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Abstract
In this review, we discuss the chronic care model (CCM) in relation to the diabetes pay-for-performance (P4P) program in Taiwan. We first introduce the 6 components of the CCM and provide a detailed description of each of the activities in the P4P program implemented in Taiwan, mapping them onto the 6 components of the CCM. For each CCM component, the following three topics are described: the definition of the CCM component, the general activities implemented related to this component, and practical and empirical practices based on hospital or local government cases. We then conclude by describing the possible successful features of this P4P program and its challenges and future directions. We conclude that the successful characteristics of this P4P program in Taiwan include its focus on extrinsic and intrinsic incentives (i.e., shared care network), physician-led P4P and the implementation of activities based on the CCM components. However, due to the low rate of P4P program coverage, approximately 50% of patients with diabetes cannot enjoy the benefits of CCM-related activities or receive necessary examinations. In addition, most of these CCM-related activities are not allotted an adequate amount of incentives, and these activities are mainly implemented in hospitals, which compared with primary care providers, are unable to execute these activities flexibly. All of these issues, as well as insufficient implementation of the e-CCM model, could hinder the advanced improvement of diabetes care in Taiwan.
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Core Tip: Most studies have shown that pay-for-performance (P4P) can reduce diabetes-related complications. The successful characteristics of this P4P program in Taiwan include its focus on extrinsic and intrinsic incentives (i.e., shared care network), physician-led P4P and the implementation of activities based on the chronic care model components. However, the P4P coverage rate should be steadily improved, and Taiwanese government should invest more in primary care to help these facilities participate in the P4P program and have the capacity to implement chronic care model -related activities.

INTRODUCTION
There are two kinds of pay-for-performance (P4P) designs[1]. The first type of design is called indicator-based P4P, which is designed to provide extra incentives and establish a fee for service or capitation to meet objectives; examples are the P4P systems adopted in the United Kingdom[2], the United States [not including patient-centered medical homes (PCMH)][3], France[4], South Korea[5], etc. The second type is called participatory P4P, which is especially for diseases such as diabetes and has been employed in the PCMH model in the United States[6], Australia[7], Ontario of Canada[8], Tuscany in Italy[9], and Taiwan; this design is focused on patient engagement and simply rewards participation in care-improvement activities without necessarily linking bonuses to the attainment of objectives based on specific measures. Both of these types of P4P designs have their own distinct advantages. For example, the former design can steer the provider toward the predefined goals, and the latter design places fewer limitations on professional autonomy and fosters cooperation between providers and other medical staff (e.g., health educators)[1,10]. In general, the effect of P4P designs on outcomes is still arguable, and most studies have been conducted in the United States and the United Kingdom[11]. Participatory P4P research outside United States and United Kingdom is still in its infancy, and further research is needed[1].

Participatory P4P achieves better outcomes
In participatory P4P, some of these countries have achieved better outcomes for diabetes; for instance, in 2010, the Tuscany region implemented this kind of P4P design to improve general practitioner (GP) management of chronic diseases[9]. In Taiwan, more than 10 studies have shown that this kind of P4P design can reduce negative outcomes. For example, most studies have shown that P4P can reduce diabetes-related complications[12-14], Emergency Department visits or hospital admissions[15,16], the incidence of cancer[17], tuberculosis[18], and mortality[12,19-21]; improve HbA1c control[22]; and achieve cost-effectiveness[23-25]. The achievements of diabetes P4P designs have received attention from international scholars and the media, such as the Economist[26,27]. The diabetes P4P program in Taiwan not only aligns the extra incentive provided to physicians with good compliance with diabetes but also, most importantly, integrates chronic care model (CCM)-oriented activities, which are carried out by physicians as the leaders of professional teams.

The importance of this review
In Taiwan, most studies related to the diabetes P4P system have tended to focus on the effectiveness of the integrative model (i.e., have mainly focused on outcomes)[28]. However, a detailed understanding of the P4P system in Taiwan is more important because it may provide insights into how to build a P4P system featuring incentives for care compliance and care activities based on the CCM. In addition, if the beneficial activities associated with all CCM components are clearly mapped from a nationwide perspective, the subsequent implementation of these activities could be more informed[29]. Moreover, recent scoping research has indicated that empirical studies on the successful application of the CCM have mainly focused on two dimensions, namely, patient self-management and provider service delivery[30], and have addressed other components less. Hence, in this review, we aim to discuss the CCM in the diabetes P4P program in Taiwan. We first introduce the 6 components of the CCM and provide a detailed description of each of the activities in the P4P program implemented in Taiwan, mapping them onto the 6 components of the CCM. For each CCM component, the following three topics are described: the definition of this specific CCM component, the general activities implemented related to this component, and practical and empirical practices based on hospital or local government cases. We then conclude by describing the possible successful features of this P4P program and its challenges and future directions.

METHODLOGY
The 6 components of the CCM
Many of the initial disease management strategies for improving quality of care were cooperative and were referenced in Wagner’s CCM proposed in mid-1990[31]. Many activities implemented by disease management programs for improving chronic care have been based on the different levels and components of the CCM, which often includes four levels for classifying different activities: (1) the system, (2) the physician/facility, (3) the patient, and (4) the community[32]. Furthermore, the CCM has 6 interrelated components: (1) a health care system (at the system level), (2) a coordinated care/delivery system design (at the hospital/physician level), (3) a decision support system (DSS) (at the hospital/physician level) to support physician guideline adherence, (4) patient self-management (at the patient level), (5) community resources (at the community level), and (6) a clinical information system (CIS) (at the hospital/physician level)[32,33].

Mapping the activities in the diabetes P4P program in Taiwan to the CCM components
We searched PubMed using the following keywords: “share care/shared care/case management/care system comprehensive care and Taiwan and diabetes”. Articles found in the different searches were used as the materials for this review. For the mapping of activities to the 6 components of CCM, at least 9 articles can be referenced, and we described empirical practices based on these articles (see below)[28,34-41].

[bookmark: _Hlk61967700]CCM component 1 — the health system in Taiwan (system level): The health system focuses on creating a culture, organization and mechanisms that foster productive interactions with consumers and promote safe, high-quality care, which includes incentives based on quality of care, visible support for improvements provided by senior leadership, and the development of agreements that facilitate care coordination within and across organizations[31,33,42,43]. We discuss incentives based on quality of care of CCM component 1 below in detail (the leadership issue will be mentioned in the Discussion section).
Regarding incentives based on the quality of care, the P4P program has undergone a two-stage evolution, with the initial establishment of disease management activities the shared care network (SCN) followed by the integration of reward systems for examinations and these activities. The pilot SCN proposed in Taiwan, called the Lan-Yang Diabetes Shared Care System (LYDSCS), which was first experimentally implemented in I-Lan County in 1996, was collaboratively executed by governmental authorities (the central Bureau of Health Promotion and local government) and hospitals[36]. After the successful implementation by I-Lan County, the National Health Insurance Administration (NHIA) integrated external incentives with this SCN as the first generation of the diabetes P4P program in 2001, which not only enforces the execution of suggested activities from the SCN but also highlights the adherence to guidelines for physicians to conduct the necessary examinations[35,36,41]. Based on the regulations for the incentive structure described in the 4th to 9th proposals for the diabetes P4P programs from 2006 to 2012, a team can receive a one-time sign-on payment of US $13 per patient enrolled in the P4P program at the hospital. In addition to the regular fee-for-service charge from the annual global budget, a team earns US $108 (not including the enrollment fees) for each patient who completes the cycle of care in a year and whom the team sees at least four times per year. The incentives (US $108) include three follow-up fees (total US $21), a one-time yearly evaluation fee (US $27), and physician fees that are paid four times, once for every patient visit except for visits to stand-alone clinics (total US $60)[14].
The P4P proposal suggests once a patient was enrolled as a participant or had undergone a yearly assessment, the patient must be given 11 essential lab tests A1c, fasting plasma glucose, fasting lipid profile (total cholesterol, triglyceride, high-density lipoprotein, low-density lipoprotein), serum creatinine, serum glutamic-pyruvic transaminase, urinalysis, microalbumin, and a dilated eye examination[14]. Regarding the three follow-up visits, only two necessary examinations need be done, the A1c and glucose. In August 2006, there was a physician-level outcome incentive for the two poor outcomes used, which were “Percentage of A1C ≥ 9.5 percent” and “Percentage of low-density lipoprotein ≥ 130 mg/dL”[44].
Regarding the development of agreements that facilitate care coordination within and across organizations, some local counties, such as Changhua, have expanded the role of public health nurses and dietitians in health centers to cooperate with private primary care physicians[22]. In addition, some small facilities cannot hire a diabetes team due to cost considerations; however, by sharing labor from large facilities with small facilities, adequate economies of scale can be attained[36].

CCM component 2 — patient self-management support/patient education in Taiwan (patient level): Patient self-management support includes the following activities: information provision, patient education (general, disease, and self-management), behavioral/motivational support, patient-centered care (i.e., goal setting), and the provision of self-management tools[31,33,45].
The P4P proposal suggests the following evaluations, which fit with the principles above: (1) short- and long-term goals, (2) adherence to self-management training, (3) self-management of blood sugar results, (4) knowledge of diabetes, and (5) self-management skills. The P4P proposal also suggests the following educational steps that should be recorded into patients’ charts: (1) describe the disease progression and treatment options, (2) make lifestyle changes and diagnose personal problems, (3) use a coping strategy to solve problems in daily life, and (4) implement patient self-management from these principles[14].
Special hospital cases to help patients perform self-management are as follows. (1) In the Case 1 hospital, education is conducted in a small group of 8-10 patients around a table using an interactive approach that is intended to resolve the problems associated with self-care, reinforce knowledge of diabetes, and encourage participants to share experiences. The content of discussion includes motivation to exercise and make dietary changes, the suggestion of at least 150 min/wk of exercise, and the selection of a type of exercise depending on the patient’s lifestyle and preferences. Each patient is encouraged to monitor his or her own blood glucose[28]. (2) In the Case 2 hospital, patients use a self-management tool called an insulin rotary disc, which is made by this hospital. Patients adjust their insulin dosage according to the suggestion displayed by the tool when the dial is aligned with the average of the past fasting glucose values[34].

CCM component 3 — a coordinated care/delivery system design/practice redesign in Taiwan (hospital/provider level): The coordinated care/delivery system design includes the following activities: team-based care provision (professionals play roles on a team), individualized care (case management), follow-up, adjustment based on health literacy and cultural background, and nurse/physician-led care[31,33,45].
The P4P proposal strictly requires that the care of diabetes patients be performed by a team consisting of trained professions[14]. The members of a team should include at least one physician of any specialty (endocrinology, family medicine or internal medicine), health educators (registered nurses), and dietitians, and they must register with the division of health and the local government. Communication between team members is facilitated through clinical training, periodic conference meetings, panel discussions, and the circulation of newsletters, and physicians within the P4P system use shared referral protocols and referral sheets[36,40]. In addition, the proposal also suggests that the delivery system be tailored to make psychosocial adjustments according to the patient’s condition[14]. Through training in the relevant knowledge and skills above, in 2013, more than 4000 health professionals, including physicians, nurses, dieticians, and pharmacists, were qualified by the Taiwan Association of Diabetes Educators (TADE), which indicates that they completed the training to gain the relevant knowledge and skills, as well as the Taiwan Bureau of Health Promotion, Department of Health (this unit has now been promoted to the Ministry of Health and Welfare)[35].
Special hospital cases for redesigning delivery systems are as follows. (1) Regarding individualized care in the Case 1 hospital, taking nutrition therapy as an example, the dietitians in this hospital provide individualized nutrition plans that are prescribed based on recommendations and that are adjusted based on a patient’s preferences; ideal body weight; and demographic, religious and socioeconomic factors[28]. Furthermore, the nurse case manager and dietitian in this hospital are sent to visit patients who express difficulty in identifying “high-sodium foods” in their diet[22]. (2) In the Case 2 hospital, regarding adjustments based on health literacy, educational materials are translated into different languages; materials are also adapted to different literacy levels[34]. In addition, the hospital also focuses on patients’ emotional well-being by supporting them as they adjust their psychological conditions and social relationships in daily life; the hospital receives patient feedback or elicits patients’ feelings about insulin injection or glucose monitoring[34]. For remote patients, the same hospital even formed the Healthcare Diabetes e-Institute to enhance self-management through telecare for patients living in an underserved rural community[38].

CCM component 4 — the clinical information system in Taiwan (hospital/provider level): The CIS focuses on organizing data to facilitate efficient and effective care, including summarizing data to help track and plan care and facilitate performance monitoring and quality improvement efforts[31].
In Taiwan, systems that are used to monitor patient records or hospital performance, such as the CIS, are built at three levels. (1) At the national level, hospitals must report patient clinical outcomes via the virtual private network (VPN). The NHIA provides a website for every hospital to track and query their patients[41]. (2) At the local government level, some counties, such as Changhua County, have built the diabetes care management information system (DCMIS) to promote the use of clinical information in primary care. The DCMIS includes functions such as registration, reminders, descriptive statistics, and quality report production[39]. (3) At the hospital level, hospital-made systems are usually richer than nationwide-level VPN systems. Hospitals can set up a diabetes registry that automatically captures their hospital information system records and monitors data for patient follow-up visits, such as patient demographics, telephone interview records, clinical chemistry values (outcomes), and health education records[34].

CCM component 5 — the DSS/expert system in Taiwan (hospital/provider level): The DSS focuses on promoting clinical care that is consistent with scientific evidence, which includes evidence-based guidelines for daily clinical practice and proven provider education methods[31].
In Taiwan, systems designed to provide performance feedback and/or reminders, such as the DSS, are built at two levels. (1) At the nationwide level, a public report card system is used in Taiwan[46] through which hospitals can receive feedback on diabetes quality, conduct benchmarking, and improve their performance[34,35,39]. (2) At the hospital level, hospitals may make their own DSS, which can require the implementation of alert functions and reminders for guideline adherence[34,35]. All of these monitoring measures align with evidence-based guidelines.

CCM component 6 — community resources in Taiwan (community level): At the community level, the focus is on the mobilization of community resources to meet the needs of patients, which includes encouraging patients to participate in effective community programs and forming partnerships with community organizations to support and develop interventions that fill gaps in needed services[31].
Community resources focus on patient self-support groups, which have undergone 2 stages and have developed since the early era of LYDSCS. In the early period, the era of the LYDSCS brought about the planning of patient self-support groups[36]. With support from the Bureau of Health Promotion, TADE represents over 450 diabetic patient groups in different regions of Taiwan and aims to improve diabetes self-care and high risk awareness[22,36,41]. In the latter period, most patient peer groups were generated by the hospital itself. Hospitals invited patients’ caregivers or peer groups to supervise patients, participate in the discussion groups, and provide information about compliance[28,37]. Based on these activities, patients’ families or peer groups gradually became members of the medical team, and health professionals now consider them to be partners[40].

DISCUSSION
There are several policy implications for countries outside Taiwan, including the dual role of incentives as P4P features and physician-led quality improvement. However, these policy implications cannot be generalized throughout the world and are only referenced by countries with similar participatory P4P systems. In addition, there are also some disadvantages of diabetes P4P programs that need to be improved in the future (see the final paragraph).

Focus on extrinsic and intrinsic incentives (dual role)
Although reward systems are for both examinations and CCM-oriented activities in Taiwan, these kinds of incentives are mainly used for examinations because the low amount of incentives cannot sufficiently cover the cost of CCM-oriented activities. Extrinsic incentives (money) that target examinations alone without complex CCM-oriented activities are not sufficient to drive the improvement of patient outcomes[10,47] unless a large amount money is paid[11]. Usually, an extrinsic incentive is not sufficiently large enough to drive the execution of CCM-oriented activities, and compliance regarding the execution of these activities should also rely on the power of intrinsic incentives. Physicians have intrinsic motivations, such as professional autonomy/professionalism, inherent desires, and providing good-quality care, for performing these CCM-oriented activities[48]. However, purely relying on CCM-oriented activities provided by disease management programs may not work because there is always a quality gap when the provider has to adhere to guidelines to conduct the examinations[49]. In summary, the diabetes P4P program in Taiwan has dual characteristics that integrate extrinsic (guideline adherence) and intrinsic (CCM-oriented activities) activities at the same time, which is probably what makes the program successful[22].

Physician-led P4P (CCM component 1) and the implementation of activities based on the other 5 CCM components
We mapped the activities in the P4P program implemented in Taiwan onto the 6 components of the CCM. These 6 components are important because recent meta-analyses and systematic reviews have shown that only the integrated execution of activities corresponding to the 6 components could achieve better patient outcomes[32,50]. Another recent systematic review also demonstrated that integrating all of these components in an intervention could have greater benefits for improved patient outcomes than conducting an intervention featuring a single or some CCM components[33]. Hence, the issue of how to drive more CCM components is an important topic; the secret is perhaps found in the conclusions of Baptista et al[33]’s systematic review research, which highlighted the value of starting with this component (i.e., leadership) and continuing to subsequently implement all the other components. Based on this research, the CCM leadership component is the key to driving the other 5 components. In addition to the incentives that are based on quality of care, part of this health system component emphasizes visible support for improvements provided by senior leadership[31,33,42]; this provider-driven leadership is important for provider engagement, and it enhances professional collaborations between providers and other medical staff (e.g., health educators)[51]. Physicians, as health professional team leaders, strategically lead teams to provide coordinated care and make quality improvements[9,33].
Another example that highlights the importance of physician leadership is Wagner[52]’s revised CCM model, which was published in 1998. Interventions in health care organizations, including the delivery system design, decision support and information system categories, can help to ensure that teams are prepared and proactive, which can allow them to provide effective self-management support and access to community services to help patients be informed and activated. However, empirical research has shown that the revised CCM model still cannot address effective leadership and the robust measurement of clinical quality or effective clinical teams, which indicates the importance of starting from physician-driven leadership to lead professional teams in executing all CCM-related components[52]. Based on this research, the revised CCM model has been incorporated into the PCMH model, which emphasizes effective leadership and team building, which are essential for CCM implementation[45]; however, more evidence is needed on the effects of PCMHs in reducing patient adverse outcomes[53].
The P4P program, especially for the SCN in Taiwan, might provide physicians with the intrinsic motivation to offer provider-driven leadership to implement relevant activities because the system meets physicians’ needs to allow them to provide good-quality care and promotes providers’ vision and enthusiasm to become leaders[14], which is a vital part of the successful execution of different CCM-related activities[36]. Physician-led teams also have benefits for patients because they increase patient trust and consequently promote patients’ willingness to take on self-management through regular contact sessions and supervision[37].
The practical framework and examples of driving other CCM components from system components can be seen in Figure 1, which starts with two health system components: incentive and SCN. In Figure 1, the top solid line represents the main target or support, and the top dashed line represents the principle provision (suggestion). The incentives mainly target guideline adherence (path 1). Other activities, including self-management support, coordination of different disciplines, and use of community resources, are only suggested in the P4P protocol (path 2). Although these activities are not the main incentive target, which means they are not paid per activity base, they are still strengthened and supported by SCN (path 3). For example, regarding coordinated care, the P4P protocol regulates team-based implementation, and the SCN provides support for team building via nationwide recognition. Another example is the component of self-management, where SCN provides training for coordinated care teams to boost specific caring skills, and the P4P protocol establishes the principles of patient self-management. The lower levels are the hospital-based CIS and DSS components, which are not strictly paid the incentive or supported by SCN; however, there is perhaps a spillover or induced effects on these two activities (path 4). For example, hospitals can automatically set up a DSS to promptly encourage physicians to adhere to the guidelines[34,35]. Future studies should investigate the efficiency of the framework.

CHALLENGES AND FUTURE DIRECTIONS OF THE P4P DESIGN IN THE IMPLEMENTATION OF CCM-RELATED ACTIVITIES IN TAIWAN
Taiwan’s diabetes P4P framework still has room for improvement. First, approximately 30% of patients with diabetes in Taiwan were covered by the P4P program in 2010[41] and up to 43% were covered in 2015[54]. Hence, although the coverage rate of the P4P program in Taiwan approached approximately 50%, the other 50% of patients who were not covered by the program did not receive these CCM-related activities and perhaps had worse outcomes. This is probably why Taiwan is not high in the overall ranking of diabetes care across the globe[55]. However, the P4P model in Taiwan has been proven to be effective because it has the distinctive characteristics of including all CCM components. In the future, the P4P coverage rate should be steadily improved.
Second, more patients with diabetes choose to visit hospitals rather than clinics. Taiwanese citizens can visit physicians at stand-alone clinics or hospital outpatient departments for free based on their preference. Sixty percent of patients with diabetes receive care in hospitals[56]. Hospital physicians may need to treat many patients, from at least 60 to 100 or more in one day[57]. In 2018, only 8% (900/11000) of stand-alone clinics participated in the P4P program[57], and only 10% of all patients were enrolled in the P4P program in primary care (a 25% enrollment rate in primary care). Because of the limited capacity and time strain in hospital care[57], it is unlikely feasible for large hospitals (i.e., tertiary hospitals) to conduct a perfect delivery system redesign, such as one that includes individualized care (case management) and tailored care based on patients’ needs, which are very time-consuming. It is also unlikely for hospitals to be able to more flexibly and efficiently use community services than stand-alone clinics or practice teams since stand-alone clinics are located elsewhere in urban or rural communities. However, most of the primary care in Taiwan lacks the resources to implement activities suggested by the SCN. Since primary care may play an important role in caring for patients with diabetes[58,59], in the future, Taiwanese governments should invest more in primary care to help these facilities participate in the P4P program and have the capacity to implement CCM-related activities[60].
Third, the estimation of the incentive amount is mainly based on the number of patient visits and is not truly estimated based on the actual cost of CCM-based activities. On average, only a small amount of extra money, i.e., US $100 per patient per year, can be received by the facility if the incentive amount is based on the number of patient visits[41]. Although we do not have data on the portion of P4P earnings related to the total income by physicians in Taiwan, we know that the annual amount of the financial incentive averaged only 2%-3% of the total diabetes care expenditures (approximately US $0.4 billion]) in 2003[61], and the investment in P4P rewards was small compared to that in other countries, such as the United Kingdom, which has an indicator-based P4P system and invests large extra rewards in quality competition; for example, every GP in the United Kingdom could earn an average bonus of ₤77 thousand[62,63], and this approach was successful[1]. In contrast, in theory, the value creation of other P4P systems such as participatory P4P relies heavily on beneficial activities implemented for patients; more investment should be made in the core part of P4P program activities but not in measures for quality competition. If the investment is right for participatory P4P design, this design could achieve much better success. In the future, incentives should be invested directly in value-created CCM-oriented activities in Taiwan.
Fourth, the use of IT (Internet technology) to support CCM-related activities is still lacking. Systematic and meta-analyses have shown that the use of IT, such as telemedicine and mobile phones, can increase the effectiveness of diabetes patients’ self-management[64]. Gee et al[65] proposed a future e-CCM model that consists of the use of the internet to seek health information, social networking, telehealth mobile health (mHealth), and patient portals (PRs) or patient health records (PHRs) to enhance the use of the original CCM model. The features of PRs include the tracking of patients’ clinical results, proactive uptake of preventive care and screening, and suggestions for treatment strategies[66]. For example, regarding patients’ self-management support, the use of PHRs, telemedicine, and mHealth could enhance patients’ self-management and thus strengthen patient activation or self-perceived confidence in care[67,68] and improve patient outcomes[69]. In the future, the Taiwanese government or facilities should develop a comprehensive IT infrastructure for the e-CCM model.

CONCLUSION
We conclude that the successful characteristics of this P4P program in Taiwan include its focus on extrinsic and intrinsic incentives (i.e., SCN), physician-led P4P and the implementation of activities based on the CCM components. However, due to the low rate of P4P program coverage, approximately 50% of patients with diabetes cannot enjoy the benefits of CCM-related activities or receive necessary examinations. In addition, most of these CCM-related activities are not allotted an adequate amount of incentives, and these activities are mainly implemented in hospitals, which compared with primary care providers, are unable to execute these activities flexibly. All of these issues, as well as insufficient implementation of the e-CCM model, could hinder the advanced improvement of diabetes care in Taiwan.
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Figure 1 The framework of driving other chronic care model components from system components in Taiwan. P4P: Pay-for-performance; CIS: Clinical information system; DSS: Decision support system.
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