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Obesity is considered one of the leading causes of chronic and noncommunicable diseases; these include diabetes, cardiovascular disease, and cancer. The obesity prevalence is threefold higher in the Arab Gulf Cooperation Council (GCC) population than the rest of the world and leaves healthcare providers within the region with no alternative than to offer continuous and sustainable healthcare services. Obesity prevention would be more economical for governments than providing treatment. Preventing obesity is challenging because it requires motivating individuals to live a healthy lifestyle. Personal health (pHealth) has recently been actively involved in finding solutions to encourage healthy living. However, pHealth does not address the high percentage of people lacking the desire to maintain healthy living plans, which could have a negative effect on attempts aimed at reducing obesity prevalence. This study sheds light on the challenges faced by the GCC governments in reducing high obesity rates using pHealth; we propose a solution, Wholesome Coin, which incorporates advanced technologies to help governments reduce high obesity rates. Wholesome Coin has two components: one uses wearable IoT (WIoT) to help patients manage their behavior by tracking their physical activities and diet, and the other utilizes blockchain technology to help healthcare payers to incentify patients to maintain a healthy living plan by awarding digital coins that can be redeemed for real goods and services. GCC governments’ adoption of Wholesome Coin could improve the quality of life of obese patients in a seamless, secure, and self-motivated manner, resulting in a healthier tomorrow, especially amid challenging times featuring global social distance campaigns.
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INTRODUCTION
Obesity and being overweight are well-known health issues with significant risks that raise a major global concern (Zenag et al., 2011) (World Health Organization, 2000). According to the World Health Organization (WHO) (World Health Organization, 2020), approximately 70% of all deaths worldwide are due to noncommunicable diseases (NCDs), including heart disease, stroke, cancer, diabetes, and chronic lung disease. Obesity is a major cause of chronic diseases including cardiovascular diseases, cancers, and related issues that may lead to morbidity and mortality (Akil and Ahmad, 2011). Premature deaths due to type 2 diabetes mellitus (T2DM) and cardiovascular diseases (CVD) are also associated with obesity (Burns, 2016). The danger of obesity goes beyond its health risks, and it is extremely costly in terms of economics (Saudi Ministry of Health, 2018), mainly because treating obesity requires sustainable and continuous health care resources.
Obesity Rates in Gulf Cooperation Council (GCC) Countries
Diabetes rates are significantly higher in the Arab GCC region than other parts of the world. The International Diabetes Federation reported a diabetes prevalence of 23.9% in Saudi Arabia, 23.1% in Kuwait, and 19.8% in Qatar; the global average in 2015 was just 8.3% (International Diabetes Federation, 2021). The prevalence is expected to increase to 50% by 2025 in some GCC countries (International Diabetes Federation, 2021). The cost of treating diabetes is equally staggering in the Middle East and North Africa (MENA) regions. The immediate cost of diabetes treatment alone—discounting stunted productivity and indirect treatment costs—is expected to increase four-fold in Abu Dhabi by 2030. MENA spent USD 16.8 billion on obesity treatment in 2014 (International Diabetes Federation, 2021). Obesity is considered a serious problem in Saudi Arabia as the country is listed as the 15th most obese country in the world according to the World Atlas data (Alqarni, 2016). NCDs account for 73% of all deaths in Saudi Arabia (World Health Organization, 2018). In 2018, the General Authority for Statistics in Saudi Arabia (GASSA) (Saudi General Authority of Statistics, 2018) published figures indicating that only 18.99% of Saudis engage in sports activities, while the remaining 81.01% do not engage regularly in any kind of sports activity. Moreover, not being physically active is a known cause of obesity (World Health Organization, 2020), which implies that a high percentage of people with no desire to exercise or engage in sports, could have a negative effect on attempts aimed at reducing obesity prevalence in Saudi Arabia. Finally, having established the seriousness of obesity prevalence, it is important to mention the value of developing and implementing obesity prevention measures. However, the GCC governments exhibit no coherent regional plans to mitigate this challenge. Isolated policy responses in the form of detection campaigns and initiatives, some in line with WHO-suggested programs, remain markedly dwarfed by the size of the diabetes epidemic (World Health Organization, 2020).
Enabling Personal Health Through Emerging Technologies
Technology has impacted almost every facet of our lives; it is self-evident that the wide application of emerging technologies can help overcome obesity. Wearable Internet of Things (WIoT) (Hiremath et al., 2014) is one of the most important technologies that is utilized to enable the concept of a pHealth system. pHealth is one suggested paradigm to ensure low-cost and qualitative health services related to chronic diseases that require sustainable care (Teng et al., 2008) (Poon, and Zhang, 2008). This is mainly because engaging people is at the heart of the pHealth notion by encouraging people’s early participation in preventing or predicting illness through personalized healthcare (Teng et al., 2008). WIoT is defined as “Technological infrastructure that interconnects wearable sensors to enable monitoring human factors including health, wellness, behaviors and other data useful in enhancing individuals’ everyday quality of life” (Hiremath, et al., 2014). WIoT has great influence in the fields of health and fitness, as it has features for tracking physiological functions and biofeedback (Wright and Keith, 2014). WIoT presents various products such as watches, glasses, bracelets, and smart shirts (Wright and Keith, 2014).
Another important technology that is gaining popularity is the blockchain technology (Mettler, 2016) (Nakamoto, 2008). Governments, organizations, and businesses have started to search for solutions that can adopt blockchain technology (Mettler, 2016). Initially, blockchain was used for financial transactions. Bitcoin, the digital coin described by Satoshi Nakamoto’s (pseudonym) in whitepaper in 2008, was the first implementation of blockchain (Mettler, M., 2016; Nakamoto, 2008). Since then, the distributed platform, which allows information flow through a shared and seamlessly accessed ledger that everyone owns, seems to attract many investors (Mettler, 2016). The accessibility and flexibility of access to information are controlled through the blockchain platform. Authors (Alsalamah and Nuzzolese, 2020) classified blockchain types into four main groups based on their accessibility and visibility, as illustrated in Figure 1. In terms of the blockchain applications, according to Swan, there are three generations of blockchain revelation: blockchain 1.0 for digital currency, blockchain 2.0 for contracts in relation to financial services, and finally blockchain 3.0 for general applications beyond currency and financial services (Swan, 2015).
[image: Figure 1]FIGURE 1 | Blockchain systems matrix (Alsalamah and Nuzzolese, 2020).
In 2015, approximately half a billion dollars were invested in blockchain startups (Mettler, 2016). Another report released by the research group shows that almost USD 3.9 billion in investments were raised in the first three quarters of 2018 by blockchain and cryptocurrency-focused startups (Diar, 2018). Moreover, blockchain technology was adopted by some governments, such as Saudi government, which announced launching of the “Aber” project, the common digital currency between Saudi Arabian Monetary Authority (SAMA) and United Arab Emirates Central Bank (UAECB) (Saudi Arabian Monetary Authority, 2019). Along with the rise of investments in blockchain, the diversity of its applications has expanded (Mettler, 2016). Blockchain has recently begun to disturb many important industries, such as healthcare (Mettler, 2016). Furthermore, Bitcoin was the first to present the idea of digital currency (Kuo et al., 2017) (Nakamoto, 2008), which was used in financial disciplines, but through the years, the concept of digital coins has further been applied to disciplines such as health and medication.
Gamification to Fight Obesity
To encourage people to prevent illness and apply pHealth, gamification is a known methodology that can influence their behavior (Cugelman, 2013). Gamification is defined as “the use of game design elements in non-game contexts” (Cugelman, B., 2013). According to (Tang, 1992), money has a significant impact on people’s behavior, which is important because it is crucial to be motivated to overcome obesity or to become physically active. Many benefits can be derived from reducing obesity prevalence. Preventing people from becoming obese helps them to avoid noncommunicable and chronic diseases associated with obesity, and positively affect their quality of life (Cameron et al., 2011). Moreover, eliminating obesity as a cause of death, will have a significant impact on countries such as the United States, where approximately 300,000 people die prematurely due to obesity every year (Colman, 2000). In addition to the positive impact on people’s health, reducing obesity prevalence prevents associated diseases that usually require continuous and regular healthcare expenses, thereby affecting the economy. This study proposes a WIoT and blockchain-based solution to defeat obesity by encouraging people to engage in physical activities, and by motivating them with incentives that impact their behavior, such as gamification. The remainder of this paper is organized as follows: Literature Review reviews the literature and existing pHealth solutions and identifies the gap in the literature, Wholesome Coin Solution proposes the Wholesome Coin solution in detail, finally, in Wholesome Coin Design and Development, the paper concludes with a comprehensive discussion of challenges, impact, and further research recommendations.
LITERATURE REVIEW
Many studies mention that a lifestyle that heavily depends on technology is one cause of physical inactivity, which is associated with obesity (Rosin, 2008). However, the expansion of WIoT produced new technical devices that aim to help people live healthier lifestyles by encouraging them to engage in physical activities and by providing them with health measurements and feedback through mobile health applications (Ananthanarayan and Siek, 2012). Fitbit (2020) is a well-known example of a wristband wearable device used as an activity tracker. Fitbit tracks and records the measurements of different activities and health-related data, such as heart rate, walking distance, sleep patterns, and body temperature. The Fitbit wristband can be connected to a mobile application where the user can review a record of their activities and health-related data. One problem with Fitbit and similar devices is that although they are designed to encourage people to engage in physical activity by providing them with a self-monitoring tool, the effects are limited. According to a study conducted (Wang et al., 2015), simply providing Fitbit as a self-monitoring tool was insufficient to achieve an increase in target physical activity levels in a sample of overweight and obese adults. In addition, Fitbit admits that their average user is overweight, which signals the company to reconsider the development of its technology (Wright and Keith, 2014). More problems associated with such wearable devices are security and privacy issues. The Fitbit wristband collects health-related data that are considered highly sensitive and that can be used for nefarious purposes (Ching and Singh, 2016). One main concern is that the data can be exploited by insurance companies to obtain users’ health-related data (Ching and Singh, 2016).
To overcome the issues of data protection and user privacy invasion, newer technologies, such as blockchain, are being used to provide healthcare solutions (Kuo et al., 2017). In the following sections, we present some commercial and research solutions that use blockchain technology to overcome obesity, and to share, read, store, and manipulate personal health data, as a mobile health application (mHealth). A solution to provide an electronic health record system that shares personal health data in a way that ensures privacy, security, and interoperability, was proposed by Liang et al. (2017). The solution depends on wearable devices, manual inputs by the user, and medical records containing personal health data. The data are collected by a mobile health application, which is responsible for synchronizing data to a cloud-based database platform. A blockchain network is used to ensure the integrity of data, manages access requests by different parties, and record requests for future auditing (Liang, et al., 2017). Although the solution uses blockchain to improve security, one main vulnerability is the use of cloud database platforms to store health-related data. Public cloud services might generally be secure; however, its security depends on the provider’s security and privacy policies, which might not be adequate for highly sensitive data such as health-related data.
Another solution specializing in defeating obesity and encouraging people to engage in physical activity is HealthCoin Plus (Healthcoin+, 2021a). It is a commercial company that provides a digital coin called HealthCoin Plus that aims at reinventing health and wellness payment systems (Healthcoin+, 2021b). The system has a mobile application that allows the user to gain HealthCoin Plus coins after completing health-related challenges listed in the application. The user can use the coins to buy real goods and services. In their published whitepaper, (Healthcoin+, 2021b), they admit that the business model of HealthCoin Plus depends on finding a strategic partnership that supports the development of the community. In addition, the paper does not provide any details on how the user’s health-related data, which are supposed to be collected by the application, are stored and accessed. Universal HealthCoin (Jones, 2017) is another commercial blockchain-based health delivery and payment platform. It is a platform that aims to make health-related services more efficient and democratic (Jones, 2017). It focuses on allowing the provider to provide healthcare to people without concerning about payment-related issues, since the platform’s main focus is to enhance healthcare payment systems (Jones, 2017). Moreover, the platform has a feature that rewards people with tokens when they complete health-related activities. Although the platform has many features, it mainly focuses on improving healthcare payment systems for the providers. Universal HealthCoin states in their published whitepaper that the tokens or the coins gained after completing a health-related activity, can only be used to pay providers. Therefore, the user cannot use these tokens or coins to buy other goods or services (Jones, 2017). This may adversely affect user maintainability and negatively impact on user motive to gain more coins because coins can only be used to pay the provider. It is evident that some solutions fail to motivate obese people to engage in physical activities, while others fail to provide a comprehensive system that ensures the security and privacy of users’ health-related data.
WHOLESOME COIN SOLUTION
Wholesome Coin provides a comprehensive platform that motivates obese people to engage in physical activity without invading the user’s privacy. Wholesome Coin comprises of two components: one uses WIoT to help patients manage their behavior by tracking their physical activities and diet; and the other utilizes blockchain-based cryptocurrency to allow healthcare payers to incentify patients by awarding digital coins that can be redeemed for real goods and services.
System Overview
The Wholesome Coin platform is based on a mobile system connected to a device that the user wears and measures the user’s health-related data, including walking distance, blood pressure, sleeping hours, eating habits, and heartbeats. The data are stored in and updated to a blockchain node. Each user is the manager of their own information and can allow access to health providers, government institutions, and insurance companies to view the data. The Wholesome Coin system applies the concept of patient-centric care by giving the user control over their health-related data that contain highly sensitive information. The user’s data are stored in a blockchain network providing security superior to cloud stored data. Through the blockchain network, government institutions and/or insurance companies can monitor and retrieve all stored information related to a user’s lifestyle upon receiving permission from the user; thereafter, when the user reaches a certain predetermined level of healthy lifestyle, the user will earn a corresponding amount of Wholesome Coin, which should be a digital coin verified by the government. In the event that the coin is verified and adopted by the government, Wholesome Coin will become an ideal currency for companies to accept as payment. The success of the system depends on the user’s ability to convert the maximum of the user’s assessed score into corresponding amount of coins. The user can then convert those coins to cash or even use them to buy goods and services because the coins are valuable, legible, and verified by the government. Digital coins are used to apply the gamification concept to entice the users to use the system by employing gaming strategies such as collecting coins, but with real money that the user can benefit from in real life. Every piece of health data generated by the wearable devices, will be uploaded to the blockchain network for record keeping. Furthermore, every request for access or permission for access granted, will be recorded in the blockchain for future auditing. By using blockchain, users will be guaranteed to have control over their health information, and will be able to give access to whomever they choose. Moreover, when data are uploaded to the blockchain, it is not removable, therefore the user cannot defraud any information. Blockchain is known for its fast transfer and identity authentication capabilities, which block any attempt to commit fraud, and can also handle increased scalability of transactions. Figure 2 demonstrates the Wholesome Coin ecosystem.
[image: Figure 2]FIGURE 2 | Wholesome coin ecosystem.
Wholesome Coin is a multi-user ecosystem that collects, assesses, and manipulates data coming from different sources that need to flow seamlessly. To integrate this solution with existing information resources, it would be best achieved by using a distributed infrastructure that would avoid discarding existing solutions that are not interoperable. This solution can be offered by blockchain technology rather than a traditional centralized infrastructure.
Wholesome Coin is a permissioned private type of blockchain that preserves users’ privacy, while allowing all system users to contribute to one or all of the three components of this ecosystem, i.e., diet tracking, exercise tracking, and coin rewards. The system allows only authorized users access to a user’s data ledger.
System Entities
System Users
System users are those users who store health-related data on the system and are authorized to grant access of such data to other entities. For example, a user can grant a private sector health payer reading and writing rights to their data, while limiting other health payers (government) to only reading rights. Furthermore, users can access their full transaction history (exercise, diet, coins, etc.) that has been recorded in the blockchain ledger.
Wearable Devices
Wearable devices are responsible for collecting users’ health-related data, such as walking distance, heartbeat, blood pressure, burned calories, and sleep patterns. The wearable device is connected to the user’s account through the mobile health application, which works as a dashboard and control port for the user. The data are directly uploaded to the blockchain network.
Health Payers
Health payers (including governments and insurance companies) are responsible to verify transactions from users’ requests to redeem coins. In addition, government institutions might, for example, allow a better exchange rate for Wholesome Coin to obese people for calories burned to encourage them to continue exercising. However, insurance companies might exert users’ exercise data to the user’s detriment, such as refusing to process a treatment for abnormal blood pressure because the user does not exercise sufficiently. Conversely, insurance companies can reward people who exercise.
Blockchain Network
A blockchain network is an ecosystem in which relevant user data are shared with a list of trusted participants of health payers. Wholesome Coin allows system users to completely control the data collected and the list of participants using private wallets (accessed through mobile-based apps). Simultaneously, health payer participants can grant users awards through a web-based app (Dapp). In addition, Wholesome Coin records all access requests and transactions for future auditing.
WHOLESOME COIN DESIGN AND IMPLEMENTATION
Wholesome Coin architecture comprises of 5-tier layered architecture as illustrated in Figure 3:
• User Interface Layer: with different interfaces for the user (mobile-based app) and health payer participants (web-based Dapp);
• Application Services Layer: containing the three key services provided for the Wholesome Coin users and participants;
• Authorization Layer: authorizes users before granting them access rights to the solution. Health payers are authorized to reward users with digital coins, while users are authorized to track their exercise and diet;
• Blockchain Layer: stores the on-chain data that must be immutable, known generator, and time sequence on a shared ledger. This is linked to the final physical layer, where all the data are stored. Access to data is granted based on access rights and implemented through a smart contract for each service; and
• Physical Layer: contains local off-chain database and WIoT sensor data that feeds the on-chain data.
[image: Figure 3]FIGURE 3 | Wholesome coin architecture design.
Two types of data are used to serve Wholesome Coin users: first, data that is stored locally in a database (i.e., off-chain data) and are protected by health payers’ internal protocol and policies; second, data that is stored in the solution’s blockchain ledger (i.e., on-chain data) and is available to the user and all participants in the blockchain network. Figure 4 (Alsuwailem et al., 2019) illustrates the off-chain and on-chain data components along with the remaining system components. Users access to data was through a mobile-based iOS app and Web Dapp. First, the off-chain data was implemented using Firebase and connected to the XCode project using Swift programming language, as illustrated in Figure 5 (Alsuwailem et al., 2019). All requests to access the off-chain data on Firebase were checked against an authentication list. Second, the Web Dapp for Ethereum blockchain was developed separately from the iOS app. As shown in Figure 6 (Alsuwailem et al., 2019), the Web Dapp consists of a front-end, back-end, and server. Remix was used to write, compile, and deploy smart contracts written in Solidity programming language. The Web3 provider was chosen as the execution environment and connected to the Ethereum client node at the local host. The front-end was developed using VScode to build a web page with HTML, JavaScript, and CSS. The back-end to front-end connection uses Web3 to interact with the smart contract and the HTML page. The link between them was achieved by conveying the ContractABI and contract address from Remix to the HTML page. Web3 was written on the HTML page using JavaScript. The back-end and front-end interactions with the TestRPC server, are the Ethereum blockchain emulator for running the transactions. When the TestRPC server is activated, it provides 10 fake Ethereum accounts with 100 Ethers for each account, allowing calls to be made to the blockchain. The smart contracts are called via Web3 on the HTML page using an account address, and the transactions are made in the TestRPC server. Finally, the Dapp was built on a private Ethereum blockchain with three smart contracts and used Truffle to compile it to the private Ethereum network; the Geth Server was used to run it. The Ethereum platform was chosen over Bitcoin. This is because it is an open source that supports blockchain’s third generation, supporting general applications beyond currency and financial services (Swan, 2015). The Wholesome Coin application uses the platform to support the three system cases used in the healthcare sector to collect medical data, create cryptocurrency to incentivize users, and provide financial services to redeem the coins collected as rewards.
[image: Figure 4]FIGURE 4 | Off-chain and on-chain components (Alsuwailem et al., 2019).
[image: Figure 5]FIGURE 5 | Wholesome Coin off-chain components (Alsuwailem et al., 2019).
[image: Figure 6]FIGURE 6 | Wholesome Coin on-chain system components (Alsuwailem et al., 2019).
DISCUSSION
Obesity is a major problem that has a negative impact on health, societies, and economies. It was considered an epidemic that needed to be treated effectively. Overcoming obesity is challenging because, to prevent people from becoming obese, they need to be motivated and engaged in physical activities. To date, there is no cryptocurrency-based digital eHealth solutions in GCC countries that targets the population and incentivizes them. In this study, we proposed a solution that encourages people to become healthier by exploiting technology. The solution integrates two rising technologies: WIoT and blockchain. The digital coins employed through blockchain technology enabled the concept of gamification in which users are motivated to engage in more physical activities because the more activities the user take part in, the more coins the user gains. Considering that the digital coins are real and can be used to buy goods and services, it can be expected to increase the user’s motivation. In addition, the use of blockchain, which is a reliable and secure platform to keep users’ data, increases the user’s trust because health-related data are highly protected. Wholesome Coin can help people to easily achieve a healthier lifestyle as they move closer to becoming fit and wholesome. Inevitably, encouraging people to live healthier, assists in preventing chronic diseases such as diabetes, high cholesterol, knee and back problems, heart diseases, and depression.
CONCLUSION
Wholesome Coin can have a positive impact on the government’s economy for the reason that the solution firmly involves government institutions as the main partners and sponsors. When people are healthy, medical costs are less and hospital visits diminish. People are also less likely to need surgical procedures, such as sleeve gastrectomy and medicines for diseases such as diabetes and high cholesterol. Because our solution depends on the accuracy of WIoT in measuring health-related data and its development in identifying identity techniques, this might result in the solution depending mainly on the evolution of such technology. Therefore, we encourage further research into and development of WIoT in general, as well as investigating the degree to which people are willing to use such systems in the region. In conclusion, the authors do not have concerns about the likelihood of government to use a system that depends on digital coins and blockchain, because some governments in the GCC have already started adopting projects that use similar technologies such as Masdar in UAE (Masdar, 2021) and NEOM in Saudi Arabia (NEOM, 2020), thereby providing a strong indication that the Wholesome Coin system, which depends on the same technology, can be adopted and implemented in the near future.
Like any digital health solution, Wholesome Coin has a few key challenges of which adoption and misuse are paramount. Like any other commercial solution, it is prone to misuse because it involves money. Even with a tight access control model, authorized users can manipulate the system to redeem more coins, which could be managed through regular or random physical visits to verify user assessments. With regards to adoption, greenfield projects such as smart cities (Masdar, 2021; NEOM, 2020), are the ideal targets to adopt the Wholesome Coin application as the environment attracts people with the right mindset, most likely prone to adopt to new smart solutions.
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