieve because the bigger people are, the more they want to eat and the less they want to exercise [14]. Therefore, it is essential to motivate patients to be proactive about weight loss. This calls upon the innovative methods to keep patients’ motivation to fight against obesity.
According to the local audit data, in ISLHD, the waiting time for one-third of patients undergoing common operations is three months or more from booking to execution. Approximately 50% of these surgical patients gained weight while on the waiting list. The current healthcare system has no means nor resources to provide guidance to these patients on ways to improve their fitness for surgery during their prolonged surgical waiting period.
Almost everyone in Australia carries a ‘smart’ mobile phone. This affords a new opportunity for the introduction of mobile health (mHealth) interventions, such as text messages and mobile apps, to address the healthcare service gap [15]. The portable mobile phones enable ubiquitous recording, monitoring and interaction with patients anytime, anywhere; which will enable the community-dwelling patients to access health guidance and service with lower costs [16]. Therefore, mHealth interventions have emerged in delivering healthcare services to support the management of chronic conditions such as diabetes, hypertension, depression, smoking or alcohol abuse [17-21]. 
Despite their increasing popularity, the reported effectiveness of mHealth is mixed [22]. Only a few mobile interventions have been shown to improve health outcomes in patients with chronic diseases, other interventions have led to unsatisfactory results. One important reason is the lack of behavioural change theory to guide the design and implementation of these interventions [23-25]. This results in these interventions being used only as data collection tools instead of comprehensive interventions that can lead to positive changes in healthy behaviour [26]. Behavioural theories and behaviour change models, such as the Health Belief Model and Social Cognitive Theory (SCT), are mainly drawn from psychology and sociology. They focus on predicting and explaining human behaviours and a wide range of potential factors such as emotions, habits and daily routines that affect these behaviours [27-29]. Theory-based mHealth interventions may increase the likelihood of supporting change towards healthy behaviour through a full application of behavioural change techniques into the interventions [30]. For example, an effective intervention was guided by behavioural theory to prompt physical activity and healthy dietary [24]. The behavioural change techniques include self-monitoring, intention building, goal setting, progress reflecting and performance reporting [31]. Riley et al. also suggests that it is vital to add more interactive and dynamic functionalities to the mHealth app, maximising patients’ needs for changing their behaviour [26]. 
To date, there is a lack of ability in designed mHealth interventions to manage and reuse large amounts of information about chronic disease management in a rational and meaningful way [32]. Therefore, it is vital to design innovative mHealth methods and approach for effective data capture, storage and re-use to deliver effective interventions that will lead to tangible health outcomes. Ontology can provide a unique opportunity to achieve this goal [33]. As a formal, explicit specification of shares conceptualisation, the ontology provides a powerful taxonomic tool to model existing information by integrating and computerising behavioural change theory into the relevant strategies on managing obesity [34]. Using ontology can enable the connection of multiple, complex health knowledge base with a patient’s health status and modifiable factors to improve the person’s health outcomes [33]. Thus, it can provide an evidence-based and theory-based source of knowledge for mHealth based obesity interventions.
Despite the proven efficacy of a range of telemedicine methods for weight loss [35-37], or cardiac rehabilitation [38-42], it is still in the early development stage for the digital rehabilitation platforms that integrate mobile apps, wearable activity trackers or clinical Web portals to engage patients in self-management tasks to build cardiorespiratory fitness for surgery. Furthermore, although almost everyone in Australia owns a mobile phone, it is not yet common to deliver patient education programs using a mobile app. The efficacy of this mode of patient education delivery is yet to be proven, as suggested by a systematic literature review [38],  which calls for further research on the effect of embedding the relevant behaviour theory within the mHealth app and improved study design. Therefore, the goal of this project is to use innovative mHealth methods to coach patients with obesity to improve their health and fitness for surgical operation, during their time on surgical waiting lists that are often three months or longer. 
Methods
Aim and objectives
This study aims to design and deliver a theory-based, ontology-driven, mHealth coaching app to promote healthy living and weight loss. The following three objectives will be achieved: 
(1) To embed SCT into mHealth interventions;
(2) To co-develop with obese patients the mHealth coaching app to improve their fitness for surgery;  
(3) To evaluate the effectiveness of this mHealth innovation. 
Study design
This practice-based, mHealth research will be completed in two phases: development phase and evaluation phase (see Figure 1). The researchers will extensively collaborate with two groups of end-users in these two phases. 
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Figure 1 Flow chart of the research 
Development phase
In this phase, a multidisciplinary clinical and research team will be formed, which includes a clinical anaesthetist and academic researchers in psychology, nutrition, exercise science, e-health development, information systems and software engineering. The aim is to develop a mHealth coaching app to improve the obese patient’s fitness for surgery. The SCT will be applied to guide app development [43]. 
An incremental, agile development methodology will be applied to build this app. As the involvement of end-users in system development is essential for acquiring valuable feedback [44], we will also form open, interactive collaboration with the obese patients and empower them to discuss their experiences and feelings of using the app through two-round focus group discussions. This will enable the researchers to understand the target patient users’ requirements and test the acceptability, usability and feasibility of the app (see Figure 2).
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Figure 2 The co-development of the mHealth coaching app
Evaluation phase
In the evaluation phase, a prospective, longitudinal pilot trial will be conducted to evaluate the initial effectiveness of the app for patients after using the app for three months or up to the time of surgery, whichever comes first. This app will automatically send regular messages to the patients to encourage them to engage in exercise, healthy body, healthy mind and healthy eating before their surgery. These messages will be developed by the research team and be sent to the patients according to their health risk level as being assessed by the built-in assessment form in the app.
This study will be conducted and reported in strict compliance with the requirements of the Transparent Reporting of Evaluations with Nonrandomised Designs statement [45], which is widely used to improve the reporting standards of nonrandomised evaluation of behavioural and public health interventions.
Study setting
The app development will be conducted in the Centre for Digital Transformation, School of Computing and Information Technology, University of Wollongong, Australia. It will be implemented and evaluated in the Department of Surgery, the Wollongong Hospital. 
Participants and recruitment
Two groups of participants will be recruited into this study. Participants in Group A will be recruited for focus group discussions to co-develop the app. Group B will be recruited to evaluate the effectiveness of the app in implementation. All participants in the two groups will be identified when they book for surgery at the Wollongong Hospital. The inclusion criteria are patients (1) who are 18 years and over; (2) whose BMI is greater than or equals to 30kg/m2; (3) who owns an iPhone or an Android smartphone and know how to use it; (4) who is English-speaking with self-elected adequate reading skills; (5) consent to participation in the study. 
Eligible patients will be given an information sheet about the project. After booking, a research nurse will ring them to further discuss the project and seek their consent to participate in the focus group discussion (for Group A) and the trial (for Group B). One week later, patients will be sent an SMS text message asking them to confirm their consent to participate. We aim to recruit 12 patients for focus group discussions and 100 patients for the pilot trial over three months. 
Interventions
Figure 3 presents the conceptual framework of the mHealth coaching app. Patients will be contacted regularly throughout their waiting period by the app. We aim to encourage them to participate in healthy behaviours and become more actively involved in improving their own health status. 
The central to the SCT is self-efficacy. On the one hand, self-efficacy plays a vital role in goal setting and related outcomes before an individual thinks about changing a particular behaviour. This is because a strong sense of self-efficacy is needed to monitor and maintain task orientation when faced with failure [46]. Therefore, personal goal-setting and self-monitoring of weight change, diet and physical activity combined with feedback will be the key features of the app. On the other hand, SCT is a comprehensive model of how cognitions, behaviours, and environments interact, providing social support via using observational learning and additional reinforcements to achieve behavioural change [47]. The app will thus send short messages to eligible patients regularly. The content of the messages will be developed by the clinical psychologist, dietitian and exercise physiologist in the team to provide psychological counselling, dietary and exercise suggestions to the patients. These messages will boost self-efficacy on behavioural change. Considering reinforcements, a key component in SCT, the patients will be reminded to input their data such as weight, diet, emotion on regular bases. Their walking steps will be recorded automatically in the app. These will be used as prompts for the personalised text messages. We will also provide a number of resources that patients can use, and check on patient’s access to this information. Interaction with individual patients will conclude after three months or upon surgery, whichever comes first.
To enable intelligent reasoning of the assessment results and the automatic selection of messages, both the assessment items and the messages have been represented as an ontology which forms the logic layer of the mobile app. The ontology will be built following the Integrated Definition for Ontology Description Capture Method using Protégé 5.2 [48]. We will first conduct requirement analysis to understand the domain, application and use case. Based on the analysis, we will determine the scope of the ontology and consider if we could reuse some existing and validated ontologies with consensus among all researchers.  Afterwards, we will start to build our ontology based on a patient-centred approach. Taking patients as the hub, relevant terms will be enumerated by brainstorming, as well as the feedback from the focus group discussion. Next, we can define the hierarchical affiliation of these terms, identify the classes, and further discover the relationships and constraints between them. At last, we will put all the messages and assessment items into the ontology as individuals. Due to security concerns, an authentication system and NoSQL database will also be deployed on Google cloud services.
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Figure 3 Conceptual framework of the mHealth coaching app
Data collection
The evaluation data will be collected at two timepoints: baseline (T0) and three months after the intervention or up to the time of surgery, whichever comes first (T1). The primary outcomes measured at three months are (1) change in weight, waist circumference, and BMI; (2) exercise capacity as measured via the app and self-report; and (3) change in standard perioperative risk calculation scores. The secondary outcomes are patients’ subjective acceptance, experience/enjoyment of the app and overall program using a range of standard measures of psychological well-being. These include EuroQol five-dimensional five-level (EQ 5D 5L) to assess the general quality of life of the patients [49], Patient Activation Measure to assess patients’ engagement with their health improvement [50], International Physical Activity Questionnaire to assess their physical activities [51] and Australian Health Survey Short Questions on nutrition to assess their food habit [6]. Demographic data such as age, gender will also be collected as covariates. All these measurements will be built in the app for data collection. Data will be automatically transferred and stored in a researcher’s password-protected desktop. Each participant will be tracked using a given patient ID.
Statistical analysis
All statistical analyses will be conducted using SPSS software (Version 25). We will use descriptive statistics, expressed as means ± standard deviation, to summarise the baseline demographics of the study participants. Changes in weight, waist circumference, and BMI will be calculated using a paired t-test. Nominal variables will be measured using the Chi-squared test. Changes in preoperative risk stratification scores will be calculated using a Wilcoxon Signed Rank Test. The missing data will be estimated using the expectation-maximization method, achieved by the Missing Value Analysis function in SPSS. We consider P<0.05 to be statistically significant. 
Discussion
To date, very few evidence exists regarding the effectiveness of mHealth interventions for obesity treatment and control, especially for the patients who are waiting for their surgery. This multi-disciplinary study will develop a user-centred mobile app to enable the research team to interact with patients to guide them to improve physiological reserves and fitness for surgery. We aim to test the acceptability, usability, feasibility, and efficacy of this mHealth coaching approach in prehabilitation in patients with obesity, utilising the time they spend on a waiting list to improve their health status.
The strengths of the study will be manifested in both project development methods and output. The project development method is innovative in the theory-guided message design, co-development with the obese patients, following an incremental, user-centred design methodology. The multi-disciplinary research team will form an open, interactive collaboration with patients and empowering them to improve their own health. The project output, a mobile health coaching program and app, is innovative in providing just-in-time support for patients at a tie of health vulnerability with a better chance of program success than otherwise [52]. Another innovation is a multi-disciplinary approach to weight loss; including the appropriate psychological, nutrition and exercise support to improve fitness for surgery for patients with obesity. The explicit preoperative prehabilitation focus of our study design is also relatively new. 
The project is significant in piloting a new method of cost-effective patient care in the community setting. This model can also be more readily used with patients in rural or remote communities than traditional face-to-face approaches.
Once demonstrating the effectiveness of this mobile coaching app, we will have improved patient health and satisfaction as well as perioperative efficiency in the short term. We will also have produced a tool that can be used with minimal resources into the future to continue to do so in the post-operative care stage. We will take feedback from this pilot trial on the content, usability, and capability of the app, to develop into a future product that can be tested more extensively. 
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