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Abstract 

Background and objectives: In Ontario, primary care reform was initiated in the 

early 2000s with an aim to improve the quality of primary care. Hence, the provincial 

government restructured family physicians’ remuneration package. Prior to the 

reform, most physicians received majority of their income through fee-for-service 

(FFS). In Ontario, Family Health Group (FHG) and Family Health Organization 

(FHO) are dominant post-reform primary care models that remunerate family 

physicians through blended FFS and blended capitation, respectively. In three studies, 

we compared physicians in FHGs and FHOs in terms of their care provision for 

persons with diabetes mellitus (1st study), congestive heart failure (CHF) (2nd study) 

and chronic kidney disease (CKD) (3rd study). 

Methods: All data were obtained from the ICES (formerly known as the Institute for 

Clinical Evaluative Sciences). For the first and second studies, we employed 

propensity score-based weights and fixed effects regressions on a balanced panel of 

physicians spanning 10 years; all analyses were conducted at the physician level. In 

these two studies, the comparison was between physicians in FHG who never 

switched to FHO or other models (i.e., non-switchers); switchers were physicians who 

switched from FHG to FHO. For the third study, we performed two cross-sectional 

analyses at the physician level; lack of data availability for patients with CKD over 

time deterred us from conducting longitudinal analyses as in the first two studies. 

Results: We found that switching from FHG to FHO was associated with an 

improvement in some aspects of diabetes care. We found that CHF care—in terms of 

physicians’ follow-up of patients who are discharged—was not different between 

switchers and non-switchers. We found that some aspects of CKD care were better 

with physicians in FHG relative to their counterparts in FHO. 
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Conclusions: Compared to blended FFS, blended capitation payment is associated 

with a small but statistically significant improvement in some aspects of diabetes care. 

Our findings suggest that follow-up care for patients with CHF is similar in Ontario’s 

blended FFS and blended capitation models. Though we found that blended FFS is 

associated with greater adherence to some CKD process measures, future studies 

could employ longitudinal regressions to account for more confounding. 

Keywords: primary care reform, fee-for-service, capitation, quality of care, physician 

remuneration, pay-for-performance 
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Summary for Lay Audience 

In the early 2000s, the Canadian province of Ontario embarked on reforming 

its system of primary care; a major aim of the reform was to improve the quality of 

care that family physicians provide to their patients. To achieve this aim, the 

government partially relied on changing family physicians’ remuneration and 

introducing pay-for-performance (P4P) incentives.  

Prior to the reform, most of Ontario’s family physicians were paid through 

fee-for-service (FFS), a mode of remuneration where the unit of payment is the 

service. The post-reform primary care models are partly characterized by blended 

payment, which refers to a remuneration system based on multiple sources of 

income—of which one source predominates. For instance, in blended FFS, physicians 

are mainly remunerated through FFS and have secondary sources of income through 

bonuses, P4P incentives, and premiums. Family Health Group (FHG) and Family 

Health Organization (FHO) are two popular post-reform primary care models that pay 

physicians through blended FFS and blended capitation, respectively. In capitation, 

the unit of payment is a person. Over time, many physicians switched from FHG to 

FHO (i.e., switchers); however, some remained in FHG (i.e., non-switchers). 

The evidence on physician’s performance in FHGs and FHOs is limited; thus, 

we examined the impact of these two payment models on physicians’ provision of 

primary care services to Ontarians with diabetes mellitus, congestive heart failure 

(CHF), and chronic kidney disease (CKD). We also investigated patients’ health 

outcomes. 

 We found that physicians’ switch from FHG to FHO was associated with 

moderately better care for some diabetes-related services; there was no significant 

difference between switchers and non-switchers in terms of the CHF care measures 
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we examined. We also found that adherence to some CKD-related care processes was 

higher for physicians in FHGs relative to their counterparts in FHOs. Collectively, our 

studies provide some evidence to support that family physicians’ level of care can be 

associated with how they are paid. 
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Chapter 1 

1 Introduction 

1.1 The history of healthcare in Canada 

In Canada, publicly funded healthcare is provided and financed through 

provincial or territorial health insurance plans. The history of Canadian healthcare 

system is eventful; the country came a long way to have a universal health insurance 

system. In this section, a brief historical context is presented to outline the Canadian 

government’s support for universal primary care. 

Prior to the late 1940’s, Canada’s system of healthcare was mainly privatized 

whereby Canadian residents’ access to medical care directly depended on their 

affordability. Canada’s shift to a system where healthcare can be accessible without 

out-of-pocket payments began in the province of Saskatchewan in 1947 through the 

introduction of a public healthcare insurance plan for hospital services (Government 

of Canada, 2018). The plan was called the Saskatchewan Hospital Services Plan, and 

it was the first universal health insurance plan for hospital services in North America 

(Lavoie, 2018). On July 1st 1962, this provincial plan was extended to cover physician 

services in Canada through the Hospital Insurance and Diagnostic Services Act 

passed by the federal government in 1957 (Government of Canada, 2018; Office of 

the Auditor General of Canada, 2002). In 1966, the federal government introduced the 

Medical Care Act, which proffered to reimburse, or cost-share, medical services 

provided by physicians outside the hospital setting. By 1972, each province’s and 

territory’s health insurance plan covered outpatient physician services (Government 

of Canada, 2018). 
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In 1984, both the aforementioned federal acts that were introduced in 1957 

and 1966 were amalgamated through the Canada Health Act (or the Act), which 

ensures that the provincial and territorial governments deliver healthcare in 

accordance with five principles: (1) accessibility, (2) portability, (3) universality, (4) 

comprehensiveness and (5) public administration (Government of Canada, 1985). 

Accessibility ensures that each province’s and territory’s insurance plan enable legal 

residents to receive medical services without out-of-pocket payments for the insured 

medical services. Portability ensures that Canadians are eligible for health insurance 

even if they move from one province (or territory) to another. Universality ensures 

that the health insurance plan of each province or territory financially covers 100% of 

insured medical services under uniform terms and conditions. Comprehensiveness 

refers to the plan’s coverage of services provided by hospitals, physicians, as well as 

emergency dental services in hospitals. Public administration essentially means that 

each  province’s and territory’s  insurance plan must be managed by a public 

jurisdiction (Conference Board, 2013; Government of Canada, 1985, 2018; Office of 

the Auditor General of Canada, 2002). It is important to note that the principle of 

public administration under the Canada Health Act does not preclude the delivering 

of health services privately because the Act merely dictates that the funding and/or 

purchasing of care be under a public authority. Consequently, the vast majority of 

family physicians provide their medical services in private practice settings. This is 

also consistent with the fact that many hospitals—as well as companies for laboratory 

services—are private organizations (Tindal, 1997, 2007).  

The primary objective of the Canadian healthcare system is “to protect, 

promote and restore the physical and mental well-being of Canadian residents, and to 

facilitate reasonable access to medically necessary healthcare services without 
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financial  barriers” (p. 5) (Minister of Justice, 2020). While the provincial government 

is mainly responsible for the delivery of healthcare, there are certain populations for 

whom the jurisdiction of healthcare is primarily under the federal government; these 

groups of people include First Nations and Inuit, and members of naval services 

(Conference Board, 2013). 

The federal government’s main involvement with Canada’s decentralized 

healthcare system is the provision of financial support to sustain the provincial and 

territorial universal health insurance plans (Government of Canada, 2018). For 

instance, the federal government established the Canada Health and Social Transfer 

(CHST) in 1995, which was a block funding program that used federal funds and tax 

transfers to financially support healthcare, post-secondary education, social services 

and social assistance.  In 2004, CHST was split into two programs, namely, Canada 

Social Transfer (CST) and the Canada Health Transfer (CHT). The CST program 

provides block funding for post-secondary education, social services and social 

assistance. The CHT provides block funding for healthcare to all the provinces and 

territories; furthermore, CHT is Canada’s largest federal transfer to provinces and 

territories. The provinces and territories must adhere to the five principles of the 

Canada Health Act mentioned earlier to receive financial support through the CHT  

(Conference Board, 2013; Department of Finance-Government of Canada, 2011; 

Government of Canada, 1985, 2018; Martin et al., 2018; Office of the Auditor 

General of Canada, 2002).  

1.2 Primary care  

Primary care essentially refers to medical services individuals receive when 

they first contact the healthcare system; such care is comprehensive, coordinated and 

continuous. Primary care is comprehensive as it addresses most of an individual’s 
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health-related issues. Primary care is coordinated because it ensures that various 

healthcare needs of a patient are met; for instance, if a patient is in need of mental 

health services, the patient’s primary care physician (PCP) could refer her/him to a 

psychologist. Primary care is continuous because it spans a patient’s lifetime (Hawk, 

2002; Kroenke, 2004; Starfield, 1994). In Canada, the vast majority of primary care is 

provided by PCPs; these healthcare practitioners are exclusively physicians who 

specialize in family medicine. On the contrary, PCPs in other countries, including the 

United States (US), can include specialists like pediatricians and geriatricians 

(Canadian Medical Association, 1994). In the Canadian context, ‘family physician’ 

and ‘primary care physician’ are synonymous and, therefore, are used interchangeably 

throughout this thesis.  

Though the terms ‘primary care’ and ‘primary healthcare’ are distinct, they are 

often used interchangeably in the health services research literature. While primary 

care involves a patient’s first-contact interaction with a clinician, primary healthcare 

involves a patient’s interaction with any sector of a healthcare system. For instance, 

water sanitation does not pertain to primary care but, rather, pertains to primary 

healthcare (Muldoon et al., 2006). 

Fee-for-service (FFS) and capitation are the two dominant remuneration 

mechanisms for primary care physicians; the unit of payment in FFS and capitation is 

the ‘service’  and the  ‘person’, respectively (Quinn, 2015).  

A key advantage of FFS is that it rewards the provision of targeted and 

specific services. However, one disadvantage of FFS is that certain functions of 

primary care, such as coordination of care, are not directly rewarded under FFS; for 

instance, under FFS, a clinician is not incentivized to spend his/her time on 

coordinating non-reimbursable services such as non-face-to-face consultations via 
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phone or e-mail communication. Another disadvantage of FFS is that it, arguably, 

rewards the overprovision of care to patients, where the extra medical services may be 

unnecessary (Berenson & Rich, 2010; Simoens & Giuffrida, 2004).  

A strength of capitation is that this remuneration mechanism incentivizes 

physicians to increase their patients’ access to comprehensive care (Blomqvist & 

Busby, 2012; Brosig-Koch et al., 2017; Kralj & Kantarevic, 2013). This motivation 

for improving care access may not be as explicit in FFS where physicians can be 

indifferent towards the number of patients they have—especially since the unit of 

payment is the service and not a person. While physicians remunerated by FFS can 

bill a single patient for numerous services, their capitated counterparts receive a fixed 

income per patient per unit of time. Arguably, capitated physicians would be more 

incentivized to provide better care quality to their patients than their FFS counterparts 

so as to retain patients; unlike in capitation, disenrollment of a patient does not 

necessarily translate to financial loss in FFS (Blomqvist & Busby, 2012; Kralj & 

Kantarevic, 2013). A disadvantage of the capitation system is that inadequate case-

mix adjustment can result in under-provision of services or over-payment. For 

instance, many capitated physicians with very sick patients can be underpaid for their 

services, which, in turn, can incentivize them to offload their care to specialists 

(Berenson & Rich, 2010; Sarma et al., 2018); capitation can also incentivize 

physicians to select low-risk (i.e., healthy) patients, a phenomenon known as ‘cream-

skimming’. 

Primary care reform 

Care gaps in the pre-reform system of primary care were noted by many 

including Commissioner Roy J. Romanow, and The Honourable Michael J. L. Kirby 

(The Standing Senate Committee on Social Affairs Science and Technology, 2002; 
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Romanow, 2002). In October 2002, Kirby stated that the poor management of 

patients’ information, weak emphasis on both health promotion and preventive care 

can partly be attributed to the fact that primary care physicians practice in solo and 

under fee-for-service remuneration. Kirby recommended that primary care physicians 

should practice in groups rather than in solo, and that patients should be formally 

enrolled to physicians. Romanow emphasized the need for a focus on the evidence-

based quality aspect of care ranging from the determination of quality indicators to 

the evaluation of care quality. Many of the recommendations of the Kirby and 

Romanow reports have been implemented in Ontario through the introduction of new 

primary care models.  

In the early 2000s, most PCPs in Ontario were remunerated through FFS with 

the exception of a small number of family physicians who practiced in Community 

Health Centres (CHCs), Health Service Organizations (HSOs) and pilot Primary Care 

Networks (PCNs) that were experimented in 1999; physicians in HSOs and PCNs 

were paid through capitation, while PCPs in CHCs were remunerated through salary 

(Henry et al., 2012). In 1996, both the Ontario Medical Association (OMA) and the 

Ministry of Health and Long-term Care (MOHLTC) announced their collaboration to 

reform primary care.   

A key feature of these reformed models is the blended payment system for 

primary care physicians whereby revenue is based on a composite of various forms of 

remuneration—with one form being dominant. For instance, in blended FFS (also 

known as enhanced FFS), the majority of income is through FFS, while minor sources 

of revenue come from financial incentives such as bonuses and premiums. The 

primary aim of the reform was to improve access to and quality of primary care in 

Ontario; reforming physicians’ remuneration mechanism to blended payment was key 
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in the provincial government’s initiative for improving access and quality (Sweetman 

& Buckley, 2014). The post-reform models of primary care delivery are not only 

characterized by physicians’ reformed payment scheme but are also known for having 

other features including patient rostering, the formal procedure whereby a patient is 

officially enrolled to a physician. The main post-reform models for primary care 

physicians include the Family Health Network (FHN), Family Health Group (FHG), 

Comprehensive Care Model (CCM) and Family Health Organization (FHO) 

(Sweetman & Buckley, 2014). 

The FHN was introduced in April 2002; this model requires at least three 

physicians, and the remuneration mechanism for family physicians in a FHN is 

blended capitation. For their enrolled patients, physicians in this model receive 

capitation and FFS payments for capitated and non-capitated services, respectively. 

While there is no enrollment limit, the per-patient capitation payments are reduced by 

50% for each patient enrolled above an average of 2,400 patients per physician in the 

group. The annual capitation rate, which is age and sex adjusted, had an average base 

rate of $126.48 in 2014 (Sweetman & Buckley, 2014). 

In July 2003, the provincial government introduced the FHG, whereby family 

physicians’ remuneration mechanism is blended FFS, and this model also requires a 

minimum of three physicians. Under the FHG model, physicians receive 100% FFS 

payments, in addition to incentives and bonuses. While patient enrollment is optional 

in FHG, it is encouraged as physicians can be entitled to some incentives for enrolled 

patients; thus, formal patient enrollment encourages family physicians to meet certain 

targets for patients (Sweetman & Buckley, 2014). 

The CCM model was introduced in October 2005 and features of this model 

are identical to the FHG with an exception of the minimum number of physicians 
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being one in a CCM. The CCM was designed for family physicians who wanted to 

maintain solo practice and still be a under a payment model with features of a FHG 

(Sweetman & Buckley, 2014). 

The FHO model was introduced in November 2006 and, like the FHG model, 

a FHO requires a minimum of three family physicians. The remuneration scheme in a 

FHO is blended capitation; like in a FHN, capitation payment per patient is reduced 

by approximately half for each patient enrolled above an average of 2,400 patients per 

physician in the group . In FHOs, the capitation payments per patient are age-and-sex-

adjusted, with an average base rate at $139.12 in 2014 for a slightly larger basket of 

services than in FHN (Sweetman & Buckley, 2014). 

These four post-reform primary care models give family physicians incentives 

for providing after-hours care and preventive medical services; for instance, family 

physicians in CCM, FHG, FHN and FHO can receive the ‘Colorectal Screening 

Bonus (Q150)’ if they screen eligible enrolled patients aged between 50 and 74 years 

for colorectal cancer (Ontario Medical Association, 2015).  

Many family physicians in Family Health Groups switched to Family Health 

Organizations—a major transition of PCPs between primary care models; in Ontario, 

majority of PCPs now practice in either a FHG or FHO (Kralj & Kantarevic, 2013; 

Office of the Auditor General of Ontario, 2018). The main difference between these 

two primary care delivery models is that FFS and capitation is the dominant mode of 

remuneration in FHGs and FHOs, respectively (Sweetman & Buckley, 2014). The 

remuneration package of these two models constitutes identical pay-for-performance 

(P4P) schemes; such schemes can be defined as financial rewards for physicians’ 

provision of evidence-based care (e.g., prescription of antihypertensive medication for 

persons diagnosed with high blood pressure) and/or meeting of health outcomes (e.g., 
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lowered blood pressure for patients with hypertension) (Milstein & Schreyoegg, 

2016). More description of the FHG and FHO models are provided in Table 1 

(Goldblatt et al., 2018; Government of Ontario, 2014; McLeod et al., 2016; Ministry 

of Health and Long-Term Care, 2007, 2011; Ministry of Health and Long-Term Care 

Primary Health Care Team, 2008; Ministry of Health and Long Term Care, 2013; 

Sweetman & Buckley, 2014). 

When the FHG and FHO models were introduced, the Ontario MOHLTC 

designed contracts that detailed the entire remuneration structure of PCPs in the 

respective models. With the passage of time, the FHG and FHO remuneration 

schemes were slightly modified from the original contracts and information on such 

modifications are available in several bulletins from the Ontario MOHLTC. 

1.3 Quality of care 

 As mentioned earlier, a major aim of Ontario’s primary care reform was to 

improve the quality of first-contact care. Donabedian explained that care quality is a 

nonunitary concept as it can be defined from multiple perspectives (Donabedian, 

1988, 2002). For example, patients’ and physicians’ conceptualization for quality of 

care can be distinct: a clinician’s operationalization of care quality may correspond to 

adherence to evidence-based recommendation—while that of a patient may 

correspond to interpersonal communication (Donabedian, 1988; Haggerty, 2011). In 

spite of care quality being a nonunitary phenomenon, Donabedian (1988) explained 

that inferences about quality of care can be drawn from three metrics, namely, 

structure, process and outcome measures.  

Structure refers to infrastructural features in which care is occurring, and such 

features include resources such as ‘size of medical staff’, and ‘possession of advanced 

diagnostic and curative technologies’. Process represents the undertaking of a clinical 
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action that is expected to produce beneficial outcomes in patients’ health; a classic 

exemplar of process is the prescription of a drug whose use has been shown to result 

in favourable outcomes. Finally, an outcome measure refers to an end result of care 

and relates to some aspect of health (e.g., ‘mortality risk’ and ‘quality of life’). The 

use of the Donabedian’s structure-process-outcome framework is widely used in the 

health services literature. According to this framework, improving structure is 

expected to result in better processes of care which, in turn, is expected to culminate 

in better health outcomes (Ameh et al., 2017; Donabedian, 1988; Moore et al., 2015). 

As per Donabedian’s framework, participating in a care process is ideally 

expected to have a significant impact on outcome. For instance, the (prophylactic) 

prescription of angiotensin converting enzyme inhibitors (ACEIs) or angiotensin II 

receptor blockers (ARBs) classes of drugs for persons with diabetes mellitus is 

exemplary of an ideal process measure as randomized, placebo-controlled trials have 

shown that use of either ACEIs or ARBs is significantly associated with a delay in 

nephropathy progression in persons with diabetes (Diabetes Canada Clinical Practice 

Guidelines Expert Committee, 2018; Lewis et al., 2001; Ravid et al., 1993).  

While many studies use elements Donabedian’s framework (i.e., structure, 

process or outcome measures) for evaluating quality of care, studies’ 

operationalization of quality is often with limitations (Kiran et al., 2014; To et al., 

2015). For example, in Kiran et al.’s (2014) comparison of diabetes care quality 

between various physician payment models, one of the quality indicators—as per care 

processes—corresponded to proportion of patients who received lipid assessment at 

least once annually.  Under this binary definition, physicians who assessed patients’ 

lipid profile more frequently (e.g., four or five times) are not distinguished from those 

who tested just twice. Though being diagnosed with diabetes was common to all 
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patients in Kiran et al.’s (2014) study, the specific needs of each patient is likely to 

vary: some patients may have an indication for lipid assessment at least four times 

annually (Diabetes Canada Clinical Practice Guidelines Expert Committee, 2018). 

Donabedian (2002) alluded to such limitations when defining of quality indicators; 

therefore, it is important that researchers be cognizant of such. 

1.4 Overall thesis objective 

 The transition of Ontario’s family physicians from Family Health Groups to 

Family Health Organizations represents a major switch of family physicians between 

primary care models (Kralj & Kantarevic, 2013). Therefore, Ontario’s natural 

experiment provides a unique opportunity to understand the behaviour of physicians 

in FFS- and capitation-based models in terms of the provision of various processes of 

care and resulting health outcomes. There are theoretical and empirical explanations 

on how physician behaviour can be impacted by FFS or capitation. Using an 

experimental economics approach, Hennig-Schmidt, Selten, & Wiesen (2011) found 

that FFS reinforces overprovision of healthcare services, while capitation reinforces 

underprovision of healthcare services. Furthermore, FFS and capitation have their 

unique strengths with regards to improving quality of care (Hennig-Schmidt et al., 

2011); it is argued that FFS leads to better access to care, while capitation leads to 

better continuity of care (Brosig-Koch et al., 2017; Gosden et al., 2001; Kralj & 

Kantarevic, 2013; Li et al., 2014). A capitation-based payment system is hypothesized 

to improve quality of care and population health in the context of Ontario for two 

important reasons. Firstly, capitation incentivizes optimal patient enrollment because 

in the FHO model, a PCP’s capitation payment is reduced by 50% for every enrolled  

patient above a roster size of 2,400 per physician in the group. Furthermore, the FHO 

incentivizes the increase in access to care for the enrolled patient population because 
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PCPs in the FHO model are exclusively entitled to an “access bonus”, which is a 

financial incentive for providing in-basket services to rostered patients. The incentive 

for increasing access to comprehensive care is not as pronounced in blended FFS 

compared to blended capitation; a FFS physician could be indifferent to the number of 

patients they enroll if they can still bill for many services from fewer patients 

(Blomqvist & Busby, 2012; Brosig-Koch et al., 2017). Secondly, capitation 

incentivizes the retention of enrolled patients by keeping them as healthy as possible; 

one way to achieve this could be adhering to the provision of preventive care services 

as well as process measures that are pertinent to better disease management 

(Blomqvist & Busby, 2012; Brosig-Koch et al., 2017).  

The aforementioned reasons serve as the rationale for empirically 

investigating whether patients receive better care from PCPs practicing in FHOs 

compared to PCPs who remained in FHGs. The main objective of the thesis was to 

compare the impact of physician remuneration mechanisms, namely, blended FFS and 

blended capitation, on quality of care in chronic disease management and patients’ 

health outcomes (estimate of mortality risk, and avoidable hospitalizations). Three 

separate studies were conducted to achieve this objective. The first study (Chapter 3) 

investigated the impact of physicians’ switch from blended FFS to blended capitation 

on processes of care and health outcomes (estimate of mortality risk, and avoidable 

hospitalizations) for persons with diabetes mellitus. The second study (Chapter 4) 

investigated the impact of the switch from blended FFS to blended capitation on 

provision of post-discharge follow-up care and health outcomes for persons with 

CHF. The third study (Chapter 5) investigated whether blended capitation—compared 

to blended FFS—is associated with better CKD care quality as per CKD process 

measures and patients’ estimate of mortality risk. For all three studies, we 
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hypothesized that care provision is better under blended capitation than in under 

blended FFS.  

Relevant information regarding the pathophysiology of diabetes mellitus, 

congestive heart failure and chronic kidney disease are briefly provided in the Chapter 

7 (Supplementary Material for Introduction Chapter). The next chapter presents 

findings of the literature on the association between physicians’ remuneration 

mechanism and care quality of the three chronic conditions. 
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Table 1 Family Health Group and Family Health Organization models. 

Model Family Health Group  Family Health Organization  

Period introduced July 2003 November 2006 

Minimum group size 3 3 

Remuneration structure and features • Income is primarily through fee-for-

service. 

• Care is physician-led; members of a 

FHG can included a limited number 

of non-physicians (i.e., limited 

interprofessional involvement). 

• While patient enrolment is not 

required, certain types of payments 

can only be received for rostered 

patients. 

• Physicians are entitled to the 

‘comprehensive care premium’, 

whereby they receive 10% premium 

for a repertoire of services provided 

to enrolled patients. 

• Physicians are eligible to bill new 

patient fee code, Q013A, for 

rostering up to 60 new patients. 

• Physicians in this payment model 

are eligible to claim pay-for-

performance incentives such as the 

• Income is primarily through capitation for 

capitated services provided to enrolled patients 

(therefore patient enrolment is required to 

receive income). 

• Care is physician-led; like in FHGs, 

interprofessional involvement is limited—

except physicians who are part of a Family 

Health Team.  

• The capitation payments are age-and-sex-

adjusted. For the 2014 fiscal year, the 

capitation rate, on average, was $139.12; 

however, this rate is reduced by 50% for every 

rostered patient above a roster size of 2,400 per 

physician in the group. 

• Physicians are entitled to “shadow billing 

premium” for capitated services provided to 

rostered patients.  As per this premium, 

physicians are remunerated 15% of the fee-for-

service value of the capitated services. 

• Fee-for-service payments are received for: 

non-enrolled patients and non-capitated 
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‘Diabetes Management Incentive 

(Q040A)’, ‘Heart Failure 

Management Incentive (Q050A)’ 

and ‘Smoking Cessation 

Counselling premium (Q042)’.     

 

 

services. However, these payments are capped 

at a certain amount; for instance, in the 2014 

fiscal year, payments were capped at $52,883. 

• Physicians are entitled to “access bonus” 

whereby physicians are remunerated 18.59% 

of all capitation payment twice a year. Access 

bonus is slightly higher for patients in long-

term care. 

• Physicians are entitled to new patient fee 

(Q013A) just like FHGs. 

• Unlike in the FHG model, physicians under 

this model are not eligible for the 

comprehensive care premium. 

• Unlike in the FHG model, physicians in this 

model receive financial reward for completing 

continuing medical education (through 

seminars and conferences) (Q555). Hence the 

Q555 incentive can be said to motivate 

physicians to be current with the medical 

literature. 

• Physicians are entitled to P4P incentives (such 

as Q040A, Q042, and Q050A) just like in 

FHG; see column for FHG for more details on 

these. 
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Provision of after-hours care (Each 

physician is required to cover one 3-

hour session of after-hours care per 

week. Longer duration of blocks is to 

be covered by larger number of 

physicians. For example, groups of 10 

to 19 physicians are to provide a total 

number of 7 after-hours blocks, while 

groups of 30 to 74 physicians are to 

provide a total number of 10 after-

hours blocks; physicians are entitled to 

the after-hours premium (Q012A).) 

• Mandatory.  • Mandatory. 

Note:  after-hours care refers to care that (1) starts any time between 5 and 7 pm on Monday to Thursday, (2) statutory holidays, and (3) 

weekends. 

Sources: Goldblatt et al., 2018; Government of Ontario, 2014; McLeod et al., 2016; Ministry of Health and Long-Term Care, 2007, 2011; 

Ministry of Health and Long-Term Care Primary Health Care Team, 2008; Ministry of Health and Long-Term Care, 2013; Sweetman & 

Buckley, 2014 
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Chapter 2 

2 Literature review: The relationship between physicians’ payment model and 

care quality for diabetes mellitus, congestive heart failure and chronic kidney 

disease 

2.1 The salience of physicians’ remuneration mechanism in quality of 

primary care services 

The objective of this thesis is to investigate the quality of care for diabetes 

mellitus, chronic kidney disease (CKD), and congestive heart failure (CHF) in Ontario’s 

Family Health Group and Family Health Organization primary care models. Investigating 

the impact of remuneration models on care quality is a topic of great relevance for many 

reasons.  

Firstly, the provincial government partly relied on restructuring family 

physicians’ mode of remuneration to improve access to and quality of care for residents 

of Ontario. For instance, various P4P schemes in the post-reform blended payment 

models, including FHGs and FHOs, were designed to incentivize family physicians to 

meet health targets, improve preventive care services and provide care during after-hours 

such as on weekends, statutory holidays and after 5 PM on weekdays (Sweetman & 

Buckley, 2014). 

Secondly, a lot of financial resources have been invested to sustain these post-

reform payment models; for example, in the 2007/08 fiscal year, family physicians in the 

post-reform blended remuneration models received 25% more payment than their 

counterparts in pure FFS (Office of the Auditor General of Ontario, 2011). Furthermore, 
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in the 2012/13 fiscal year, $4.2 billion was paid to Ontario’s PCPs, and $3.4 billion (i.e., 

approximately 80%) of this payment was made to family physicians in blended payment 

models (Office of the Auditor General of Ontario, 2013). To date, most of Ontario’s 

primary care physicians practice either in a FHG or FHO; by September 1st 2017, 58% 

and 29% of family physicians in the province were in FHOs and FHGs, respectively 

(personal communication with Ontario Ministry of Health and Long-term Care).  

Thirdly, there is mixed evidence regarding whether there is an association 

between physicians’ payment scheme and quality of care provided (Jaakkimainen et al., 

2011; Kiran et al., 2014). While some studies find that family physicians under a 

capitation-based scheme provide better care than their counterparts in a FFS-based 

system, other studies found no association or the converse. For example, a study by 

Jaakimainen, Barnsley, Klein-Geltink, Kopp, & Glazier, (2011) reported that physicians 

in blended FFS and blended capitation were not different in their adherence to process 

measures for diabetes, while the study by Kiran, Victor, Kopp, Shah, & Glazier, (2014) 

found that physicians in blended capitation adhered more to diabetes process measures 

compared to those in blended FFS.  

Lastly, studying the relationship between physicians’ remuneration mechanism 

and care quality for diabetes, congestive heart failure and chronic kidney disease is 

relevant; each of the three poses an economic burden to healthcare, and negatively 

impacts millions of individuals globally.  

Diabetes affects at least 462 million people worldwide (Khan et al., 2020); in 

Canada, the number of individuals diagnosed with this metabolic disorder has increased 
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by more than twice since 2000 and, in 2015, 8.9% of the Canadian population (i.e., 3.34 

million Canadians) was diagnosed with diabetes (Diabetes Canada, 2015, 2016; World 

Health Organization, 2017). The mortality and morbidity associated with diabetes 

mellitus is costly to healthcare systems worldwide (Zhang et al., 2010); long-term 

consequences of this condition include foot ulcers, vision loss, depression, myocardial 

infraction, end-stage renal disease, lower limb amputation, and stroke (George et al., 

2014; Government of Canada, 2011; Naslafkih & Sestier, 2003). Through joint efforts 

with the Centre for Spatial Economics and Informetrica Limited  (Diabetes Canada, 

2009a), Diabetes Canada produced a report on costs (in 2009 Canadian dollars) 

associated with diabetes, in each of the Canadian provinces—including Ontario (Diabetes 

Canada, 2009b). According to this report, diabetes mellitus costed Ontario approximately 

4.9 billion dollars in 2010, and the projected cost for 2020 is approximately 7 billion 

dollars (Diabetes Canada, 2009b); hospitalizations and long-term disability each 

accounted for a substantial amount of the costs; for example, the cost estimates of long-

term disability for 2000, 2010 and 2020 were 463, 998 and 1,495 million dollars 

respectively (Diabetes Canada, 2009b).  

Congestive heart failure affects approximately 26 million people worldwide 

(Savarese & Lund, 2017); furthermore, this condition is a leading cause of hospitalization 

in Canada (Yeung et al., 2012). While Ontario may have witnessed a relative decline in 

the rate of CHF-related hospitalizations, this chronic illness remains a major source of 

economic burden (Tran et al., 2016; Wijeysundera et al., 2010). Tran et al., (2016) 

performed a cost-analysis (in 2014 Canadian dollars) to determine the annual per patient 
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hospital admission cost for CHF between the 2004 and 2013 fiscal years in Canada; 

admission costs increased from $9,700 in 2004 to $11,000 per patient in 2013. The 

authors projected that the cost of a person with CHF admitted to hospital would be 

$14,000 per patient by 2030. Using provincial-level administrative databases, 

Wijeysundera et al. (2010) performed a cost-effectiveness analysis (CEA) study that 

compared the cost of CHF care in two settings, namely, the standard care setting (defined 

as care provided by a single practitioner) and the CHF clinic setting (defined as care 

provided with at least one physician, or nurse, with specialized training in CHF care). 

This CEA used the perspective of the Ontario Ministry of Health and Long-term Care, 

and the time horizon was 12 years. The cumulative lifetime discounted cost of CHF care 

in the standard care and CHF clinic settings were $53,638 and $66,532 per patient, 

respectively; CHF clinics costed $18,259 for each additional life-year gained; all cost 

estimates were in 2008 Canadian dollars. 

Approximately 700 million individuals are affected by chronic kidney disease 

globally (Bikbov et al., 2020); in Canada, this condition affects at least 4 million 

individuals (Bello et al., 2019b). The economic burden posed by chronic kidney disease 

stems from the fact that the condition affects many persons of working age; an 

individual’s income loss consequently translates to decreasing tax revenue. Persons 

diagnosed with CKD receive disability payments from the government and/or private 

insurers. Disability insurance costs for Canadians with advanced kidney failure is over 

$200 million per annum in Canada with at least 70% of the cost being incurred by private 

insurance (Manns et al., 2017). In 2015, $580 million was spent on kidney dialysis 
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services in Ontario alone (Ontario Renal Network, 2016). Chronic kidney disease can 

progress to end stage renal disease (ESRD) or renal failure; persons with ESRD require 

kidney transplant or dialysis to remain alive (Molony & Craig, 2009). Hence, 

management of CKD is beneficial as it can delay progression to ESRD. 

In studies that investigated the relationship between physicians’ mode of 

remuneration and quality of care metrics known as ‘process measures’ are often used to 

compare care quality. As mentioned previously, delivery of a care process is expected to 

result in an improvement in outcome. For example, a physician who prescribes ACEIs or 

ARBs to a persons with diabetes is said to provide better care quality than their 

counterpart who doesn’t because randomized controlled trials have shown that use of 

ACEIs or ARBs significantly delays progression of nephropathy in this patient 

population (Lewis et al., 2001; Ravid et al., 1993). There are clinical actions for which 

the evidence to support an association with an improvement in health is absent, and 

Donabedian (1988) stated that such clinical undertakings can still be deemed process 

measures only if opinions from well-informed, authoritative entities endorse such clinical 

behaviours as measures of care process. While counselling persons with diabetes on self-

management is considered a process measure merely on expert opinion (American 

Diabetes Association, 2018), a clinician who delivers this care process is said to provide 

better quality than their counterpart who doesn’t  because counselling is likely to 

indirectly result in better health outcomes for the patient.  

Process measures relevant to the primary care management of diabetes mellitus 

include testing of glycated hemoglobin (HbA1c), eye examination, lipid assessment, 
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statin prescription, measurement of blood pressure and nephropathy screening; these care 

processes are also congruent with clinical guidelines of Diabetes Canada. Many of the 

process measures relevant to the primary care management of congestive heart failure are 

drug-based, and these care processes are congruent with the Canadian Cardiovascular 

Society (CCS) clinical guidelines (Ezekowitz et al., 2017). Process measures relevant to 

the primary care management of chronic kidney disease include: testing of serum 

creatinine and urine albumin-to-creatinine ratio (ACR), and prescription of  ACEIs (or 

ARBs) and statins (Tu et al., 2017); these quality indicators are congruent with clinical 

guidelines of the Canadian Society of Nephrology (Levin et al., 2008). Relevant literature 

on the process-outcome link for process measures related to the primary care 

management of diabetes, congestive heart failure and chronic kidney disease is presented 

in the Appendix at the end of this chapter. 

The various measures for outcome of care include mortality risk and avoidable 

hospitalizations (Ansari, 2007; Parchman & Culler, 1994; Starfield et al., 2005). 

Mortality risk score (MRS) is an estimate of an individual’s all-cause risk of death within 

one year as per an algorithm by Austin and Walraven (2011). An avoidable 

hospitalization refers to hospitalization due to an ambulatory care sensitive conditions 

which are conditions for which “timely and effective outpatient care can help to reduce 

the risks of hospitalization by either preventing the onset of an illness or condition, 

controlling an acute episodic illness or condition, or managing a chronic disease or 

condition”(p.163)(Billings et al., 1993).  
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In general, a physician’s remuneration package is often defined by the mode of 

payment (e.g., fee-for-service, capitation or salary) and/or the presence of financial 

incentives such as P4P schemes (Sweetman & Buckley, 2014). Such schemes were 

designed to improve care in many ways; for one, it standardizes clinical practice by 

motivating physicians to adhere to the same evidence-based care processes (Christianson 

et al., 2006). For another, it aims to reduce care gaps; according to the literature, actual 

levels of physicians’ adherence to evidence-based care processes are well below ideal 

(Khadilkar et al., 2014; Ornstein & Jenkins, 1999; Shah et al., 2009; Shubrook et al., 

2010). For instance, a national registry in the United States found that: of the 603,014 

patients with CHF who were eligible for prescription of mineralocorticoid receptor 

antagonists (MRA) drugs, only 36.1% of them received MRAs (Zannad et al., 2012). 

Similarly, results from the study by Oude Wesselink et al. (2015) support that there are 

care gaps in management of chronic conditions. Using data on persons diagnosed with 

diabetes mellitus from 18 primary care groups in Netherlands, this study found that the 

adherence level greatly varied for different process measures: 91% (interquartile range 

(IQR): 85% - 100%) of patients received annual HbA1c testing, 28% (IQR: 10% - 43%), 

and 33% (IQR):12% - 49%) received annual eye and foot examination, respectively 

(Oude Wesselink et al., 2015). The Guideline Adherence to Enhance Care (GUIDANCE) 

study by Stone et al., (2013) had similar findings as Oude Wesselink et al. (2015). Stone 

et al., (2013) assessed adherence levels for diabetes in primary and specialist care across 

eight European countries, namely, Belgium, France, Germany, Ireland, Italy, the 

Netherlands, Sweden and the United Kingdom and found that adherence level varied 
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across process indicators: the adherence level of  HbA1c testing was 97.6% (95% 

confidence interval (CI): 97.3% - 98.0%), while that of ACR assessment was 59.4% 

(95% CI: 58.3% - 60.5%) (Stone et al., 2013). Likewise, Khadilkar, Whitehead, Taljaard, 

& Manuel (2014) evaluated the adherence level of diabetes process measures for 

members of the Canadian Forces and found that adherence level of annual foot 

examination was 15.9% (95% CI: 12.3% -19.5%), while that of HbA1c testing was 75.3% 

(95% CI: 71.0% - 79.5%).  

The remainder of this chapter presents findings from the literature related to the 

relationship between physicians’ remuneration and care quality insofar as management of 

diabetes mellitus, congestive heart failure and chronic kidney are concerned. 

 Pay-for-performance incentives and care quality 

The existing literature has mixed evidence regarding the impact of P4P programs 

on care quality; while some studies found that the introduction of such incentives were 

associated with an improvement in care quality, others found no such association. 

Ryan, Krinsky, Kontopantelis, & Doran, (2016) examined the impact of the 

Quality and Outcomes Framework (QOF) on mortality reduction in the United Kingdom 

(UK) population. The QOF is the largest primary care P4P program in the world, and was 

introduced to UK’s primary care in 2004 (Pandya et al., 2018; Ryan et al., 2016). An aim 

of this P4P incentive is to improve quality of care management for specific health 

conditions including diabetes mellitus and chronic kidney disease. Using data between 

1994 and 2010, Ryan et al.  examined whether reduction in sex-adjusted and age-adjusted 

mortality per 100,000 ensued after the QOF was introduced—and mortality was due to a 
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composite of health conditions targeted by the QOF (Ryan et al., 2016). The authors 

created a ‘synthetic control group consisting of 27 nations, which correspond to the UK 

population without the introduction of the QOF. The authors’ post-intervention period 

was 2004 – 2010 inclusive (i.e., 7 years after the introduction of QOF), and 1994 – 2003 

served as the pre-intervention period. Using a difference-in-differences (DID) analysis, 

Ryan et al. (2016) found that the reduction in mortality that was observed was not 

statistically significant, and therefore concluded that introduction of this P4P scheme was 

not associated with reduction in population mortality due to the targeted conditions. 

O’Connor et al. (2020) found that improvement in diabetes care in the Republic of 

Ireland followed the introduction of the cycle of care (COC) program, a P4P scheme 

designed exclusively for the management of diabetes mellitus. Under the COC, general 

practitioners receive €30 for each registered patient, and are remunerated €100 per caput 

annually for two patient visits (O’Connor et al., 2020). This financial incentive was 

introduced to Ireland’s primary care on October 2015; the authors used the years 2014 

and 2017 as the pre-COC and post-COC periods, respectively; and data from these 

periods were obtained for 3,146 persons with type 2 diabetes. Results showed that rates 

of testing for HbA1c, total cholesterol, creatinine, ACR ratio, and blood pressure 

increased by 45%, 40%, 71%, 32%, and 37%, respectively. Moreover, the 2017 post-

COC rates of these diabetes care process were comparable to those in the 2015-2016 

United Kingdom National Diabetes Audit (UKNAD) post QOF. For instance, 95% of 

persons with diabetes in the UK received HbA1c testing, and 98% of the patients in the 

study by O’Connor et al. (2020) received this process measure.  
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Numerous studies have investigated the effect of the Hospital Readmissions 

Reduction Program (HRRP), a P4P program that was set up by the Centres for Medicare 

and Medicaid Services (CMS) in 2010 (Fischer et al., 2015; Wadhera et al., 2019). The 

CMS is under the US Department of Health and Human Services, and oversees Medicare 

and Medicaid—where the two are government-run programs that provide healthcare 

coverage for American residents (Galan, 2020). The HRRP applies financial penalties to 

hospitals with unexpectedly high rates of 30-day all-cause readmission after 

hospitalization for specific conditions such as congestive heart failure, acute myocardial 

infarction and pneumonia (Fischer et al., 2015; Wadhera et al., 2019). Though the HRRP 

was announced in March 2010, it was implemented as of October 2012 (Desai et al., 

2016); a hospital is subject to the financial penalty only when its 30-day all-cause 

readmission rates surpasses those of the nation, on average (Boccuti & Casillas, 2015); 

patient demographics such as illness severity are accounted for when comparing hospital 

readmission rates with national average estimates. 

Using interrupted time series analyses on US-wide data, Desai et al. (2016) 

investigated whether a reduction in the 30-day all-cause readmission rate—after 

discharge from CHF-related hospitalizations—ensued between April 2010 and September 

2012 (i.e., the time period between HRRP announcement and its implementation). The 

authors compared this rate between 2,214 and 1,108 hospitals that were and were not 

subject to the HRRP, respectively. Desai et al. (2016) found that the rate was 

significantly (p<0.001) lower for hospitals subjected to the HRRP (Difference in 

annualized rate of change= -1.25 %). However, this finding contrasts with conclusions of 
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Mellor et al. (2017) who investigated the effect of the HRRP in hospitals across Virginia 

state (Mellor et al., 2017). Using data from the years 2008, 2009, 2012, 2013 and 2014, 

Mellor et al. (2017) found that the HRRP did not lower the risk of 30-day readmissions 

after CHF-related discharges. This finding is congruent with results from the study by 

McGarry et al. (2016) who evaluated the effect the HRRP in hospitals across New York 

state in two post-HRRP periods; the first period was from the 4th quarter (i.e., between 

October and December inclusive) of 2011 to the 4th quarter of 2012, while second period 

was from the 1st quarter of 2013 to November 2013. The authors used DID analyses on 

2008 to 2013 data, and their main outcome of interest was 30-day readmission rates after 

discharges related to CHF, acute myocardial infraction and pneumonia (McGarry et al., 

2016). McGarry et al. (2016) found that, compared to a pre-HRRP period, there was no 

change in the readmission rates in the first period, nor in the second period.  

Findings from other international studies, such as the one by Lalloué et al. (2017), 

have also contributed to the mixed body of evidence. The authors evaluated the effect a 

P4P program for all acute care hospitals across France, namely, the Financial Incentive to 

Quality Improvement (‘Incitation financière à l’amélioration de la qualité’ (IFAQ)). The 

goal of IFAQ is to improve hospitals’ management of various conditions including renal 

failure and acute stroke (Eckhardt et al., 2019). Under this program, only the top 20% of 

healthcare providers with highest care performance are financially rewarded, and the 

remuneration ranges between €15,000 and €500,000 (Eckhardt et al., 2019). Though 

IFAQ was implemented in 2016, it was experimentally introduced in 2012; the work of 

Lalloué et al. (2017) was a pilot study investigating the program’s impact in its 
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experimental phase. The authors used 2009 to 2011 as the pre-intervention period; 2011 

to 2013 represented the intervention period. In Lalloué et al. (2017), the treated and 

control groups corresponded to the 185 and 192 hospitals that did and did not receive 

IFAQ. The outcome was a weighted composite score of quality indicators—where higher 

scores indicate better quality. Using  a DID analysis, the authors found that introduction 

of IFAQ did not impact quality (Lalloué et al., 2017). 

 As mentioned earlier, chronic kidney disease management is important as it 

delays the condition’s progression to ESRD; as mentioned earlier, kidney transplantation 

or dialysis is essential for persons with ESRD to remain alive (Molony & Craig, 2009). 

The Taiwan National Health Insurance (TNHI), which is Taiwan’s mandatory, single-

payer health insurance system that covers 99% of the country’s residents, launched the 

pre-ESRD P4P program in 2006 (Hsieh et al., 2017). The TNHI developed this program 

to reduce the incidence of ESRD by improving quality of CKD care (hence the term ‘pre-

ESRD’). A feature of this P4P program is that a multidisciplinary team of healthcare 

providers enrol persons with CKD who voluntarily chose to be enrolled for pre-ESRD 

care; such teams are entitled to be remunerated an equivalent of US$40 for a patient’s 

initial enrollment visit; an equivalent of US$20 is rewarded for each follow-up visit with 

a patient. Furthermore, financial rewards are provided for attainment of targeted health 

outcomes; for instance, a bonus payment is received if enrollees’ estimated glomerular 

filtration rate (eGFR) is lowered to below 4 mL/min/1.73 m2  within one year after 

enrolment to pre-ESRD program (Lin et al., 2018). Using retrospective cohort design, Lin 

et al. (2018) examined the impact of the pre-ESRD P4P program on quality of CKD care 
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and mortality. Subjects were patients who initiated dialysis between 2007 and 2009 and 

eventually received dialysis for over three months; the P4P group constituted the 

subpopulation of subjects enrolled in the pre-ESRD P4P program, while non-enrolees 

corresponded to the non P4P group. Lin et al. (2018) found that the pre-ESRD P4P 

program improved CKD care quality. In one year prior to dialysis, the frequency of 

patients’ eGFR measurement was significantly higher (p<0.001) in the P4P group 

(median=8, IQR: 5 – 12) than in the non-P4P group (median=5, IQR: 2 – 9). The authors 

also found that, enrolees had a significantly lower 3-year mortality risk post-dialysis than 

their counterparts who were not under the pre-ESRD program (Hazard Ratio (HR)=0.77, 

95%CI: 0.73 – 0.82) (Lin et al., 2018). 

 While CKD was not initially among the targeted conditions of UK’s QOF, this 

condition was included in this P4P scheme as of April 2006 (Karunaratne et al., 2013). 

Not only is hypertension a major risk factor of CKD, it progresses the condition; and 

ESRD is a consequence of this progression (Karunaratne et al., 2013). The impact of 

QOF renal indicators on care quality for persons with CKD was examined by 

Karunaratne et al. (2013). Given that hypertension is strongly related to CKD, some of 

the QOF renal indicators are: the measurement of blood pressure, and its control through 

effective management (i.e., attainment of 140/185 mmHg or less) (Karunaratne et al., 

2013). In regards to the introduction of UK’s QOF renal indicators, the authors’ pre-

intervention period spanned April 1, 2004 and March 31, 2006; the first and second post-

intervention periods corresponded to April 1, 2006 to March 31, 2008, and April 1, 2008 

to March 31, 2010 (Karunaratne et al., 2013). Karunaratne et al. (2013) concluded that 
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the renal indicators of QOF improved CKD care in the two post intervention periods. For 

instance, average blood pressure dropped from 143/78 mmHg in the pre-intervention 

period to 140/76 mmHg in the first post intervention period (p<0.01) (Karunaratne et al., 

2013). 

Richardson (2013) investigated the effect of the QOF program, on the quality of 

primary care for CKD using two process indicators: blood pressure measurement within 

15 months and prescription of ACEI/ARBs. Using April 2004 to November 2005 as the 

pre-QOF period, the authors found that implementation of QOF was  associated with a 

2.7 percentage point increase (p<0.001) in practices’ adherence to the CKD process 

indicators (Richardson, 2013). 

Mode of payment and quality of care 

While there is a plethora of studies on P4P schemes and care quality, far fewer 

ones specifically evaluate the impact of mode of payment (e.g., FFS and capitation) on 

physician’s quality of care. Some studies found that quality of care under FFS- and 

capitation-based payments is different, while others found that care quality under the two 

is same. 

A cross-sectional analyses by Kiran, Victor, Kopp, Shah, & Glazier (2014) found 

that the odds of an individual with diabetes receiving HbA1c testing, lipid measurement, 

and eye examination in Ontario was significantly higher in blended capitation than in 

blended fee-for-service (Odds Ratio (OR) =1.18, 95% CI :1.09 – 1.27). On the other 

hand, Jaakkimainen et al. (2011) in their cross-sectional study found that physicians in 

blended capitation and blended FFS were not significantly different in terms of their 
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adherence to process measures for diabetes. The varying conclusions could be due to the 

two studies using different time periods (Jaakkimainen et al., 2011; Kiran et al., 2014). 

For instance, the observation period used by Jaakkimainen et al. (2011) spanned 2004 to 

2007, while Kiran et al. (2014) used 2006 to 2008 data. Furthermore, payment type was 

defined differently between the two studies; blended capitation constituted solely FHNs 

in Jaakkimainen et al. (2011), while Kiran et al. (2014) grouped FHOs and FHNs in their 

definition of blended capitation. 

Physicians under different remuneration mechanisms can respond differently to 

the same financial incentive. The Diabetes Management Incentive (DMI) is a P4P 

scheme that financially rewards physicians for delivering care processes in accordance 

with Diabetes Canada’s clinical guidelines. Using data from 2006 to 2010, Kantarevic & 

Kralj (2013) found that patients enrolled to physicians in Family Health Organizations 

were more likely to receive DMI services by 8.43% (p<0.01), compared to patients 

enrolled to physicians in Family Health Groups; furthermore, physicians in FHOs were 

more likely to participate in the DMI by 11.53% (p<0.01) compared to their counterparts 

in FHGs (Kantarevic & Kralj, 2013).  

The cross-sectional study by Jaakkimainen et al. (2011) compared care processes 

by blended FFS and blended capitation physicians in terms of two CHF quality 

indicators, namely, prescription of ACEIs or ARBs, and receipt of echocardiogram within 

a year of CHF diagnosis. The study found that physicians under these two payment 

schemes were not significantly different in terms of their adherence to these two CHF 

process measures (Jaakkimainen et al., 2011). Using Ontario-specific data from 2005 to 
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2006, cross-sectional analysis by Russell et al. (2009) found that physicians under FFS- 

and capitation-based payment schemes were similar in terms of two CHF care processes, 

namely, prescription of ACEIs or ARBs, and prescription of beta-blockers (Russell et al., 

2009). 

Using a Cox proportional hazards regression, a study found that individuals with 

CHF who received higher rates (defined as 32.4% – 37.9%) of physician follow-up 

within 7 days of discharge, had a lower risk of all-cause 30-day readmission, compared to 

their counterparts who received lower rates (less than 32.4%) of 7-day physician follow-

up (HR=0.85, p<0.001) (Hernandez et al., 2010). Physicians’ follow-up visit, for persons 

with CHF, within four weeks post-discharge is deemed a performance indicator by the 

Canadian Cardiovascular Outcomes Research Team (CCORT) (Lee et al., 2003). 

Furthermore, physician follow-up of patients with CHF within 7 days post-discharge is 

also considered a performance indicator by ‘Health Quality Ontario’  (Health Quality 

Ontario, 2018).  

While quality of CKD care has been described in various jurisdictions (Bello et 

al., 2019a; Eze, 2017; Gao, 2006; Nash et al., 2017), very few studies specifically 

investigated the impact of physicians’ mode of remuneration on quality of CKD 

management (Liddy, Singh, et al., 2011; Richardson, 2013). In a secondary analysis by 

Liddy, Singh, et al. (2011), quality of CKD care was compared across 43, 27 and 12 

Ontarian primary care practices constituted of family physicians in FFS, blended 

capitation and salary remuneration systems, respectively. The data for the secondary 

analyses came from a pragmatic trial named Improved delivery of cardiovascular care 
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(IDOCC), which is an outreach facilitation designed to improve the delivery of evidence-

based care in primary care practices across the eastern part of Ontario. Outreach 

facilitation are educative programs for enhancing healthcare providers’ care performance 

(Liddy, Hogg, et al., 2011). Quantification of eGFR per year was the only CKD quality 

indicator examined, and this study found that there was no difference in the performance 

of this indicator across the three payment systems. For instance, pairwise comparison of 

the blended capitation vs. FFS practices found that the two were statistically similar for 

eGFR measurement (OR=1.2, 95% CI: 0.6-2.3); nonetheless, the adherence level for this 

process indicator was high in all three payment systems. For example, eGFR 

measurement was performed for 1% (415/457), 93% (273/294), and 91% (107/117) of 

patients in FFS, blended capitation and salary practices, respectively (Liddy, Singh, et al., 

2011).  

The body of evidence pertaining to elements of physicians’ remuneration—such 

as P4P schemes or mode of payment (e.g., FFS, and capitation)—and their quality of care 

is inconclusive, and reasons for this mixed literature include different: study designs, 

observation periods, definitions for controls, and jurisdiction of study population. Our 

three studies specifically compare physicians’ payment mode (i.e., blended FFS and 

blended capitation) on several processes of care and outcomes. Given that the FHG and 

FHO models have the same P4P schemes (e.g., the Diabetes Management Incentive and 

the Heart Failure Management Incentive), we argue that our comparisons also examine 

whether impact of P4P schemes varies between a FFS or capitation environment. While 
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the FHG and FHO models have P4P programs for diabetes and CHF care, these patient 

enrollment models have no additional financial incentives for CKD care.  

2.2 Appendix for Literature Review Chapter: Process-outcome link for 

care processes related to management of diabetes mellitus, congestive 

heart failure and chronic kidney disease 

This section presents the detailed literature on the process-outcome relationship 

for processes of care related to the primary care management of diabetes mellitus, 

congestive heart failure and chronic kidney disease. 

Diabetes mellitus 

Glycated hemoglobin (or fructosamine) testing 

Glycated hemoglobin testing has been recognized as the ‘gold standard’ for 

measuring blood glucose concentration averaged over 120 days (Bunn, 1981; Klein et al., 

1987; Malik et al., 2000). While measuring plasma fructosamine is cheaper (and easier) 

than measuring HbA1c, the former just reflects the average blood glucose concentration 

over the preceding two weeks. Using persons with diabetes as cases and persons without 

diabetes as controls, Malik et al. (2000) showed that while fructosamine testing is 

positively correlated with HbA1c testing (Pearson’s correlation coefficient =0.6506, 

p≤0.001), the sensitivity of the former was 29.7% as many patients who had normal 

fructosamine levels, actually had abnormal levels of HbA1c. Thus, Malik et al. (2000) 

concluded that plasma fructosamine testing is a poor substitute for HbA1c testing as it can 

underestimate the proportion of individuals who actually have diabetes.  
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A high HbA1c is a risk factor for developing complications related to diabetes 

(Krishnamurti & Steffes, 2001). For instance, Klein, 1995; Klein, Klein, Moss, & 

Cruickshanks, (1995) showed that, in type 2 diabetes, higher HbA1c levels at baseline 

was significantly associated with a greater increase in 10-year incidence rate of 

retinopathy (p<0.005). In addition, a high baseline level of HbA1c was also significantly 

associated with (1) a greater 10-year incidence rate of proteinuria (p<0.0005), and (2) 

greater risk for lower-extremity amputation (p<0.005) (Klein, 1995). For individuals with 

type 2 diabetes, one percentage point increase in HbA1c level was significantly associated 

with an increased risk of mortality due to ischemic heart disease (HR=1.10, 95% (CI: 

1.04 - 1.1.7), and was also significantly associated with an increased risk of mortality due 

to stroke (HR=1.17, 95% CI: 1.05 – 1.30) (Klein, 1995).  

Thus, HbA1c testing is prognostically relevant for persons with diabetes because 

developing very morbid conditions can be a long-term consequence of having increased 

levels of HbA1c  (Klein, 1995). Moreover, the Diabetes Canada clinical guidelines 

recommend that HbA1c levels should be quantified twice and thrice annually for persons 

with diabetes who have, and have not, achieved glycemic control, respectively (Diabetes 

Canada Clinical Practice Guidelines Expert Committee, 2018). 

Prescription of glucose lowering drugs 

The United Kingdom Prospective Diabetes Study (UKPDS), a randomized 

controlled trial that commenced in 1977, was designed to establish whether there is an 

association between intensive control of blood glucose levels and the occurrence of 

microvascular (or macrovascular) complications in individuals with type 2 diabetes (UK 
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Prospective Diabetes Study (UKPDS) Group, 1998b); subjects were randomized to 

conventional treatment (i.e., dietary regimen) or intensive treatment (i.e., glucose-

lowering medications). Results showed that the median HbA1c levels was significantly 

lower in the intensive treatment group (7.0%) compared to the conventional group (7.9%) 

(p<0.0001). Furthermore, in the UKPDS, a diabetes-related endpoint was defined by the 

occurrence of any one of the following outcomes: (1) sudden death, (2) fatal or non-fatal 

myocardial infraction, (3) death from hyperglycemia or hypoglycemia, (4) congestive 

heart failure, (5) angina, (6) vitreous hemorrhage, (7) renal failure, (8) stroke, (9) 

amputation, (10) retinal photocoagulation or (11) blindness in one eye or cataract 

extraction. The ‘complication-free interval’ was defined as the follow-up time to when 

50% of the patients had at least one of the 11 aforementioned diabetes-related endpoints. 

Survival analysis in the UKPDS showed that the complication-free interval was 

significantly longer in the intensive treatment group (14 years) compared to the 

conventional group (12.7 years) (p=0.029). So, the UKPDS provided strong evidence to 

support that intensive glucose lowering, compared to dietary intervention, is associated 

with a lower risk of developing a diabetes-related complications in persons with this 

disease (UK Prospective Diabetes Study (UKPDS) Group, 1998b).  

There are various glucose-lowering drugs, where metformin is the first-line 

therapy for individuals with type 2 diabetes (Canadian Diabetes Association, 2017; 

Nathan et al., 2009); results from UKPDS showed that, for persons with diabetes, the 

relative risk (RR) of developing any diabetes-related complication with metformin 
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compared to conventional therapy was 0.68 (95% CI: 0.53 -  0.87) (UK Prospective 

Diabetes Study (UKPDS) Group, 1998a) 

Moreover, prescription of glucose-lowering drugs is also congruent with the 

Diabetes Canada clinical guidelines for diabetes management (Diabetes Canada Clinical 

Practice Guidelines Expert Committee, 2018). 

Blood pressure measurement and control 

Hypertension is the clinical term for the condition where an individual’s blood 

pressure is abnormally elevated, and this condition is more common in persons with 

diabetes than in individuals without the disease (Arauz-Pacheco et al., 2003; Ganesh & 

Viswanathan, 2011). For a diagnosis of hypertension, a person must have a ‘sustained’ 

blood pressure recording of at least 140/90 mmHg; the 140 and 90 mmHg refers to 

systolic and diastolic pressure, respectively (Arauz-Pacheco et al., 2003; de Boer et al., 

2017). Diagnosis of hypertension is always based on multiple blood pressure 

measurements that are each at least 140/90 mmHg, to rule out ‘white coat 

hypertension’—which is the term for the transient hypertension that results from merely 

seeing a physician (hence the term ‘white coat’). In ‘white coat hypertension’, a 

normotensive individual can record a measurement of 140/90 mmHg or greater—albeit 

only when in a clinic environment (Daskalopoulou et al., 2015; de Boer et al., 2017).  

Data from the UKPDS was analyzed to evaluate the relationship between systolic 

blood pressure  and the risk of developing any diabetes-related complication (Adler et al., 

2000). In Adler et al. (2000), the risk of developing any diabetes-related complication—

except for cataract extraction—significantly increased with increasing systolic blood 
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pressure in persons with diabetes (p<0.0001). On average, every 10mmHg reduction in 

updated mean systolic blood pressure was significantly associated with a 12% reduction 

in risk of any diabetes-related complication (Adler et al., 2000). So, the UKPDS 

established that the risk of developing any diabetes-related complication, for persons with 

diabetes, is greater when they have hypertension, relative to if they were normotensive.  

Angiotensin converting enzyme inhibitors and angiotensin II receptor blockers are 

the recommended pharmacological treatment for individuals with type 2 diabetes who 

have hypertension; ARBs are prescribed if the person is intolerant of ACEIs 

(Daskalopoulou et al., 2015; Ganesh & Viswanathan, 2011). The UKPDS investigated 

whether tight control of blood pressure prevents macrovascular and microvascular 

complications in persons with diabetes who have hypertension (UKPDS 38, 1998). These 

subjects were randomized to ‘tight control’ or ‘less tight control’; from an ethics 

perspective, the control subjects could not be randomized to no form of treatment (hence 

the ‘less tight control’). The primary outcome was the risk of developing any diabetes-

related complication. Results showed that the risk of a person with diabetes and 

hypertension developing any diabetes-related complication was significantly lower in the 

tight control group compared to the less tight control group (HR=0.76, 95% CI: 0.62 - 

0.92, p=0.0046). Furthermore, Kaplan-Meier estimates showed that, compared to less 

tight control, tight control was associated with a 24% risk reduction in developing any 

diabetes-related complication (95%CI: 8% - 38%, p=0.0046).  

In addition, The Action to Control Cardiovascular Risk in Diabetes blood 

pressure (ACCORD BP) study was a randomized trial that aimed to investigate whether 
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there is a difference in health outcome between intensive blood pressure control or 

standard blood pressure control in patients with type 2 diabetes; the primary outcome in 

this trial was a composite of (1) non-fatal myocardial infarction, (2) non-fatal stroke or 

(3) mortality from cardiovascular causes. Intensive and standard blood pressure control 

referred to using antihypertensive treatment with a target of less than 120 mmHg and 140 

mmHg systolic blood pressure, respectively (ACCORD Study Group et al., 2010). The 

intensive and standard (i.e., control) groups achieved a mean systolic blood pressure of 

119.3 mmHg (95%CI: 118.9 mmHg - 119.7 mmHg) and 133.5 mmHg (95% CI: 133.1 

mmHg - 133.8 mmHg), respectively. The risk of developing the primary outcome in the 

intensive and standard therapy groups were not significantly different (HR=0.88, 95%CI: 

0.73 - 1.06, p=0.20); nonetheless, the rate of non-fatal stroke was significantly higher in 

the standard therapy group (HR= 0.63, 95% CI: 0.41 - 0.96, p=0.03) (ACCORD Study 

Group et al., 2010).  

As per the Diabetes Canada clinical guidelines for diabetes management, persons 

with diabetes who have hypertension should aim to have their blood pressure at 130/80 

mmHg or below. The guidelines also recommend that patients who have not been 

diagnosed with hypertension should be tested for it once a year; the frequency of testing 

should be more for individuals with diabetes who are already hypertensive (Diabetes 

Canada Clinical Practice Guidelines Expert Committee, 2018). 

Body mass index measurement 

An underestimated condition of clinical and public health importance is obesity, 

which is defined as the condition where an individual’s excess level of adiposity is 
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pathological. Obesity can be measured using body mass index (BMI); a person’s BMI is 

derived by dividing their weight (in kilograms) by the squared value of his/her height (in 

metres2). Obesity is defined as having a BMI of greater than 30kg/m2 (Ofei, 2005). 

Although many studies on obesity use this metric to define obesity, it is important to 

know that this measure of adiposity is far from ideal because it does not account for an 

individual’s body fat distribution; independent of a person’s height and total body weight, 

fat distribution significantly impacts health. Abdominal fat (or abdominal obesity) can be 

measured using waist circumference. For men, abdominal obesity is defined as having a 

waist circumference (WC) of greater than 40 inches (or 101.6cm); for women, it is 

defined as having a WC of greater than 35 inches (or 88.9cm) (Krentz, 2005). Wang, 

Rimm, Stampfer, Willett, & Hu, (2005) compared the predictive power of BMI and WC 

in diagnosing type 2 diabetes mellitus in men and found that both BMI and WC were 

strong predictors for developing the metabolic disorder. However, WC was a relatively 

stronger predictor than BMI (Wang et al., 2005). There exists a strong correlation 

between obesity and type 2 diabetes; Kwon, Kim, Park, Park, & Cho (2017) performed a 

meta-analysis that quantified the association between BMI and risk of all-cause mortality, 

as well as risk of cardiovascular-specific mortality, in persons with diabetes. The authors 

also examined whether there is a dose-response effect of BMI. Using a random-effects 

model for their meta-analysis, Kwon et al. (2017) showed that the risk of all-cause 

mortality decreased with increasing BMI up to 28kg/m2; however, the risk of all-cause 

mortality increased as BMI exceeded 30kg/m2, and this significant (p<0.001) U-shaped 

relationship between all-cause mortality risk and BMI had a BMI nadir of 28kg/m2 – 
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30kg/m2. Likewise, the authors also found a significant non-linear relationship (p<0.001) 

between BMI and risk of cardiovascular-specific mortality in persons with diabetes; 

cardiovascular-specific mortality decreased as BMI increased from 22kg/m2 to 29kg/m2; 

however, the risk of cardiovascular-specific mortality increased as BMI exceeded 

31kg/m2 (Kwon et al., 2017). This U-shaped relationship between BMI and risk of 

cardiovascular mortality had a BMI nadir from 29kg/m2 – 31kg/m2.Thus, findings from 

Kwon et al. (2017) support that being underweight or overweight is associated with 

higher mortality risk than being normal weight; simply put, the authors showed that the 

risk of developing cardiovascular health problems is least when an individual’s BMI falls 

within normal range (i.e., 18.5kg/m2 - 24.9kg/m2). The Diabetes Canada clinical 

guidelines recommend that healthcare providers work with persons with diabetes in 

achieving weight loss towards a normal BMI range (Diabetes Canada Clinical Practice 

Guidelines Expert Committee, 2018). 

Smoking cessation counselling 

The literature supports that smoking is an established risk factor for developing 

type 2 diabetes (Le Boudec et al., 2016); in addition, smoking is strongly associated with 

other chronic conditions such as cardiovascular disease (Iino et al., 2004). Furthermore, a 

systematic review and meta-analysis study showed that the risk of developing type 2 

diabetes was greater in active smokers compared to persons who never smoked (Pan et 

al., 2015). Moreover, counselling on smoking cessation is recommended by Diabetes 

Canada for individuals with type 2 diabetes (Canadian Diabetes Association, 2017). 

Nephropathy screening and treatment 
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According to expert opinion from Diabetes Canada, individuals with type 2 

diabetes should annually be screened for nephropathy (i.e., the clinical term that 

corresponds to kidney damage) as the metabolic disorder increases a person’s risk of 

having kidney problems (Canadian Diabetes Association, 2017). To screen for 

nephropathy, random urine ACR and serum creatinine can be converted to estimated 

glomerular filtration rate, a metric that corresponds to functioning of kidneys; a diagnosis 

of chronic kidney disease is made when an individual’s random ACR is greater than 

2.0mg/mmol and/ or eGFR less than 60mL/min/1.73m2 in at least 2 of 3 samples over a 

three-month period (Canadian Diabetes Association, 2017). 

Randomized, placebo-controlled trials have shown that ACEIs and ARBs are 

significantly associated with delayed progression of nephropathy in persons with diabetes 

( Lewis et al., 2001; Ravid et al., 1993). In Ravid et al. (1993), normotensive people who 

have diabetes were randomized to either placebo or ACEIs, and the absolute risk 

reduction in overt proteinuria (i.e., a condition that is indicative of an unhealthy kidney) 

for the ACEI group, compared to the placebo group, was 30% (95% CI: 15% - 45%); 

furthermore, the ACEI group had significantly better renal function than the placebo 

group (p<0.05). In Lewis et al. (2001), results from a randomized, placebo-controlled 

trial showed that ARB use in persons with diabetes was associated with lower risk of 

doubling in serum creatinine (RR= 0.71, 95% CI: 0.54 - 0.92, p=0.009), where doubling 

of serum creatinine is often used as marker for worsening kidney function. 

Foot examination 
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Ulceration and amputation of the feet are one of the morbid consequences of 

uncontrolled type 2 diabetes (Canadian Diabetes Association, 2017). Lower-extremity 

amputation affects up to 15% of people who have diabetes (Scott, 2013). Using a case-

control study design, Mayfield, Reiber, Nelson, & Greene (2000) investigated whether 

there is a preventive effect of foot examination in Pima Indians; this ethnic group is 

known to have the highest prevalence of diabetes mellitus compared to any other 

population (Baier & Hanson, 2004; Booth et al., 2017; Mayfield et al., 2000). Cases and 

controls were identified from January 1st, 1985 to December 31st, 1992; cases were Pima 

Indians who had foot amputations, while controls where their counterparts who did not 

have it. All subjects’  information were abstracted from medical charts (Mayfield et al., 

2000). Mayfield et al. (2000) hypothesized that any form of foot examination lowered the 

odds of having a foot amputation; however, the authors’ results were not statistically 

significant, (OR = 0.55, 95% CI: 0.17-1.70, p=0.31). Despite an absence of evidence 

suggesting that foot examination significantly reduces the risk of foot amputation, expert 

opinion from Diabetes Canada recommends that individuals with diabetes should 

undergo a foot examination annually (Canadian Diabetes Association, 2017). 

Eye examination 

Klein, Klein, Moss, Davis, & DeMets (1989) determined the four-year incidence 

of retinopathy for individuals with type 2 diabetes in The Wisconsin Epidemiologic Study 

of Diabetic Retinopathy (WESDR) study. The four-year incidence (95% CI) of any form 

of retinopathy (or progression of retinopathy) among people with diabetes who were and 

weren’t on insulin therapy was 47.4% (95% CI: 39.5% - 55.3%) and 34.4% (95% CI: 
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29.2% - 39.6%), respectively (Klein et al., 1989); these results are congruent with 

findings from other studies which showed that insulin use was associated with a higher 

occurrence of diabetic retinopathy relative to no insulin use (Zhao et al., 2014). Finding 

from the WESDR study has been used by various scientific associations, including 

Diabetes Canada, to support the practice of performing eye examinations on individuals 

with diabetes (Canadian Diabetes Association, 2017).  

In addition, The Liverpool Diabetic Eye Study, which was a prospective cohort 

study, showed that the yearly incidence of any form of retinopathy increased from 

baseline for people with diabetes; the cumulative incidence in year 1 and year 4 were 

5.3% (95% CI:4.6% -6.0%) and 25.2% (95% CI:23.3% -27.1%), respectively (Younis et 

al., 2003). According to Diabetes Canada, eye examinations should generally be 

performed annually in individuals with type 2 diabetes (Canadian Diabetes Association, 

2017). 

Lipid assessment and statin prescription 

Type 2 diabetes mellitus increases an individual’s risk of stroke and coronary 

heart disease by 2 to 4-fold (Colhoun et al., 2004). The Collaborative Atorvastatin 

Diabetes Study (CARDS) was a randomized, placebo-controlled trial that aimed to 

investigate the effect of statin drugs in the primary prevention of cardiovascular diseases 

for individuals with type 2 diabetes. In the CARDS, use of statin—compared to 

placebo—was associated with a significantly lower risk of developing a stroke (HR= 

0.52, 95% CI: 0.31-0.89) and acute coronary events (HR= 0.64, 95% CI: 0.45-0.91) 

(Colhoun et al., 2004). Thus, findings from Colhoun et al. (2004) serve as evidence to 
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support the prophylactic use of statins for people with diabetes; furthermore, expert 

opinion supports that individuals with the metabolic disorder should have their lipid 

profile measured at least once yearly (Diabetes Canada Clinical Practice Guidelines 

Expert Committee, 2018). 

Congestive heart failure 

In the literature, congestive heart failure—or simply heart failure—can exist in 

two forms, namely, heart failure with reduced ejection fraction (HFrEF) or heart failure 

with preserved ejection fraction (HFpEF). These two forms of CHF are distinct in terms 

of their pathophysiology and prognosis (Borlaug, 2013). Process of care for CHF is 

defined more precisely for HFrEF than for HFpEF (Ponikowski et al., 2016), and the 

process indicators discussed herein pertain to HFrEF.  

The following process measures, relevant for a primary care context, are: (1) 

prescription of angiotensin converting enzyme inhibitors, or angiotensin II receptor 

blockers, or hydralazine with isorbide dinitrate (H-ISDN), or angiotensin neprilysin 

inhibitors (ARNIs), (2) prescription of beta blockers (BB), (3) prescription of digoxin, (4) 

digoxin monitoring, (5) prescription of anticoagulants, (6) prescription of aldosterone 

receptor antagonists (ARAs), (7) prescription of diuretics, (8) evaluation of left 

ventricular ejection fraction (LVEF), (9) cardiovascular physical examination, (10) no 

prescription of type I antiarrhythmic drugs, (11) no prescription of calcium channel 

blockers, (12) no prescription of nonsteroidal anti-inflammatory drugs (NSAIDs) and 

(13) patient counselling. Herein, we present some evidence on the process-outcome link 
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for all these indicators; furthermore, these care processes are congruent with the 

Canadian Cardiovascular Society clinical guidelines (Ezekowitz et al., 2017).  

Prescription of angiotensin converting enzyme inhibitors 

The Studies of Left Ventricular Dysfunction (SOLVD) study, a randomized 

double-blind, placebo-controlled trial showed that the risk of all-cause mortality was 

significantly lower in the persons with CHF who used ACEIs compared to their 

counterparts who used placebo (Risk Reduction=17%, 95% CI: 5% – 27%) in a 48-

month follow-up period. Furthermore, compared to the placebo group, the risk of 

hospitalization or mortality due to heart failure was significantly lower in the ACEI group 

(Risk Reduction= 27%, 95% CI: 18% – 34%). This study has been among the highly 

cited sources of high-quality evidence to support the prescription of ACEIs for people 

who have CHF (SOLVD investigators, 1991). 

In terms of natural history of CHF, patients are characterized by two unfavourable 

outcomes, namely, (1) left ventricular dilation and (2) systolic dysfunction. Konstam et 

al. (1992) investigated the patient population in the SOLVD trial (i.e., persons with CHF) 

to determine the effect of chronic use of ACEIs on progression of systolic function and 

left ventricular dilation, and the study by Konstam et al. (1992) showed that chronic use 

of ACEI therapy prevents or reverses progression of CHF. In the ACEI group, LVEF was 

25% ± 7% at baseline and increased to 29% ± 8% at 1 year follow-up (p=0.01); in the 

placebo group, LVEF was 25% ± 5% at baseline but 24% ± 8% at 1 year follow-up and 

the difference was statistically non-significant (Konstam et al., 1992). 
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The CCS clinical guidelines recommends that persons with CHF be treated with ACEI 

(Ezekowitz et al., 2017). 

Prescription of angiotensin II receptor blockers 

A substantial proportion of persons with CHF exhibit symptoms of ACEI 

intolerance, such as painful coughs; thus, Angiotensin II Receptor Blockers are an 

alternative therapy for this population of persons with CHF (Granger et al., 2003). The 

Candesartan in Heart Failure-Assessment of Reduction in Mortality and Morbidity 

(CHARM) study (Swedberg et al., 1999) was a program of randomized trials  aimed to 

investigate the prognostic effects of ARB use in persons with CHF; CHARM constituted 

three independent, parallel, placebo-controlled randomized trials for three types of 

patients: (1) patients with LVEF ≤40% and who were on ACEI (the CHARM-Added 

trial), (2) patients with LVEF ≤40% and who were ACEI intolerant (the CHARM-

Alternative trial), and (3) patients with LVEF > 40% and who were not treated with 

ACEI (the CHARM-Preserved trial). Patients were randomized to either placebo or ARB 

in all the three CHARM trials; the overarching hypothesis in these three studies was that 

use of ARBs is associated with a reduced risk of all-cause mortality in the three 

populations of CHF. The median follow-up period was 37.7 months, and findings from 

the overall CHARM trial (i.e., all three populations of CHF combined) demonstrated that 

the risk of all-cause mortality was significantly lower in ARB group compared to the 

placebo group (HR= 0.90, 95% CI: 0.80 – 0.99). The significantly lower risk of all-cause 

mortality in the ARB group was attributed to this group having a significantly lower risk 

of (cardiovascular disease (CVD)-specific mortality compared to placebo (HR= 0.87, 
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95% CI: 0.78 – 0.96). In addition, the risk of hospitalization due to CHF was also lower 

in the ARB group compared to placebo group (HR= 0.77, 95% CI: 0.70 – 0.84) (Pfeffer 

et al., 2003; Swedberg et al., 1999). 

 As per the CCS clinical guidelines, persons with CHF are recommended to be 

treated with ARB if they are ACEI intolerant (Ezekowitz et al., 2017). 

Prescription of angiotensin neprilysin inhibitors 

 The first angiotensin neprilysin inhibitor to be tested in patients with CHF was 

referred to as LCZ696 in the Prospective comparison of ARNI with ACEI to Determine 

Impact on Global Mortality and morbidity in Heart Failure (PARADIGM-HF) study 

(McMurray et al., 2013). The PARADIGM-HF trial was a randomized, double-blind, 

parallel-group, active-controlled trial, that compared the effects of LCZ696 and ACEI in 

persons with CHF; the median follow-up period was 27 months. LCZ696 use was 

significantly associated with more favourable clinical outcomes than use of ACEI as the 

risk of cardiovascular mortality was significantly lower in the ARNI group compared to 

the ACEI group (HR= 0.80, 95% CI: 0.71 – 0.89); likewise, the risk of all-cause 

mortality was significantly lower (HR= 0.84, 95% CI: 0.76 – 0.93); the risk of 

hospitalization due to CHF was significantly lower as well (HR= 0.79, 95% CI: 0.71 – 

0.89). The therapeutic use of ARNI for persons with CHF was approved in Canada by 

2015. 

Prescription of hydralazine and isorbide dinitrate 

The African American Heart Failure Trial (A-HeFT)—the first randomized trial, 

for CHF, that defined its study subjects by race—investigated the effect of CHF 
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pharmacotherapy on persons who identified as being of Black race (Taylor et al., 2002). 

This study was a randomized, double-blind, placebo-controlled trial where subjects (i.e., 

persons of Black race) on standard therapy (i.e., ACEIs), were randomized to either 

placebo or the combination drug hydralazine with isorbide dinitrate. A strong rationale 

for the conduct of the A-HeFT trial was based on the literature which supports that 

persons of African American ancestry, on average, do not respond favourably to first-line 

CHF pharmacotherapy (i.e., ACEIs) the way individuals of Caucasian race—on 

average—would. For instance, in the SOLVD trial, there was an excess of mortality and 

hospitalizations in the subgroup of individuals who were of African American ancestry 

(Taylor et al., 2002). Another rationale for the conduct of the A-HeFT trial was the fact 

that persons of African American ancestry, in general, are under-represented in many 

randomized trials, as well as observational studies (Sankaré et al., 2015; Taylor et al., 

2002). 

The primary outcome in the A-HeFT trial was a composite score of weighted 

values for: (i) all-cause mortality, (ii) hospitalization due to CHF at 18-months of follow-

up and (iii) change in Quality of  Life (QoL) scores at six months of follow up; a more 

positive composite score indicated more favourable clinical outcomes. The A-HeFT trial 

was terminated early because the mortality rate was significantly higher in the placebo 

group compared to H-ISDN group. There was no loss to follow-up in this trial, and the 

mean follow-up period was 10 months. At trial termination, the composite score in the H-

ISDN group was significantly more positive than the composite score in the placebo 

group (p=0.01). Furthermore, each of the three individual components of the composite 
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score was significantly more favourable in the H-ISDN group compared to the placebo 

group. Relative to the placebo group, subjects on H-ISDN had a significantly lower all-

cause mortality risk (p=0.02), significantly lower risk of first hospitalization due to CHF 

(p= 0.001) and a significantly higher QoL score at six months (p=0.02) (Taylor et al., 

2004). 

The CCS clinical guidelines recommends that the combination drug H-ISDN be 

used for persons with CHF who are of Black race and have advanced symptoms. This 

guideline also recommends H-ISDN for all persons with CHF who are intolerant to 

ACEI, ARB or ARNI due to renal pathology or hyperkalemia (Ezekowitz et al., 2017). 

Prescription of beta blockers 

 A randomized, double-blind, placebo-controlled trial by Packer et al. (1996) 

investigated the safety of beta blockers in CHF; persons with CHF on standard therapy 

(such as ACEIs, diuretics, etc.) were randomized either to receive either placebo or a beta 

blocker. Results from this trial showed that use of beta blocker was associated with 

significantly lower risk of all-cause mortality (Risk Reduction= 65%, 95% CI: 39% – 

80%) (M Packer et al., 1996).  

In addition, the CCS clinical guidelines recommends that persons with CHF be 

prescribed beta blockers in addition to standard therapy (e.g., on ACEIs or ARBs or 

ARNIs) (Ezekowitz et al., 2017). 

Prescription of aldosterone receptor antagonists 

 Aldosterone receptor antagonists, which are also referred to as mineralocorticoid 

receptor antagonists, have been shown to be associated with favourable outcomes in 
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patients with CHF (Zannad et al., 2012). The Randomized Aldactone Evaluation Study 

(RALES) trial was the first randomized trial to investigate the effect of MRAs on 

morbidity and mortality in persons with CHF (Pitt et al., 1999). In this trial, subjects on 

standard therapy (including ACEIs), were randomized to MRA or placebo; the RALES 

trial was halted as favourable outcomes associated with MRA use had already been 

observed after a mean follow-up period of 24 months. The risk of mortality due to 

progressive heart failure was lower in the MRA group compared to the placebo group 

(Relative risk= 0.64, 95% CI: 0.51 – 0.80); similarly, the risk of hospitalization due to 

worsening heart failure was lower in the MRA group (RR=0.65, 95% CI: 0.54 – 0.77).  

 The CCS clinical guidelines recommend that persons with CHF be treated with 

MRAs, in addition to standard therapy (Ezekowitz et al., 2017). 

Prescription of digoxin 

For over 200 years, use of digoxin has been indicated for individuals with CHF 

who have a normal sinus rhythm, lower heart rate and increased myocardial contractility 

(Sebastiano et al., 2015). Over the past several decades, the safety and efficacy of 

Digoxin has been scrutinized especially since the advent of first-line therapies such as 

ACEIs (Sebastiano et al., 2015). In the Randomized Assessments of [the effect of] 

Digoxin on Inhibitors of the Angiotensin-Converting Enzyme (RADIANCE) study, a 

randomized trial by Packer et al. (1993), persons with CHF, who were on ACEI and 

diuretics, were randomized to receive either  digoxin or placebo. The RADIANCE trial 

showed that the relative risk of worsening heart failure was higher in the placebo group 
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compared to the digoxin group (RR=5.9, 95% CI: 2.1 – 17.2, p<0.001) during a follow-

up period of 12 weeks (Packer et al., 1993). 

 Like the RADIANCE study, another randomized trial by the Digitalis 

Investigation Group (1997) investigated the prognostic effect of digoxin during a 52-

month follow-up (Digitalis Investigation Group, 1997); persons with CHF who had 

normal sinus rhythm were randomized to receive either digoxin or placebo. This trial 

found a trend where mortality due to worsening heart failure was greater in the placebo 

group compared to the digoxin group (p=0.06); hospitalizations due to worsening heart 

failure was significantly lower in the digoxin group compared to the placebo group 

(Digitalis Investigation Group, 1997). Using propensity score matching on retrospective 

data, Al-khateeb et al. (2017) found that use of digoxin—compared to no use of 

digoxin—is associated with unfavourable patient outcomes in a contemporary CHF 

cohort. Digoxin use was associated with an increase in all-cause mortality (HR= 1.74; 

95% CI: 1.20 to 2.38; p<0.0001) (Al-khateeb et al., 2017). The authors argued that a lack 

of digoxin monitoring could be a reason for the higher mortality observed with its use 

(Al-khateeb et al., 2017) .  

 Adams et al. (2014) published a perspective regarding digoxin use and concluded 

that the decline in digoxin use in over the past 20 years could be a result of the Digitalis 

Investigation Group (DIG) trial demonstrating neutral effects on mortality and some 

studies pointing towards possible harm from digoxin use in persons with CHF. Adams et 

al. (2014) emphasized that digoxin use be considered given that it is inexpensive and 

possibly being more therapeutic at lower doses (Adams et al., 2014). 
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 Kongkaew, Sakunrag, & Jianmongkol (2012) performed a systematic review of 

observational studies, on the prevalence of Digoxin compliance in persons with only 

CHF, only AF, and the two conditions; the authors reported that the prevalence of 

Digoxin non-compliance is quiet substantial in patients with CHF and/or AF. The pooled 

mean non-compliance prevalence rate was 25.10% (95% CI: 12.20% - 37.90%). Thus, 

non-compliance for digoxin could partly explain the conflicting findings regarding its use 

in the literature (Kongkaew et al., 2012).  

As per the CCS clinical guidelines, digoxin can be considered for persons with 

CHF with sinus rhythm and whose symptoms range between moderate and severe 

(Ezekowitz et al., 2017). 

Digoxin monitoring 

 In general, the aim of therapeutic drug monitoring (TDM) is to avoid drug toxicity 

and increase drug efficiency in patients  (Matzuk et al., 1991). Digoxin is a therapeutic 

agent that has a narrow therapeutic range of 0.5-0.8 ng/ml (Rosenberg & Federiuk, 2003); 

as a result, digoxin is supposed to be frequently monitored for both inpatients and 

outpatients (Matzuk et al., 1991). It is also important to note that the serum concentration 

of 0.5-0.8 ng/ml is a general therapeutic range because the therapeutic range varies from 

patient to patient; simply put, a concentration that is toxic for one patient may fall within 

the ‘therapeutic range’ of another. In addition, Matzuk et al. (1991) suggested that TDM 

of digoxin could be cost-efficient to a health care system as regular monitoring can 

reduce hospitalizations due to unfavourable outcomes from drug toxicity (Matzuk et al., 

1991).  
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The CCS clinical guidelines for CHF recommends that patients be monitored 

regularly for toxicity of digoxin (Ezekowitz et al., 2017). 

Prescription of anticoagulants  

Congestive heart failure  is associated with (1) being in a hypercoagulable state 

and (2) higher mortality due to atherothrombotic events, and, therefore, use of 

anticoagulants has been indicated for persons with CHF (Homma et al., 2012).  Use of 

anticoagulants (such as warfarin) in CHF has been a subject of investigation for at least a 

half a century (Bhatia et al., 2009).  

Bhatia et al. (2009) reported how clinical suggestions regarding anticoagulant use 

were inconsistent across various clinical expert groups—such as those affiliated with the 

American Heart Association, Heart Failure Society of America, and American College of 

Chest Physicians. Bhatia et al. (2009) reviewed the literature on whether the use of 

anticoagulants for CHF is associated with favourable or unfavourable patient outcomes, 

and the authors found that some studies support use of it, while others show no benefit of 

persons with CHF using it. In the literature, use of anticoagulants is associated with 

reduced rates of embolic events and reduced rates of mortality; however in many of those 

studies, subjects had atrial fibrillation and clinically significant valvular disease (Homma 

et al., 2012).  

Aspirin is a pharmacological agent with anticoagulant properties, and its use in 

CHF has also been controversial in the literature (Bermingham et al., 2014; Massie, 

2005). In the Warfarin versus Aspirin in Reduced Cardiac Ejection Fraction (WARCEF) 

study, a randomized, multi-centre, double-blind trial, the efficacy of Warfarin was 
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investigated in persons with CHF who had sinus rhythm; the trial excluded CHF patients 

with atrial fibrillation (Homma et al., 2012). This trial showed that the risk of ischemic 

stroke was significantly lower in the warfarin group compared to the aspirin group (HR= 

0.52, 95% CI: 0.33 – 0.82). For other patient outcomes such as risk of all-cause mortality 

and risk of hospitalization, the WARCEF trial showed that there were no significant 

differences between the two groups for these two treatments (Homma et al., 2012). 

Two other randomized trials also investigated and compared the effect of aspirin 

and warfarin on health outcome for persons with CHF and who have sinus rhythm, 

namely the Warfarin/Aspirin Study in Heart Failure (WASH) and Warfarin and 

Antiplatelet Therapy in Chronic Heart Failure (WATCH) trials (Bermingham et al., 

2014). Bermingham et al. (2014) reported how the WASH and WATCH trials reported 

excess of hospitalization with aspirin use (Cleland et al., 2004; Massie et al., 2009); the 

authors used propensity score methods to investigate the effect of low dose aspirin on risk 

of mortality, as well as risk of hospitalization in persons with CHF; patients were 

categorized as low-dose aspirin users (75mg aspirin daily), high-dose aspirin users 

(greater than 75mg aspirin daily) and non-aspirin users. Multivariable analyses in the 

study by Bermingham et al. (2014) showed that the risk of mortality was lower in the 

low-dose aspirin group compared to high-dose group (HR=0.57, 95% CI: 0.35 – 0.92); 

furthermore, the risk of mortality in the low dose aspirin group was lower than in the 

non-aspirin use group (HR=0.58, 95% CI: 0.46 -0.74) (Bermingham et al., 2014). 

Multivariable analyses showed that the risk of mortality was not statistically different 

between the high-dose and no aspirin group (HR=0.98, 95% CI: 0.59 -1.63). The risk of 
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hospitalization due to CHF was lower in the low-dose aspirin users compared to no 

aspirin use (HR= 0.70, 95% CI: 0.54 – 0.90). The risk of hospitalization due to CHF was 

lower in the high-dose aspirin users compared to no aspirin users (HR=0.50, 95% CI: 

0.27 – 0.92). The risk of hospitalization when comparing low dose aspirin use with high 

dose aspirin use was not statistically different (HR= 1.27, 95% CI: 0.70 – 2.30). Thus, 

findings from Bermingham et al. (2014) support that use of aspirin at low-doses is 

beneficial, and that the prognostic impact of aspirin is dependent on its dose—as would 

any pharmacological agent. 

The CCS clinical guidelines recommend that low dose of aspirin be used for 

persons with CHF who have a clear indication for the prevention of secondary 

atherosclerotic cardiovascular events; the guideline recommends against the use of 

aspirin in persons with CHF with sinus rhythm (Ezekowitz et al., 2017). 

Prescription of diuretics 

 Diuretics reduce pulmonary congestion and, therefore, using them provides 

symptomatic relief for persons with CHF (Faris et al., 2002). A meta-analysis of four 

randomized trials showed that the odds of worsening heart failure was lower for persons 

with CHF taking diuretics compared to their counterparts on placebo (pooled OR= 0.31, 

95% CI: 0.15 – 0.62) (Faris et al., 2002).  

However, findings from Pellicori et al. (2016) contradicted findings from Faris et 

al. (2002); while findings from the former supported the use of diuretics for persons with 

CHF is beneficial, results from the latter showed that using diuretics is associated with 

unfavourable outcomes in this patient population. Pellicori et al. (2016) performed a 
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prospective cohort study to investigate the effect of diuretic use on the (1) risk of all-

cause mortality or (2) hospitalization due to CHF in persons with CHF. The authors 

defined an adverse event to be the occurrence of either of these two outcomes (Pellicori 

et al., 2016). Using a follow–up period of 5 years, survival analyses showed that use of 

diuretics, at any dose (i.e., at least 10 mg), was associated with a higher risk of adverse 

events compared to not using diuretics (HR=2.18, 95% CI:1.62 – 2.95); higher doses of 

diuretics (i.e., greater than 40mg vs. no diuretic) further increased the risk of an adverse 

event (HR= 2.95, 95% CI: 2.13 – 4.10) (Pellicori et al., 2016).  

Furthermore, clinical guidelines for heart failure also allude to the cautious use of 

diuretics (Ponikowski et al., 2016); as per the CCS clinical guidelines, diuretics are 

recommended for persons with CHF if there is a need to control peripheral edema and/or 

congestion (Ezekowitz et al., 2017). 

Evaluation of left ventricular ejection fraction 

When managing CHF, it is important to evaluate physiological measurements, 

such as left ventricular ejection fraction (Edvardsen et al., 2006). Using a cohort study 

design, Niebauer, Clark, Anker, & Coats, (1999) investigated the prognostic value of 

LVEF in persons with CHF who have very low ejection fraction (EF) (i.e., EF≤20%); the 

study was censored at 3 years of follow-up to mimic a clinically relevant time span. The 

subjects were divided into 2 groups of EF where individuals in one group had an EF that 

ranged between 11% and 20%, while members of the other group had EF≤10% (Niebauer 

et al., 1999). These two groups were similar in baseline characteristics. The study showed 

that, within each year, the risk of mortality was not significantly different among the two 



58 

 

groups, and Niebauer et al. (1999) concluded that LVEF was a not a predictor of 

mortality. 

 Curtis et al. (2003) analyzed data from the DIG trial, which was a randomized 

trial that investigated the effect of digitalis (a pharmacological agent) on hospitalization 

and mortality in persons with CHF who have stable sinus rhythm. This trial enrolled 

subjects with varying EF and thus Curtis et al. (2003) was able to investigate the 

prognostic value of evaluating LVEF in persons with CHF. Curtis et al. (2003) divided 

the subjects according to six clinically meaningful ranges of EF: (1) EF≤ 15%, (2) EF= 

16% - 25%, (3) EF= 26% - 35%, (4) EF=36% - 45%, (5) EF= 46% - 55% and (6) EF > 

55%. All-cause mortality and death due to worsening HF were the outcomes and the 

median follow-up period was 37 months. The study showed that mortality rates 

increased, linearly, among patients whose EF value were within the first four ranges; e.g., 

the mortality rate in the LVEF ≤ 15% group and LVEF= 36% - 45% group, were 51.7% 

and 25.6%, respectively, (p<0.001). However, mortality rates were not statistically 

different for patients in the EF groups above 45% (Curtis et al., 2003). Thus, findings 

from this study supports that evaluation of LVEF is of prognostic value as this 

physiological measurement can predict health outcome.  

Curtis et al. (2003) stated that prognostic value of LVEF in CHF declines once EF 

falls below 25%, and this statement is congruent with the findings from Niebauer et al. 

(1999)—where the previous study showed that there is no difference in mortality rates 

between persons with CHF who have LVEF of 11% - 20% or LVEF ≤ 10%. 
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The CCS clinical guidelines suggest that LVEF be measured once to thrice a year 

in persons with CHF to monitor if ventricular function is improving or worsening 

(Ezekowitz et al., 2017). 

Cardiovascular physical examination 

 In a cardiovascular physical examination, cardinal signs of heart failure, such as 

elevated jugular venous pressure (JVP) and an S3 gallop (which is also referred to as a 

third heartbeat sound), can be identified. Rame, Dries, & Drazner, (2003) discussed how 

physicians nowadays, in general, are not performing cardiac physical examination. The 

authors explained that the replacement of such examinations with newer technologies 

resulted in fewer educators who can teach medical students how to conduct a 

cardiovascular physical examination (Rame et al., 2003). 

 To identify whether S3 gallop or elevated JVP (i.e., two measures derived from a 

cardiovascular physical examination) have a prognostic value in CHF, Rame et al. (2003)  

performed a post hoc analysis on data from the SOLVD trial (Rame et al., 2003), a 

randomized, placebo-controlled study that compared the effect of ACEI vs. placebo in 

persons with CHF. The SOLVD trial had data on whether its subjects had both elevated 

JVP and S3 gallop. Post hoc analysis showed that patients with an S3 gallop or elevated 

JVP were significantly at a higher risk for unfavourable patient outcomes than patients 

without these physical examination signs. For instance, the risk of all-cause mortality was 

higher in patients with an elevated JVP (relative risk= 1.52, 95% CI: 1.27 – 1.82, 

p<0.001) and an S3 gallop (relative risk= 1.35, 95% CI: 1.47 – 2.17, p<0.001). The risk of 

heart failure-related hospitalization was higher in subjects with an elevated JVP (relative 
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risk= 1.78, 95% CI: 1.47–2.17, p<0.001); likewise, the risk of heart failure-related 

hospitalization was higher in those with an S3 gallop (relative risk= 1.70, 95% CI= 1.46–

1.97, p<0.001). Thus cardiovascular physical examination can enhance risk stratification 

for persons with CHF (Rame et al., 2003). 

Like Rame et al. (2003), Caldentey et al. (2014) investigated the prognostic value 

of cardiovascular physical examination in a contemporary cohort of persons with CHF 

who had a history of atrial fibrillation. The authors conducted a post hoc analysis on data 

from a randomized study, namely the Atrial Fibrillation and Congestive Heart Failure 

(AF-CHF) trial (Caldentey et al., 2014). Univariate analysis showed that an S3 gallop was 

significantly associated with an increased risk of (1) all-cause mortality, (2) 

cardiovascular mortality and (3) hospitalization due to CHF; upon multivariate analyses, 

the statistical significance for all these three outcomes was lost—though a non-significant 

trend of increased risk was maintained (Caldentey et al., 2014). The loss in statistical 

significance could be due to a reduction in statistical power—where multivariate analyses 

requires a greater sample size to maintain the same level of Type II error. Nonetheless, 

multivariate analyses from this study showed that pulmonary rales (another 

cardiovascular physical examination sign) was significantly associated with an increased 

risk of (1) cardiovascular mortality (HR=1.43, 95%CI: 1.09 – 1.88, p=0.0097), (2) all-

cause mortality (HR= 1.32, 95% CI: 1.03 – 1.69, p=0.0286) and (3) hospitalization due to 

CHF (HR=1.42, 95%CI: 1.05 – 1.90, p=0.0211) (Caldentey et al., 2014).  

Notwithstanding the emerging technologies used for the diagnosis and prognosis 

of cardiovascular ailments, Suh, Wong, & Krishnan, (2008) support that the practice of 
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cardiovascular physical examination and documentation of medical history should not be 

undermined. Furthermore, the authors produced a case report where interpretation of 12-

lead electrocardiogram (ECG), from an 80-yeard old male diagnosed with CHF, led to 

accurate diagnosis; through the ‘older technology’, physicians were able to identify a 

specific cardiomyopathy known as pacemaker syndrome, and this diagnosis led to 

identifying a suitable therapeutic intervention (Suh et al., 2008). 

The CCS clinical guidelines strongly endorses that persons with CHF undergo 

cardiac physical examination (Ezekowitz et al., 2017). 

No prescription of type 1 antiarrhythmic drugs 

 Arrhythmia, the irregular rhythm of heart beat, is common in individuals 

diagnosed with CHF, and it can lead to sudden mortality in persons with CHF (Køber et 

al., 2008). Several types of antiarrhythmic drugs can be used to manage arrhythmia.  

For instance, type 3 antiarrhythmic drugs have been associated with favourable 

patient outcomes in persons diagnosed with CHF; for example, a multi-center, 

prospective, randomized trial investigated the prophylactic effect of a low dose type 3 

antiarrhythmic drug on mortality risk in patients who have no symptom of arrhythmia 

(Doval et al., 1994). In the trial, patients with severe CHF were randomized to receive 

either (1) standard therapy (i.e., ACEI) or (2) type 3 antiarrhythmic drug in low dose in 

addition to standard therapy. The total mortality and hospitalization due to CHF was 

significantly less for the group on the type 3 drug compared to the standard therapy group 

(Doval et al., 1994).  
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On the contrary, type 1 antiarrhythmic drugs have been associated with 

unfavourable patient outcomes in CHF; evidence regarding the management of CHF with 

type 1 antiarrhythmic drugs is mixed as the literature is filled with conflicting findings. 

The Antiarrhythmic Trial with Dronedarone in Moderate to Severe CHF 

Evaluating Morbidity Decrease (ANDROMEDA) study, a randomized, double-blind, 

placebo-controlled trial, compared the effect of type 1 antiarrhythmic drug vs. placebo on 

morbidity and mortality in persons with CHF. This trial showed that use of type 1 

antiarrhythmic drug was significantly associated with all-cause mortality (HR= 2.19,  

95% CI: 1.06 to 4.52, p=0.03), within a time period of 210 days (Køber et al., 2008). 

While the findings from the ANDROMEDA study showed that use of type 1 

antiarrhythmic drug is significantly associated with an higher risk of mortality, a post hoc 

analyses of A Placebo-Controlled, Double-Blind, Parallel Arm Trial to Assess the 

Efficacy of Dronedarone 400 mg bid for the Prevention of Cardiovascular 

Hospitalization or Death from Any Cause in Patients with Atrial Fibrillation/Atrial 

Flutter (ATHENA) study showed that use of type 1 antiarrhythmic drug is not associated 

with an increased risk of mortality in patients with atrial fibrillation (AF) and CHF 

(Hohnloser et al., 2009).  

Such discrepancies in literature can be reconciled by understanding that, in many 

studies pertaining to CHF, the study population may differ (e.g., CHF only vs. CHF with 

AF). So, the nuances in how the trials defined their patient population, along with varying 

inclusion and exclusion criteria, may partly account for these discrepant findings.  
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Chatterjee, Ghosh, Lichstein, Aikat, & Mukherjee, (2012) performed a systematic 

review and meta-analysis on the cardiovascular effects of type 1 antiarrhythmic drug in 

CHF or atrial fibrillation; data from the ATHENA (Hohnloser et al., 2009) and 

ANDROMEDA (Køber et al., 2008) trials were included in this meta-analysis. The meta-

analysis showed that type 1 antiarrhythmic drug use was non-significantly associated 

with higher risk of all-cause and cardiovascular-specific mortality in patients with CHF 

or AF. However, when Chatterjee et al. (2012) removed data from the ATHENA study, 

type 1 antiarrhythmic use became significantly associated with higher risk of all-cause 

mortality and cardiovascular specific mortality in persons with CHF or AF (Chatterjee et 

al., 2012). 

The only drug that the CCS clinical guidelines recommend for persons with CHF 

who have arrhythmia is “Amiodarone”, which is a type 3 antiarrhythmic drug (Ezekowitz 

et al., 2017). 

No prescription of calcium channel blockers  

According to an evidence-based review of CHF pharmacotherapies (Raj & 

Adhyaru, 2016), calcium channel blockers should not be recommended for persons with 

CHF because the evidence shows that use of them are either non-significantly associated 

with slight benefits, or associated with unfavourable health outcomes. 

 The Mortality Assessment in Congestive Heart Failure Trial (MACH-1) (Levine 

et al., 2000) was a randomized, multicenter, double-blind, placebo-controlled trial that 

aimed to investigate the effect of using calcium channel blockers (CCBs) vs. placebo on 

the risk of mortality and heart failure-related hospitalization in persons with CHF. The 
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trial showed that there was no significant difference between CCB and placebo use for 

these outcomes. However, in the first three months, there was a trend where the risk of 

all-cause mortality was higher in the CCB group compared to placebo (Levine et al., 

2000).  

Cleophas & van Marum, (2001) performed a meta-analysis of randomized trials 

that compared the effect of placebo and second generation CCBs on mortality and 

morbidity for persons with CHF. The authors showed that there was a non-significant 

trend where use of the second generation calcium channel blockers was associated with 

more favourable outcome, such as lower mortality risk and increased exercise tolerance 

(Cleophas & van Marum, 2001).  

The CCS clinical guidelines strongly recommend against persons with CHF using 

CCBs (Ezekowitz et al., 2017). 

No prescription of nonsteroidal anti-inflammatory drugs 

 Evidence to support that the use of NSAIDs is associated with an increased risk of 

being diagnosed with CHF had existed since the late 1980’s (Vandenouweland et al., 

1988).  In Vandenouweland et al. (1988), use of NSAID medication shortly preceded a 

diagnosis of CHF in elderly patients with locomotor diseases. The risk of developing 

such diseases increases with age; oftentimes, the elderly were prescribed NSAIDs (for 

symptoms of pain), and a common side effect is fluid retention (Vandenouweland et al., 

1988).  

 In 2002, Feenstra, Heerdink, Grobbee, & Stricker, (2002) reported relevant 

findings from the Rotterdam Study, a population-based prospective cohort study on the 
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prevalence, incidence and determinants of various diseases in the elderly. The authors 

investigated whether (1) use of NSAIDs is significantly associated with first occurrence 

of CHF and (2) whether use of NSAIDs is significantly associated with worsening of 

already existing CHF (Feenstra et al., 2002). The cohort study showed that the relative 

risk of first occurrence of CHF with NSAIDs use is 1.1 (95% CI: 0.7-1.7) within a mean 

(± standard deviation (SD)) follow-up period of 6 years (±1.6 years); however, the 

relative risk for hospitalization due to heart failure in patients already diagnosed with 

CHF was 9.9 (95% CI: 1.7-57.8) within a mean (± SD) follow-up period of 6 years (±1.6 

years) (Feenstra et al., 2002). This finding from the Rotterdam Study supports that use of 

NSAIDs is not significantly associated with a diagnosis of CHF, but is significantly 

associated with hospitalization due to heart failure for persons who already have CHF 

(Feenstra et al., 2002). Similarly, findings from Gislason et al. (2009) support that use of 

NSAIDs is significantly associated with an increased risk of heart failure-related 

hospitalization for persons with CHF (Feenstra et al., 2002; Gislason et al., 2009). 

 The CCS clinical guidelines strongly recommends against persons with CHF 

using NSAIDs (Ezekowitz et al., 2017). 

Patient counselling for healthy lifestyle choices 

Optimal management of CHF includes patient counselling; persons with CHF can 

learn about self-care when counselled by a healthcare professional (Koelling et al., 2005). 

Through counselling, patients can understand the significance of self-care practices like 

medication adherence, daily monitoring of sodium intake, and so on. Moreover, a 

substantial proportion of hospitalizations that occur in this patient population is attributed 
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to medication non-adherence—where the noncompliant behaviour may result from a lack 

of knowledge (Annema et al., 2009; Koelling et al., 2005). 

 Vinluan, Wittman, & Morisky, (2015) used a randomized, prospective, open trial 

to investigate whether persons with CHF aged 65 years and above had better medication 

adherence when they received either pharmacist counselling (i.e., intervention group) or 

regular care (i.e., control group), at discharge. In the intervention group, counselling was 

much more comprehensive and engaging than in the control group. This open trial 

showed that medication adherence was higher in the intervention group at day 30 (100% 

vs. 86%) and day 60 (100% vs. 83%). By day 90, the two groups were similar in terms of 

compliance (50% vs. 50%). The study showed that, at day 30, more patients were 

readmitted to hospital in the control group relative to the intervention group (0% vs. 

11%); however, at day 60, more patients were readmitted in the intervention group, 

relative to the control group (29% vs. 11 %). At day 90, the readmission rates were the 

same in both groups (0% vs. 0%).  

Vinluan et al. (2015) also reported information on mortality. At day 30, the 

mortality rate in intervention and control groups were 0% and 22% respectively. The 

mortality rate was 0% in both arms at day 60 and day 90 (Vinluan et al., 2015). Given 

that mortality was observed only in the control at Day 30, the higher hospitalization rate 

seen in the intervention group (i.e., the 29% vs. 11%) at day 60, could be due to the fact 

that the two comparison groups were not completely equal in terms of observable and 

unobservable prognostic factors after the control group (which is already small to start 

with) was short of two of subjects (due to death). 
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Findings from Vinluan et al. (2015) are congruent with previous findings from the 

study by Koelling et al. (2005) where persons with CHF were randomized to either 

standard discharge education (i.e., control group) or patient-targeted HF counselling in 

addition to the standard education (i.e., the intervention group). The relative risk of death 

or hospitalization in the intervention group was 0.66 (95% CI: 0.46 to 0.95, p=0.025) 

(Koelling et al., 2005).  

The Heart Failure Adherence and Retention Randomized Behavioral Trial 

(HART) was another trial that also investigated effect of counselling on mortality or 

hospitalization rate at follow-up (Powell et al., 2010). Unlike Vinluan et al. (2015) and 

Koelling et al. (2005), findings from the HART trial showed that counselling had no 

significant effect. This discrepancy could be explained by the different trials having 

different times to follow-up.  

Notwithstanding the mixed evidence for patient counselling, healthcare providers 

are advised to provide counselling to persons with CHF. The CCS clinical guidelines 

strongly endorses that persons with CHF receive counselling for lifestyle choices ranging 

from smoking cessation to preconception counselling for women with CHF (Ezekowitz et 

al., 2017). 

Chronic kidney disease 

Process of care indicators for chronic kidney disease in the primary care setting 

were recently established by Tu et al. (2017). The authors argued that, in Canadian 

primary care, CKD was receiving less attention than other health conditions (Tu et al., 

2017). Seventeen quality indicators were developed by Tu et al. (2017), and we 
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investigated four of these, namely, testing of (1) creatinine and (2) albumin-to-creatinine 

ratio; prescription of  (3) ACEIs (or ARBs) and (4) statins. Many—if not most—cases of 

chronic kidney disease are secondary to diabetes mellitus (Arora et al., 2013) and, 

therefore, many of the process measures for diabetes care are synonymous with CKD 

management. Herein, we present some evidence on the process-outcome link for CKD 

process measures; and these quality indicators are congruent with clinical guidelines of 

professional associations such as the Canadian Society of Nephrology (Levin et al., 

2008). 

Testing of creatinine and albumin-to-creatinine ratio 

The quantification of an individual’s eGFR (i.e., a measure of renal functioning) 

requires, among other things, measurement of their serum creatinine level ( Lewis, 2012; 

National Kidney Foundation, 2019a). A person’s albumin-to-creatinine ratio is a measure 

of the protein content in their urine, and ACR can be used to detect proteinuria, a 

condition characterized by abnormally high urinary protein; proteinuria is suggestive of 

nephropathy (National Kidney Foundation, 2019b). Thus creatinine testing and ACR 

quantification are care processes for monitoring CKD (Qaseem et al., 2013). Qaseem, 

Hopkins, Sweet, Starkey, & Shekelle (2013) stated that no RCT had been conducted to 

compare the prognostic effects of routinely monitoring CKD. Nonetheless, the Canadian 

Society of Nephrology recommends that individuals with CKD should be monitored for 

proteinuria (Levin et al., 2008). 

Prescription of angiotensin converting enzyme inhibitors or angiotensin II receptor 

blockers 
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Evidence from randomized controlled trials (RCTs) have shown that use of 

ACEIs or ARBs by persons with CKD results in favourable health outcomes (Lewis et 

al., 2001; Maschio et al., 1996). For instance, Maschio et al. (1996) investigated the 

effect of ACEIs on progression of renal insufficiency in persons with CKD, and the 

primary outcome of this RCT was time to ‘doubling of serum creatinine’, an indicator of 

decreasing eGFR, which, in turn, is suggestive of worsening kidney functioning 

(Lambers Heerspink et al., 2011). Kaplan-Meier estimates showed that, 26 of 180 (i.e., 

14%), and 42 of 176 (i.e., 24%) of subjects with moderate renal insufficiency, attained 

the primary outcome in the ACEI and placebo groups, respectively, within three years 

(p=0.01).  

Lewis et al. (2001) investigated the effect of ARBs on the progression of renal 

damage in persons who have type 2 diabetes, hypertension, and some form of 

nephropathy. Results showed that, in this study population, use ARBs—compared to 

placebo—was associated with a significantly (p=0.009) lower risk of doubling of serum 

creatinine (Relative risk=0.71, 95% CI: 0.54 - 0.92); the mean duration of follow-up was 

approximately 2.6 years (E. Lewis et al., 2001). Moreover, the Canadian Society of 

Nephrology recommends that persons with CKD—with or without diabetes—should be 

placed on ACEIs; if intolerance for ACEIs is evident, then ARBs should be 

recommended (Levin et al., 2008). 

Prescription of statins 

Fassett, Ball, Robertson, Geraghty, & Coombes (2008) investigated the effect of 

statins on the progression of renal disease for persons with CKD. The authors’ primary 
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outcome was rate of decline in eGFR (Fassett et al., 2008). Results from this RCT 

showed a trend where the statin drug was non-significantly associated with a slower rate 

of decline in eGFR (Fassett et al., 2010). However, a post-hoc analysis study found that, 

compared to dietary intervention alone, use of statins in addition to the nutritional control 

was significantly (p<0.01) associated with a lower risk of CVD development in persons 

with Stage 3 CKD and of Japanese ethnicity (HR=0.45, 95% CI: 0.30 – 0.69) (Nakamura 

et al., 2009). In addition, the Canadian Society of Nephrology recommends that persons 

with CKD be placed on statin therapy (Levin et al., 2008). 

No prescription of nonsteroidal anti-inflammatory drugs 

Nonsteroidal anti-inflammatory class of drugs are commonly used by the elderly 

population for pain relief (Chang et al., 2015; Gooch et al., 2007). Evidence on the 

association between NSAID use and decline in renal function is mixed as some studies 

support that the use of NSAIDs is harmful to renal health (Chang et al., 2015; Gooch et 

al., 2007), while other studies show that using NSAIDs is neither beneficial nor harmful 

to renal health (Curhan et al., 2004; Rexrode et al., 2001). In spite of the mixed evidence, 

expert opinion supports that the use of NSAIDs should be avoided for persons with CKD 

(Tu et al., 2017). 



71 

 

Chapter 3 

3 Quality of diabetes care in blended fee-for-service and blended capitation 

payment systems: evidence from Ontario, Canada  

A version of this chapter has been published as: Bamimore, M. A., Devlin, R. A., Zaric, 

G. S., Garg, A. X., & Sarma, S. (2020). Quality of diabetes care in blended fee-for-

service and blended capitation payment systems. Canadian Journal of Diabetes. 

https://doi.org/https://doi.org/10.1016/j.jcjd.2020.09.002 
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3.1  Introduction 

One goal of primary care reform in many developed countries is to improve the 

delivery of high quality patient care (Roland & Campbell, 2014). In Canada, the province 

of Ontario witnessed primary care reform in the early 2000’s, rolling out primary care 

models with various remuneration schemes for family physicians. Among such models 

are the blended FFS Family Health Group and the blended capitation Family Health 

Organization, introduced in 2003 and 2006, respectively (Sweetman & Buckley, 2014). 

Prior to the reform, over 90 per cent of family physicians in Ontario were paid through 

pure FFS (Sweetman & Buckley, 2014); today, most are paid either by blended FFS or by 

blended capitation. These new models are characterized by formal patient enrollment, the 

mandatory provision of after-hours care, and a variety of P4P schemes including the 

DMI. The DMI rewards physicians $60 per patient per annum for organizing, rendering 

and documenting care processes that meet the clinical guidelines of Diabetes Canada. 

Essential care services of the DMI include testing glycated hemoglobin, measuring lipid 

profile, screening for nephropathy, retinopathy, and prescribing statins (Diabetes Canada 

Clinical Practice Guidelines Expert Committee, 2018; Kantarevic & Kralj, 2013). 

 The evidence on the relationship between physicians’ remuneration and quality of 

diabetes care is mixed. The effect of P4P incentives on physicians’ provision of diabetes 

care is, by and large, inconclusive as some studies failed to find any effect (Chien et al., 

2012; Dimitrovová et al., 2020; Gupta & Ayles, 2019; Jaakkimainen et al., 2011; 

Lavergne et al., 2018; Pawaskar et al., 2010), while others found increases in diabetes-
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related services under P4P schemes (Chen et al., 2010; Kiran et al., 2014, 2015; A. Scott 

et al., 2009). 

Scott et al. (2009) used an Australian panel data set spanning 2002 to 2007, and 

found that general practitioners in the ‘Practice Incentive Program’ P4P scheme were 

20% more likely to order an HbA1c test for their patients with diabetes compared to 

physicians who are not in the program. In a similar vein, Chen et al. (2010) used a 

Hawaiian panel data set from 1999 to 2006, and found that persons with diabetes cared 

by P4P participating physicians were more likely to receive at least two HbA1c tests and 

one lipid assessment per year relative to non-P4P participating physicians. O’Connor et 

al. (2020) found P4P schemes improved quality of diabetes care in Ireland. A review by 

Gupta and Ayles (2019) found that, in Taiwan, P4P incentives increased physicians’ care 

continuity for persons with diabetes. This review also reported that P4P incentives were 

associated with a reduction in 5-year risk of all-cause mortality (Gupta & Ayles, 2019). A 

more recent paper again using Taiwanese data corroborated these findings (Kung et al., 

2020).  

Kontopantelis et al. (2013), using a pre-post analyses on patient-level data from 

148 UK primary care practices between 2000 and 2006, found that the quality of diabetes 

management improved after introduction of the Quality and Outcomes Framework (i.e., a 

P4P program) in 2004. In this study, care quality for diabetes was a composite score of 17 

indicators related to the management of diabetes; they found that the quality of care 

improved by 14.2% in the year this P4P was introduced; however, three years after, the 

magnitude of this improvement fell (Kontopantelis et al., 2013). 
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Not all of the literature has concluded that diabetes P4P measures improved care. 

Ryan, Krinsky, Kontopantelis, & Doran, (2016) found that P4P schemes did not impact 

mortality risk. Difference-in-differences analyses by Chien et al. (2012) found no 

improvement in diabetes care processes, including HbA1c testing and eye examination, 

after the introduction of the Hudson Health Plan, a P4P plan serving a region of New 

York (United States). A similar study from Colorado (United States) also found that the 

P4P scheme did not improve lipid testing or dilated eye exams (Rosenthal et al., 2016). 

Using 2000 to 2015 data from Portugal, Dimitrovová, Perelman and Serrano-Alarcón 

(2020) concluded that the addition of a P4P incentive for diabetes care did not reduce 

diabetes-related avoidable hospitalizations. Pawaskar et al. (2010) found that persons 

with diabetes under pure capitation payment plans were more likely to be hospitalized 

relative to those under pure FFS payment plans in the United States.  

 Three studies using data in Ontario are particularly relevant for our paper. 

Jaakkimainen et al. (2011) using administrative data from 2004 to 2007 reported no 

difference in the annual eye examination and prescription of statins between family 

physicians remunerated through blended FFS and blended capitation. By contrast, a 

cross-sectional study by Kiran et al. (2014) found that the likelihood of individuals with 

diabetes receiving eye examination, HbA1c testing and lipid measurement altogether was 

greater in blended capitation than in blended FFS. Kiran et al. (2015) found that patients 

with blended capitation physicians were more likely to get recommended tests for 

diabetes care.  
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The goal of our paper is to examine whether physicians switching from FHGs to 

FHOs behave differently when it comes to diabetes management. By using a longer 

follow-up, more outcome variables and sophisticated empirical methods, we contribute to 

the literature on the impact of physician remuneration on diabetes care. It is important, 

however, to understand why the FHG and FHO models may affect quality of care 

differently. Because capitated physicians receive a fixed payment per patient per time, 

they arguably have the financial flexibility to coordinate care and ensure continuity of 

care, leading us to hypothesize that physicians switching from the FHG to the FHO 

model would increase adherence to diabetes care. The health economics literature further 

suggests that blended capitation provides better incentives for primary care physicians 

than pure FFS for the efficient supply of health services (Christianson & Conrad, 2012; 

Eggleston, 2005; McGuire, 2011). In Ontario’s FHO, capitation adjusts for the age and 

sex of enrolled patients, but not comorbidity – meaning that ‘sicker’ individuals may be 

eschewed by capitated physicians (the ‘cream skimming’ phenomenon), which would 

mitigate against the positive incentive effects of capitation. Our empirical strategy 

controls the average health of patients in order to deal with this potential issue. Moreover, 

various P4P incentives and access bonus (incentive to ensure that enrolled patients do not 

seek in-basket services from physicians outside of the practice) are designed to attenuate 

cream-skimming behavior in FHOs.  

3.2 Methods 

Study design  
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We used a retrospective cohort study design, with observations between April 1st, 

2006 and March 31st, 2016. Our sample is comprised of physicians practicing in FHGs 

and FHOs, and their patients diagnosed with diabetes mellitus. At the baseline (April 1st, 

2006), all physicians were in FHGs; we defined a ‘switcher’ as a FHG physician who 

switched to a FHO at any point within the study period and remained in the FHO after 

switching. A ‘non-switcher’ is a FHG physician who remained in this model throughout 

the study period. We examined whether switching from FHG to FHO affected 

physicians’ behaviour in terms of six processes of care for diabetes management: HbA1c 

testing, lipid profile testing, nephropathy screening, eye examination, prescription of 

angiotensin converting enzyme inhibitors or angiotensin II receptor blockers, and 

prescription of statins. These indicators are consistent with Diabetes Canada clinical 

practice guidelines (Diabetes Canada Clinical Practice Guidelines Expert Committee, 

2018). We also investigated the impact of switching on  patients’ mortality risk score, and 

their risk of hospitalization for an ambulatory care sensitive condition (ACSC) related to 

diabetes; by definition, ACSCs are avoidable in persons aged below 75 years if 

ambulatory care is efficient (Canadian Institute for Health Information, 2020a). 

Data Sources 

All data were obtained from the ICES which houses numerous Ontario health 

administrative databases. Persons with diabetes mellitus were identified through the 

Ontario Diabetes Dataset (ODD), a validated database with a sensitivity and specificity of 

86.1% and 97.1%, respectively (Hux et al., 2002; Lipscombe & Hux, 2007). Although 

ODD excludes gestational diabetes, it does not distinguish between the type 1 and type 2 



77 

 

forms; most individuals identified in ODD would be type 2 since we included patients 

whose diagnosis of diabetes mellitus occurred at age 30 years or above (Kiran et al., 

2014). Patients enrolled to physicians in FHGs and FHOs were identified through the 

client agency program enrollment database. The ICES physician database and corporate 

provider database provided physician characteristics and their practice model. The 

registered persons database provided patient characteristics. The income quintile was 

based on the census dissemination area-level data (Statistics Canada, 2015). Laboratory 

testing and prescription services were identified using the Ontario Health Insurance Plan 

(OHIP) database and Ontario Drug Benefit claims database. 

Outcome Variables 

Outcome variables were defined for each year. Each of the six processes of care 

was quantified as a proportion using OHIP billing codes (Appendix Table A1.2). For the 

laboratory-based indicators (HbA1c testing, lipid assessment and nephropathy screening) 

and eye examination, the denominator value represented the total number of a physician’s 

patients with diabetes who were alive in the given year, and the numerator is a subset of 

the denominator population that received the respective process care at least once in that 

year. For the two drug-based indicators (ACEI/ARB, and statin prescription), the 

denominator was the total number of a physician’s patients who were alive and aged at 

least 65 years in the given year; the numerator represented the subset of the denominator 

population who filled the prescription at least once in the respective year.  

An individual’s mortality risk score corresponds to his/her one-year risk of all-

cause mortality based on the algorithm of Austin and Walraven. An ACSC 
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hospitalization due to diabetes refers to a hospital admission that occurs in persons aged 

below 75 years and is associated with a diabetes-related hospitalization (codes in 

Appendix Table A1.3). Appendix A contains detailed information on data sources and 

variable definitions.  

Statistical analyses 

All analyses were conducted at the physician-level, hence, all patient-level 

information were aggregated to the physician-level. We excluded physicians who were 

not present every year (e.g., retirees and new graduates were excluded), yielding a 

balanced panel of 2,120 physicians. Following previous research, physicians with fewer 

than 20 patients with diabetes were excluded to focus on physicians with a stable practice 

of patients with diabetes who are likely to be up to date with the best practices for 

diabetes management (Daneman et al., 2013).  

Since the choice to remain in a FHG, or switch to a FHO, was voluntary, 

switchers may be different from non-switchers leading to a selection bias that could 

influence the outcomes. We employed a two-stage estimation procedure to deal with 

selection bias. The first stage accounts for the differences between switchers and non-

switchers using an inverse-probability-weighted technique based on estimated propensity 

scores. This approach ensures that the two groups of physicians were similar in terms of 

their observable characteristics at baseline (i.e., before switching to FHO). The second 

stage estimates the impact of switching from FHG to FHO on processes of care for 

diabetes and related outcomes using inverse-probability-weighted fixed-effects 

regressions. This two-stage estimation approach has been employed in recent 
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publications to study the impact of reform on other outcomes (Kralj & Kantarevic, 2013; 

Sarma et al., 2018; Somé et al., 2019).  

Propensity score model 

We begin with estimating a propensity score model using a logistic regression. A 

general guideline is to include covariates in a propensity score model that are likely to be 

associated with both the outcome and exposure variable (Guo & Fraser, 2015; 

Rosenbaum & Rubin, 1983). Following the literature, we include: physicians’ expected 

income gain by switching from FHG to FHO and its squared term, age, international 

medical graduate status (graduates outside of Canada and the United States), group size, 

number of enrolled patients, physician sex, average age of patients in the physician’s 

practice, proportion of female patients in the practice, patients’ average comorbidity 

score based on the Johns Hopkins Aggregated Diagnosis Groups (ADG), proportion of 

patients from low income area, proportion of patients living in rural areas, and the 

outcome variables in the baseline year (Kantarevic et al., 2011; Kralj & Kantarevic, 2013; 

Sarma et al., 2018).  

 The estimated value of a FHG physician’s income after joining a FHO is the 

expected gain in income from switching. To assist FHG physicians in deciding whether 

to join a FHO, the Ministry of Health and Long-term Care provided them with an 

estimate of their potential gain in income (Kralj & Kantarevic, 2013; Sarma et al., 2018). 

The estimated income gain is based on the services a FHG physician provided to their 

enrolled and non-enrolled patients in the 12 months preceding April 1st, 2006. The 

estimated potential income in an FHO used the following: (i) income from capitation rate 
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of $144.08 multiplied by the age-sex modifier for enrolled patients as of April 1st 2006, 

(ii) income from shadow billing, which was 10% of FFS value for in-basket services in 

2006, (iii) income from providing out-of-basket services to both enrolled and non-

enrolled patients based on 100% of FFS value, (iv) income from the “hard cap” based on 

100% of FFS value for in-basket services to non-enrolled patients up to $47,500, and (v) 

special payments for providing hospital services, obstetrical care, home visits and 

prenatal care (Kralj & Kantarevic, 2013; Sarma et al., 2018). Out-of-basket services refer 

to services that are not under the capitation basket. Inclusion of the expected gain in 

income is a crucial variable in the propensity score model as this variable influences a 

FHG physician’s decision on whether or not switch to FHO. 

Once the propensity score model was estimated, we used the estimated propensity 

scores (“predicted probabilities”) to construct weights based on kernel matching. Since 

our objective is to estimate the effect of switching to a FHO, every switcher physician 

was given a weight of one and the non-switcher physicians were weighted based on the 

distance between their propensity scores and that of a switcher physician within a 

bandwidth of 0.06 (Garrido et al., 2014; Guo & Fraser, 2015). Physicians who did not fall 

within these criteria (i.e., outside the range of common support) were excluded. We used 

t-tests and the standardized bias to assess the balance of covariates (Harder et al., 2010). 

Finally, given that the misspecification of a propensity score model and covariate 

imbalance can result in biased estimates, we used two alternative weighting procedures as 

robustness checks: the covariate balancing propensity score (CBPS) (Imai & Ratkovic, 

2014) and entropy balancing (EB) weights (Hainmueller, 2012). 
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Fixed-effects regressions 

Fixed-effects regressions account for unmeasured time-invariant confounding by 

controlling for variations by physicians not captured by included covariates (Allison, 

2009; Wooldridge, 2010). For each of the eight quality indicators, we ran both 

unweighted and inverse-probability-weighted pooled and fixed-effects regressions; the 

weights were derived from kernel, CBPS and EB weighting. The process indicators were 

analysed using a random-effects model with group means, equivalent to a fixed-effects 

regression (Papke, 1996); mortality risk score, a continuous variable, was analyzed using 

a linear weighted fixed-effects regression (Sarma et al., 2018); and diabetes-related 

ACSC hospitalizations were analysed using a weighted fixed-effects Poisson regression. 

The equation below describes the linear fixed-effects regression: 

Yit = αi + δFHOit + βXit + εit.  

Here Yit represents the outcome variable of physician i in time period t, FHO is a dummy 

variable that takes a value of one if physician i switched to FHO at time t and zero if 

remained in FHG; δ is the estimated coefficient of interest capturing the effect of a 

physician’s switch to FHO on Y; Xit is the vector of covariates previously listed; αi 

captures unmeasured time-invariant physician-specific factors and εit is the error term. 

We use fractional years to account for the duration a switcher was in the FHO model 

during the first year of switch.  

Sub-group analyses were undertaken separately by sex of the physician, their age 

(below 55 and 55+ years at the baseline), and by four switching cohorts (2008-2009; 

2010-2011; 2012-2013; 2014-2015). The purpose of these subgroup analyses was to 
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identify whether the effect of switching to FHO was different across various sub-

populations of physicians. All analyses employed the statistical software Stata version 

15.1 (StataCorp, 2017). 

Ethics 

The use of data in this project was authorized under section 45 of Ontario’s 

Personal Health Information Protection Act, which does not require review by a Research 

Ethics Board. 

3.3 Results 

We observed 2,120 physicians over 10 years (21,200 physician-year 

observations): 1,291 switchers and 829 non-switchers; a simple flow chart for the 

derivation of the final sample size of physicians is depicted in Appendix B Figure B.0. 

Table B1.0 in Appendix B presents the mean values of explanatory and outcome 

variables for switchers and non-switchers across all years. Prior to kernel weighting, all 

covariates were significantly different between switchers and non-switchers except 

physician’s sex. Non-significant p-values, and a standardized bias of no greater than 7% 

were revealed for all covariates after weighting (Table 3.1). The robustness of these 

results was confirmed with CBPS and EB weights (Tables B1.1 and B1.2 in Appendix 

B). In addition, graphs of propensity scores as well as standardized difference in means 

and variance ratios confirmed reasonable covariate balance between the switchers and 

non-switchers after weighting (Figures B.1 and B.2 in Appendix B). 

Our inverse-probability-weighted fixed-effects estimates found that the marginal 

effects of switching to FHO increased a physician’s HbA1c testing, lipid assessment, 
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nephropathy screening and statin prescription, at least once a year, by 2.75% (95% CI: 

1.89%, 3.60%), 2.57% (CI: 1.72%, 3.44%), 2.76% (CI: 1.86%, 3.49%) and 1.08% (CI: 

0.56%, 1.69%), respectively. These results reveal substantially more patients receiving 

care from switchers: based on 2,131,830 total diabetes patient-year observations in FHOs 

in our data with 1,081,528 of them over 65 years, switching from FHG to FHO resulted 

in 58,625 (CI: 40,291, 76,745) more patients receiving HbA1c testing, 54,788 (CI: 

36,667, 73,121) more patients receiving lipid assessment, 58,838 (CI: 41,570, 76,106) 

more patients receiving nephropathy screening and 11,680 (CI: 5,515, 17,953) more 

patients receiving statin prescription over 10 years. On average, switchers’ patients had a 

0.197 lower mortality risk score (CI: -0.33, -0.060) (Table 3.2), suggesting that the risk of 

dying within one-year was reduced by approximately 0.0124% (CI: 0.0123%, 0.0126%) 

or 265 (CI: 262, 268) fewer total deaths in switchers’ patients. The risk of ACSC 

hospitalizations was not different between switchers’ and non-switchers’ patients (Table 

3.2). The corresponding results based on CBPS and EB weighted results were 

qualitatively similar. 

For physicians who were male, female, younger (aged below 55 in 2006), and 

older (aged 55+ years in 2006), switching to FHO was associated with more HbA1c 

testing, lipid assessments, nephropathy screening and statin prescriptions (Table 3.3, 

Tables B1.3-B1.6 in Appendix B). While the effect of switching to FHO was slightly 

higher in male physicians (3.0%) relative to females (1.7%) for HbA1c testing, lipid 

assessments (2.6% vs. 2.4%) and nephropathy screenings (2.9% vs. 2.4%), the respective 

confidence intervals overlapped (Table 3.3). Similarly, the effect of switching on statin 
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prescription was higher for females compared to males (1.4% vs. 1.0%), but the 

respective confidence intervals overlapped (Table 3.3). In the four subgroups of 

physicians (male, female, young and old), we found no difference for eye examinations 

and ACEI/ARB prescriptions (Table 3.3); except for female physicians, we found no 

difference in patients’ risk of ACSC hospitalizations. For female physicians, switching to 

FHO was associated with a decreased risk of ACSC hospitalizations (relative risk=0.610, 

CI: 0.403, 0.912) (Table 3.3), and this finding was corroborated by both CBPS and EB 

results (Table B1.4 in Appendix B). The effect of switching to FHO was associated with 

a statistically significant decrease in the mean mortality risk score of patients of male 

physicians and older physicians; the impact of switching to FHO on mortality risk score 

was non-significant for physicians who were female or younger (Table 3.3).   

Switching to FHO was associated with an increase in HbA1c testing, lipid 

assessment and nephropathy screening for both early and late switchers compared to non-

switchers. Though the effect on these three care processes was slightly greater for the 

early switchers, there was considerable overlap in the respective confidence intervals 

(Table 3.4, Table B1.7 in Appendix B). The impact of switching to the blended capitation 

model on statin prescription was associated with a significant increase only for early 

switchers; no effect was observed for late switchers, and these two groups of switchers 

were statistically similar for ACEI/ARB prescriptions and ACSC hospitalizations. The 

impact of switching to FHO was associated with a slight decrease in eye examinations 

only for late switchers between 2012 and 2013. Significantly lower mortality risk scores 
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for patients were found for early switchers and switchers between 2010 and 2011 (Table 

3.4, Table B1.7 in Appendix B).  

3.4 Discussion  

In Ontario, relative to those who remained in a FHG, family physicians who 

switched to the FHO model had an increase in HbA1c testing, lipid assessment, 

nephropathy screening, and statin prescription for individuals with diabetes. Patients of 

these switchers had a lower mortality risk compared to patients of physicians who 

remained in FHG. However, switchers and non-switchers were not different in terms of 

annual eye examinations, ACEI/ARB prescription and patients’ risk of ACSC 

hospitalizations. Patients of physicians who switched to FHO between 2012 and 2013 

had slightly fewer eye examinations than non-switchers’ patients; patients of female 

switchers, on average, had marginally lower ACSC hospitalizations relative to non-

switchers’ patients. We also implemented a before-and-after analysis using only the 

switchers’ data, and these results were in the similar direction with relatively higher 

effects compared to our main analysis (Table B1.8 in Appendix B).  

Our study has various strengths. Compared to previous literature, our 

identification strategy allows for stronger conclusions. For instance, the studies by Kiran 

et al. (2014) and Jaakkimainen et al. (2011) compared care quality in different payment 

models using cross-sectional regressions and did not account for time-invariant 

physician-specific confounding; nor did these studies address potential selection into 

physician practice models. Our two groups of practice models were based on similar 

observed characteristics and outcomes at the baseline; in our study, blended capitation 
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and blended FFS each constituted only one practice model, unlike Kiran et al. (2014) 

where, blended capitation included FHOs and Family Health Networks. Our longer 

follow-up period allowed physicians time to adjust to the new remuneration scheme, 

arguably capturing a more accurate measure of physicians’ behaviour in these models.  

 Our study has some limitations. Given that we conducted binary analyses for care 

processes (i.e., ‘no’ vs. ‘at least one’ HbA1c testing), our notion of quality—for the 

process measures investigated—essentially corresponded to the provision vs. non 

provision of care. Although laboratory services identified through OHIP include services 

provided in hospitals, it may not be captured completely. It is possible that some patients 

were given a laboratory requisition, but they did not follow through. For the prescription-

based process indicators, the information in the Ontario Drug Benefit database captures 

patients’ records of prescriptions filled by patients who are aged 65 years or older. It is 

possible, therefore, that a physician prescribed medications which the patient did not fill; 

moreover, we could not capture the prescriptions of those under 65 years of age (Cheung 

et al., 2017). A proportion of FHO physicians are also part of the family health team and 

the effects found in our study can be interpreted as the combined effect of blended 

capitation and team-based primary care. While process and outcome indicators are 

established metrics for measuring care quality (Ameh et al., 2017; Donabedian, 1988; 

Moore et al., 2015), they have limitations: more testing and prescriptions are not always 

synonymous with better care, and health outcomes such as risk of mortality and 

hospitalization can be influenced by factors beyond physician (life style choices and 

economic circumstances). Our identification strategy that combines propensity-score 
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based weights with fixed-effects regression cannot definitively confirm a causal effect of 

remuneration on quality of care because of the potential for residual confounding. 

Nonetheless, including the expected income gain of switching to FHO and its squared 

term along with a rich set of physician- and patient-characteristics in the propensity score 

model combined with the inverse-probability-weighted fixed-effects regressions arguably 

minimize the influence of residual confounding. 

Our work suggests important positive influences of P4P incentives for diabetes 

management in a blended capitation payment system, consistent with some of the 

findings of previous work. We can explain some of the discrepancies between our paper 

and those of other papers. For instance, our conclusions for eye examinations are 

inconsistent with Kiran et al. (2014); their study was based on data over two years (2006-

2008), while ours used a decade of data. Our inverse-probability-weighted strategy 

accounts for potential differences between the two groups before switching to FHO. 

Finally, policy-level factors can reconcile the discrepancy between Kiran et al. (2014) 

and our study. Prior to November 1st, 2004, retinal examinations were covered by the 

OHIP for Ontario residents of any age, but, after that date it was delisted with the 

exception of individuals with diabetes. The delisting of eye examination for non-diabetes 

patients was associated with unintended consequences of decline in eye examination for 

persons with diabetes (Kiran et al., 2013).  

In the absence of randomization, propensity score-based inverse-probability-

weighted fixed-effects regressions is a reasonable approach to identify associations that 

are closer to causal. With this identification strategy on a balanced panel of family 
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physicians spanning over a decade, our study provides stronger empirical evidence that 

the switching of Ontario’s family physicians from Family Health Groups to Family 

Health Organizations increased physicians’ adherence to many process measures for 

diabetes management. Future studies can use Ontario’s natural experiment setting to 

investigate the effect of physicians’ switching from a blended FFS to a blended capitation 

model on quality of care indicators for other patient populations. 
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Table 3.1  Means and standardized bias results before and after kernel weighting  

Covariate 

Means and standardized bias prior to kernel weighting Means and standardized bias after kernel weighting 

FHO FHG Bias t-statistic p-value FHO FHG Bias t-statistic 
p-

value 

Physicians’ characteristics 

Expected income gain (in 

thousand $) 
137.13 108.15 34.3 24.74 0 137.13 137.21 -0.1 -0.02 0.98 

(Expected income gain)2 25022 19737 17.1 12.19 0 25022 25294 -0.9 -0.23 0.82 

Age (years) 54.43 56.55 -23.2 -16.56 0 49.93 50.43 -5.5 -1.5 0.14 

Age2 3041.9 3283.5 -23.8 -17.01 0 2564.1 2614.2 -4.9 -1.49 0.14 

Female (proportion) 0.27 0.26 1.2 0.84 0.4 0.27 0.26 0.8 0.2 0.85 

IMG ( proportion) 0.13 0.22 -24.6 -17.92 0 0.13 0.13 -0.2 -0.05 0.97 

Group size 31.65 54.04 -35.1 -25.7 0 39.33 41.31 -3.1 -0.89 0.38 

Number of enrolled patients 1744.6 1856.3 -14.7 -10.7 0 1811.5 1802.1 1.2 0.33 0.75 

Patients’ characteristics 

Female (proportion) 0.52 0.51 4.8 3.44 0.01 0.52 0.52 0.8 0.19 0.85 

Rural areas (proportion) 0.11 0.06 28 19.26 0 0.11 0.11 -1.1 -0.22 0.83 

Average age (in years) 42.56 41.67 15.3 10.93 0 40.25 40.38 -2.2 -0.6 0.55 

Low income quintile 

(proportion) 
0.36 0.4 -26.6 -19.08 0 0.37 0.38 -2.9 -0.77 0.44 

Average  ADG 3.23 3.39 -38.7 -27.74 0 3.34 3.34 -0.8 -0.2 0.85 

Outcome variables 

HbA1c testing (proportion) 0.61 0.59 15 10.68 0 0.57 0.56 5.7 1.37 0.17 
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Lipid assessment 

(proportion) 
0.57 0.57 0.3 0.18 0.86 0.55 0.54 6.8 1.65 0.1 

Nephropathy screening 

(proportion) 
0.66 0.64 13.4 9.5 0 0.64 0.63 4.5 1.05 0.3 

Eye examination 

(proportion) 
0.05 0.05 -12.7 -9.11 0 0.05 0.05 1.4 0.37 0.72 

ACEI or ARB prescription 

(proportion) 
0.65 0.63 16 11.4 0 0.69 0.69 0.2 0.06 0.96 

Statin prescription 

(proportion) 
0.71 0.7 10.2 7.32 0 0.66 0.65 4.8 1.08 0.28 

Mortality risk score 51.03 49.98 23.6 17.15 0 49.72 49.84 -2.9 -0.74 0.47 

ACSC hospitalization 0.162 0.173 -2.3 -1.68 0.094 0.192 0.189 0.8 0.17 0.86 

Abbreviations: FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate, ADG: Aggregated Diagnosis 

Groups (Johns Hopkins), HbA1c: glycated hemoglobin, ACEI: Angiotensin converting enzyme inhibitors, ARB: Angiotensin II receptor blocker, 

ACSC: ambulatory care sensitive condition due to diabetes. 

FHO represents physicians who switched from FHG to FHO at any point within the observation period; FHG represents physicians who remained in a 

FHG model throughout the study period. 
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Table 3.2 Effect of switching to FHO on process of care and health outcomes for persons with diabetes mellitus 

Outcome variablea  Pooled Fixed-effects 

Unweighted Kernel Unweighted Kernel 

HbA1c testing (%) 

  

3.86*** 4.00*** 2.62*** 2.75*** 

(2.58 - 5.15) (2.23 - 5.77) (1.95 - 3.29) (1.89 - 3.60) 

Lipid assessment (%) 

  

3.09*** 4.25*** 2.67*** 2.57*** 

(1.85 - 4.32) (2.58 - 5.93) (2.00 - 3.34) (1.72 -3.43) 

Nephropathy screening (%) 

  

3.85*** 4.07*** 2.73*** 2.76*** 

(2.65 - 5.06) (2.36 - 5.78) (2.09 - 3.37) (1.95 - 3.57) 

Eye examination (%) 

  

-0.0912 0.412** 0.0196 -0.0622 

(-0.429 - 0.247) (0.0901 - 0.734) (-0.162 - 0.201) (-0.240 - 0.115) 

ACEI or ARB prescription (%) 

  

0.757** 0.251 -0.221 0.403 

(9.87e-03 - 1.50) (-0.635 - 1.14) (-0.730 - 0.288) (-0.199 - 1.01) 

Statin prescription (%) 

  

2.09*** 1.38*** 0.926*** 1.08*** 

(1.28 - 2.90) (0.397 - 2.36) (0.441 - 1.41) (0.508 - 1.66) 

Mean mortality risk score 

  

0.0628 -0.207 -0.384*** -0.197*** 

(-0.161 - 0.287) (-0.495 - 0.0806) (-0.497 - -0.270) (-0.334 - -0.0597) 

Risk ACSC hospitalization 

  

1.069 1.008 0.998 1.004 

(0.960 - 1.192) (0.883 - 1.151) (0.865 - 1.152) (0.850 - 1.186) 

Abbreviations: OLS: ordinary least squares, HbA1c: glycated hemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II 

receptor blocker, FHO: Family Health Organization; ACSC: ambulatory care sensitive condition, FHO: Family Health Organization 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses.  
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aThis table reports the average marginal effects of a physician’s switch from FHG to FHO on processes of care. For example, results show that 

switching from FHG to FHO increases a physician’s ordering at least one HbA1c test by 2.75% per physician per year. This table also reports patients’ 

risk of diabetes-related ACSC hospitalization and patients’ mean mortality risk score of those who switched from FHG to FHO. 
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Table 3.3 Effect of switching to FHO on process of diabetes care and patients’ health outcomes for various subgroups of physicians 

Outcome variablea 
Subgroup 

Male Female Younger Older 

HbA1c testing (%) 3.03*** 1.68** 2.08*** 3.67*** 
 

(2.01 - 4.06) (0.287 - 3.07) (0.983 - 3.19) (2.12 - 5.22) 

Lipid assessment (%) 2.59*** 2.38*** 2.26*** 3.00*** 
 

(1.58 - 3.60) (0.859 - 3.90) (1.14 - 3.37) (1.44 - 4.55) 

Nephropathy screening (%) 2.91*** 2.43*** 2.36*** 3.29*** 
 

(1.85 - 3.96) (1.02 - 3.84) (1.32 - 3.41) (1.80 - 4.78) 

Eye examination (%) -0..118 0.104 -0.142 0.0515 
 

(-0.323 - 0.0865) (-0.238 - 0.446) (-0.354 - 0.0702) (-0.260 - 0.363) 

ACEI or ARB prescription (%) 0.285 0.612 0.491 0.135 
 

(-0.382 - 0.951) (-0.742 - 1.97) (-0.273 - 1.26) (-0.823 - 1.09) 

Statin prescription (%) 0.942*** 1.40** 0.822** 1.41*** 
 

(0.311 - 1.57) (0.166 - 2.64) (0.0936 - 1.55) (0.516 - 2.31) 

Mean mortality risk score -0.252*** -0.069 -0.134 -0.321*** 
 

(-0.412 - -0.0920) (-0.331 - 0.193) (-0.306 - 0.0386) (-0.537 - -0.104) 

Risk of ACSC hospitalization  1.089 0.610** 0.991 1.055 

 
(0.910 - 1.304) (0.403 - 0.921) (0.799 - 1.229) (0.811 - 1.373) 

n 15,660 5,540 13,510 7,690 

Abbreviations: HbA1c: glycated hemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, FHO: Family 

Health Organization, ACSC: ambulatory care sensitive condition due to diabetes, n: physician-year observations. 

Notes: 

Only results from kernel weighted fixed effects regression are reported in this table 
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*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses.  

a  For the four subgroups of physicians, this table reports the average marginal effects of a physician’s switch from FHG to FHO on processes of care. 

This table also reports patients’ risk of diabetes-related ACSC hospitalization and patients’ mean mortality risk score under the four subgroups of 

switchers and non-switchers. 
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Table 3.4 Effect of switching to FHO on process of diabetes care and patients’ health outcomes for different cohorts of switchers  

Outcome variablea switched between 2008 

and 2009 

switched between 2010 

and 2011 

switched between 2012 

and 2013 

switched between 2014 

and 2015 

HbA1c testing (%) 2.70*** 1.30*** 2.07*** 0.552 
 

(1.98 - 3.41) (0.472 - 2.13) (0.857 - 3.29) (-1.68 - 2.78) 

Lipid assessment (%) 2.88*** 1.20*** 1.18* 0.314 
 

(2.13 - 3.63) (0.339 - 2.07) (-0.129 - 2.49) (-2.06 - 2.69) 

Nephropathy screening 

(%)b 

2.60*** 

(1.89 - 3.30) 

1.51*** 

(0.727 - 2.29) 

  

Eye examination (%) -0.081 -0.242 -0.455*** 0.313 
 

(-0.269 - 0.107) (-0.536 - 0.0509) (-0.748 - -0.162) (-0.0869 - 0.713) 

ACEI or ARB 

prescription (%) 

-0.0265 

(-0.561 - 0.508) 

0.11 

(-0.535 - 0.755) 

0.106 

(-0.719 - 0.932) 

0.791 

(-0.352 - 1.93) 

Statin prescription (%) 1.51*** 0.336 -0.683 -0.403 
 

(1.03 - 1.99) (-0.261 - 0.934) (-1.50 - 0.132) (-1.35 - 0.545) 

Mean mortality risk score -0.375*** -0.364*** -0.159 0.0853 
 

(-0.503 - -0.247) (-0.514 - -0.214) (-0.373 - 0.0542) (-0.179 - 0.350) 

Risk of ACSC 

hospitalization  
 

1.089 

(0.910 - 1.302) 

0.923 

(0.699 - 1.218) 

1.158 

(0.700 - 1.917) 

0.977 

(0.369 - 2.588) 

n 19,071 11,410 5,840 2,991 
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Abbreviations: HbA1c: glycated hemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, FHO: Family 

Health Organization, ACSC: ambulatory care sensitive condition, n: sample size 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses.  

-Only results from kernel weighted fixed effects regression are reported in this table. 

a This table reports the average marginal effects of a physician switching from FHG to FHO in each cohort of switchers on processes of care relative to 

non-switchers. This table also reports patients’ risk of diabetes-related ACSC hospitalizations and patients’ mean mortality risk of each cohort of 

switchers relative to non-switchers. 

b Estimates for nephropathy screening could not be computed for physicians who switched as of 2012 because the main independent variable predicted 

outcome perfectly. 
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Appendix A (for Chapter 3) 

A1.1 Schematic for creation of study population 
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A1.2 Data sources for variables 

The Client Agency Program Enrollment (CAPE) database records patients registered with a physician who practices in any of the 

patient enrolment models (Glazier et al., 2012); we used CAPE to identify patients who are either enrolled with a FHG or FHO 

physician. We used the Ontario Diabetes Dataset to identify individuals diagnosed with diabetes mellitus; ODD is a registry of 

Ontarians diagnosed with diabetes mellitus since 1991. The algorithm for identifying individuals with diabetes in the ODD is the 

occurrence of the following within two years: at least one hospital discharge with a diabetes diagnosis or at least two physician service 

claims with a diabetes diagnosis. ODD had been validated and has a sensitivity of 86.1%, a specificity of 97.1% and a positive 

predictive value of 80% (Hux et al., 2002; Lipscombe & Hux, 2007). While ODD excludes individuals with gestational diabetes, ODD 

does not distinguish between type 1 and type 2 diabetes mellitus; nevertheless, the vast majority of individuals identified in ODD 

would be persons with type 2 diabetes (Kiran et al., 2014). Demographic information, such as sex, date of birth, and payment model 

type for primary care physicians are obtained from the Corporate Provider Database (CPDB) (Lofters et al., 2013; Ontario Ministry of 

Health and Long Term Care, 2017). The Canadian Institute for Health Information - Hospital Discharge Abstract Database (CIHI-

DAD or simply DAD) contains clinical and administrative inpatient information for individuals who are discharged from hospitals. As 

of 2002, DAD uses the 10th revision of the International Classification of Diseases (ICD-10) (Gandhi, 2016; Glazier et al., 2012). We 

used DAD for identifying ACSC hospitalizations due to diabetes mellitus. The ICES Physician Database (IPDB) contains encrypted 

physician numbers, yearly demographic information, and some practice characteristics on all physicians in Ontario. We used IPDB to 

identify physicians’ characteristics, including age, sex, year of graduation, and country of medical education (i.e., international 
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medical graduate or Canadian medical graduate). The Canadian Institutes for Health Information-National Ambulatory Care 

Reporting System (CIHI-NACRS or simply NACRS) contains information on outpatient visits to hospital and community-based 

ambulatory care facilities such as emergency departments (Gandhi, 2016; Glazier et al., 2012). We used information from OHIP, 

DAD and NACRS for mortality risk score. The Ontario Drug Benefit Claims Database (ODB) contains claims data for prescription 

medications covered by the Ontario Drug Benefit Program, which is a provincial program that provides coverage for various 

prescription medications to Ontarians aged 65 years and above, as well as to social assistance recipients (Gandhi, 2016). We used 

ODB for identifying prescription-based process measures (i.e., ACEI/ARB and statin prescriptions). The Ontario Health Insurance 

Plan Database contains claims data of all insured services provided by licensed healthcare providers (including primary care 

physicians) to Ontario residents eligible for the provincial healthcare coverage. Information recorded under OHIP includes the type of 

service provided, the person who provided the service, the person who received the service, the date the service was provided, and the 

fee code(s) associated with the service (Gandhi, 2016; Glazier et al., 2012). We used OHIP to identify laboratory-based process 

measures (i.e., HbA1c testing, lipid assessment, nephropathy screening and eye examination). The Registered Persons Database 

(RPDB) is a registry that houses demographic information for Ontarians with provincial healthcare coverage; the information includes 

individuals’ sex, date of birth, and date of death (Gandhi, 2016; Glazier et al., 2012). We used RPDB to identify patients’ 

characteristics, including age and sex. Postal codes from the RPDB is used to obtain census dissemination area level income quantile. 
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Table A1.1 Eligible patient population and outcome for quality indicators 

Quality indicator 

 

Eligible patient population  

(i.e., denominator) 

Outcome (i.e., numerator) 

 

HbA1c testing 

 

For each year, only include patients 

diagnosed with diabetes and who are 

alive in that year 

For each year, include patients who received 

HbA1c testing at least once 

Data sources: ODD, RPDB, OHIP 

Lipid assessment 

  

 

For each year, only include patients 

diagnosed with diabetes and who are 

alive in that year 

 

For each year, include patients who received 

testing for lipid profile at least once 

Data sources: ODD, RPDB, OHIP 

Nephropathy screening 

For each year, only include patients 

diagnosed with diabetes and who are 

alive in that year 

 

For each year, include patients who received 

ACR testing and creatinine testing at least 

once 

Data sources: ODD, OHIP, RPDB 

Eye examination 

 

For each year, only include patients 

diagnosed with diabetes and who are 

alive in that year 

 

For each year, include patients who had 

retinal eye examination done at least once 

Data sources: ODD, OHIP,RPDB 

Prescription of ACEI or 

ARBs 

 

For each year, only include patients 

diagnosed with diabetes and who are 

alive in that year. Also, only include 

patients who are aged 65 years or older 

 

 

For each year, include patients who received 

a prescription for ACEI or ARB at least 

once 

Data sources: ODD, ODB, RPDB 
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Prescription of statins 

 

For each year, only include patients 

diagnosed with diabetes and who are 

alive in that year. Also, only include 

patients who are aged 65 years or older 

 

 

For each year, include patients who received 

a statin prescription at least once 

Data sources: ODB, ODD, RPDB 

Risk of hospitalization for 

diabetes mellitus as an 

ambulatory care sensitive 

condition (ACSC) 

 

For each year: 

-identify inpatients records from acute care hospitals with diabetes as the most 

responsible diagnosis 

-only include diabetes patients who are below 75 years of age 

-only include diabetes patients who are alive within that year 

  
Data sources: DAD, NACRS, ODD 

Mortality risk score 

 

For each year, calculate patients’ mortality risk score as per the algorithm by Austin 

and Walraven (2011) (Austin & Walraven, 2011) 

Data Sources: RPDB, OHIP, DAD, NACRS 

Abbreviations: CAPE: Client Agency Program Enrollment Registry, CPDB: Corporate Provider Database, DAD: 

Canadian Institute for Health Information - Hospital Discharge Abstract Database, ICES: Institute for Clinical 

Evaluative Sciences, IPDB: ICES Physician Database, NACRS: National Ambulatory Care Reporting System, ODB: 

Ontario Drug Benefit Claims Database, ODD: Ontario Diabetes Dataset, OHIP: Ontario Health Insurance Plan 

Database, RPDB: Registered Persons Database, ACSC: ambulatory care sensitive condition, HbA1c: glycated 

haemoglobin, ACR: albumin-to-creatinine ratio, ACEI: Angiotensin converting enzyme inhibitor, ARB: Angiotensin 

II receptor blockers 

Notes: 

The first six outcomes were quantified as proportions; avoidable diabetes-related hospitalizations (i.e., the seventh 

outcome variable) were quantified as counts, and mortality risk score (i.e., the eighth outcome variable) were 

quantified as means. 
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Table A1.2 Codes for identifying diabetes process measures 

Variable Code(s)* 

HbA1c testing L093 

Lipid testing L055, L117, L243 

Nephropathy screening: creatinine testing L065,L067,L068 

Nephropathy screening: ACR testing G009, G010, L253, L254 

Eye examination V406, A234, A233, V409, A235, V404, A112, A115, A239, A236, 

G460, A110, A252, A254, A230, A237, G461, A250, A111, A114 

Note: 

 *The code(s) correspond to fee codes in the Ontario Health Insurance Plan (OHIP) database 

Abbreviation: ACR: Albumin-to-Creatinine Ratio, HbA1c: glycated hemoglobin 
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Table A1.3 ICD-10-CA codes for ACSC hospitalization due to diabetes mellitus 

Codes E10.0, E10.1^, E.10.9, E11.9, E13.0, E13.9, E14.0, E14.63, E14.9, E11.0^, E11.1^, E13.0^, E13.1^, 

E14.0^, E14.1^, E10.2^,  E10.3^, E10.4^, E10.5^, E10.6^, E10.7^, E11.2^, E11.3^, E11.4^, E11.5^, 

E11.6^, E11.7^, E13.2^, E13.3^, E13.4^, E13.5^, E13.6^, E13.7^, E14.2^, E14.3^, E14.4^, E14.5^, 

E14.6^, E14.7^ 

Abbreviation: ICD-10-CA: International Classification of Diseases and Related Health Problems (10th edition), Canada, ACSC: 

ambulatory care sensitive condition.  

References: https://www150.statcan.gc.ca/n1/pub/82-622-x/2011007/definition-eng.htm , 

http://cmajopen.ca/content/suppl/2017/10/06/5.4.E746.DC1/2017-0007-2-at.pdf  

https://www150.statcan.gc.ca/n1/pub/82-622-x/2011007/definition-eng.htm
http://cmajopen.ca/content/suppl/2017/10/06/5.4.E746.DC1/2017-0007-2-at.pdf
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Appendix B (for Chapter 3) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of switchers and non-switchers across the observation period of 10 

years =  3,716 

All 3,716 physicians are in the Family Health Group model at the baseline. 

Overtime, 1,942 of 3716 physicians switched to Family Health Organization and 

remained in a FHO. 

 

Analyses were conducted on a balanced panel; only physicians present in every year 

were included; also only physician with a minimum of 20 eligible patients for the 

receipt of lab-based and prescription-based indicators were included. Thus, 1596 

physicians were excluded to achieve a balanced panel with each physician having at 

least 20 patients. 

There are 2,120 physicians present in every year, and all of them within the range of 

common support.  There are 829 and 1291 non-switchers and switchers, respectively.  

 

Figure B.0 Simple schematic for derivation of final sample size 
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Table B1.0 Mean values of outcome and explanatory variables for the switchers (n= 1,291) and non-switchers (n= 829)  

Variable  Switcher  2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Outcome variables 

HbA1c testing 

  
0 0.548 0.555 0.579 0.585 0.593 0.596 0.578 0.593 0.596 0.59 

1 0.563 0.57 0.592 0.603 0.617 0.621 0.606 0.625 0.634 0.63 

Lipid 

assessment 

  

0 0.557 0.563 0.57 0.571 0.58 0.576 0.546 0.557 0.556 0.542 

1 0.545 0.553 0.563 0.571 0.583 0.583 0.551 0.563 0.563 0.548 

Nephropathy 

screening 

  

0 0.627 0.629 0.64 0.642 0.647 0.648 0.627 0.637 0.634 0.627 

1 0.631 0.637 0.647 0.658 0.67 0.676 0.655 0.666 0.667 0.663 

Eye 

examination 

  

0 0.059 0.054 0.051 0.048 0.049 0.046 0.043 0.043 0.042 0.043 

1 0.049 0.045 0.045 0.043 0.043 0.041 0.038 0.039 0.037 0.038 

ACEI or ARB 

prescription 

  

0 0.66 0.66 0.652 0.641 0.641 0.621 0.607 0.6 0.591 0.585 

1 0.682 0.68 0.67 0.656 0.653 0.636 0.622 0.616 0.607 0.604 

Statin 

prescription 

  

0 0.636 0.66 0.679 0.695 0.708 0.712 0.712 0.717 0.718 0.722 

1 0.654 0.681 0.696 0.712 0.72 0.723 0.721 0.721 0.722 0.724 

Mortality risk 

score 

  

0 48.39 48.59 48.91 49.27 49.63 50 50.37 50.86 51.47 52.3 

1 49.72 49.83 50.09 50.44 50.67 51.08 51.4 51.77 52.26 53.09 

ACSC 

hospitalization   

0 0 0.179 0.174 0.141 0.195 0.189 0.193 0.187 0.162 0.141 

1 1 0.192 0.160 0.136 0.182 0.161 0.175 0.139 0.143 0.177 

Physician characteristics a 

Age (in years) 
0 52.042 53.042 54.042 55.042 56.042 57.042 58.042 59.042 60.042 61.042 

1 49.925 50.925 51.925 52.925 53.925 54.925 55.925 56.925 57.925 58.925 

Female 

(proportion) 

0 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 0.259 

1 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264 0.264 

Group size 0 50.057 50.016 62.162 64.868 62.956 56.536 52.222 50.489 46.602 44.441 
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1 39.323 39.313 49.644 47.059 39.138 25.316 21.216 20.8 17.88 16.808 

IMG 

(proportion) 

0 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 0.22 

1 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 0.128 

Number of 

enrolled 

patients 

0 1858 1930 1938 1932 1895 1870 1843 1800 1772 1731 

1 1812 1864 1861 1811 1772 1739 1703 1665 1634 1591 

Patients’ characteristics 

Female 

(proportion) 

0 0.514 0.512 0.51 0.508 0.506 0.505 0.504 0.504 0.503 0.501 

1 0.516 0.514 0.513 0.513 0.512 0.511 0.511 0.51 0.509 0.507 

Rural 

(proportion) 

0 0.052 0.051 0.051 0.051 0.051 0.051 0.052 0.052 0.052 0.053 

1 0.103 0.102 0.102 0.102 0.101 0.101 0.101 0.101 0.101 0.101 

Mean age (in 

years) 

0 39.317 39.795 40.301 40.769 41.276 41.829 42.406 43.056 43.645 44.228 

1 40.25 40.677 41.129 41.69 42.213 42.777 43.358 43.953 44.504 45.036 

Low income 

quintile 

(proportion) 

0 0.41 0.403 0.398 0.394 0.391 0.389 0.387 0.386 0.383 0.377 

1 0.366 0.362 0.357 0.354 0.35 0.349 0.348 0.347 0.345 0.339 

ADG 

0 3.411 3.38 3.315 3.382 3.418 3.407 3.451 3.394 3.354 3.388 

1 3.337 3.295 3.23 3.279 3.268 3.232 3.243 3.149 3.103 3.121 

Abbreviations: IMG: International Medical Graduate, ADG: Aggregated Diagnosis Groups (Johns Hopkins), ACSC: ambulatory 

care sensitive condition, HbA1c: glycated haemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II 

receptor blocker 

Notes: 

0=non-switchers, 1=switchers 
a Expected income gain for switchers and non-switchers, in 2006, were 137,133 and 108,148 dollars, respectively  
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Table B1.1 Results from Covariate Balancing Propensity Score weighting 

Means and standardized bias after CBPS weighting 
 FHO FHG Bias reduction t--statistic p-value 

Physician’s characteristics 

Expected income gain (in thousand $) 137.13 137.13 100 0 1 

(Expected income gain)2 25022 25022 100 0 1 

Age (years) 49.924 49.924 100 0 1 

Age2 2564.1 2564.1 100 0 1 

Female (%) 0.26336 0.26336 100 0 1 

IMG (%) 39.322 39.322 100 0 1 

Group size 0.12703 0.12703 100 0 1 

Number of enrolled patients 1811.5 1811.5 100 0 1 

Patients’ characteristics 

Female (%) 0.51563 0.51563 100 0 1 

Rural areas (%) 0.10259 0.10259 100 0 1 

Average age (in years) 40.249 40.249 100 0 1 

Low income quintile (%) 0.36592 0.36593 100 0 1 

Average ADG 3.3363 3.3363 100 0 1 

Outcome variables 

HbA1c testing 0.56204 0.56204 100 0 1 

Lipid assessment 0.54453 0.54453 100 0 1 

Nephropathy screening 0.63066 0.63066 100 0 1 

Eye examination 0.04893 0.04893 100 0 1 

ACEI or ARB prescription 0.68157 0.68157 100 0 1 

Statin prescription 0.65352 0.65352 100 0 1 

Mortality risk score 49.711 49.711 100 0 1 

ACSC hospitalization due to diabetes 0.192 0.192 100 0 1 
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Abbreviations: FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate, ADG: Aggregated Diagnosis Groups 

(Johns Hopkins), ACSC: ambulatory care sensitive condition, CBPS: covariate balancing propensity score, HbA1c: glycated haemoglobin, ACEI: angiotensin 

converting enzyme inhibitor, ARB: angiotensin II receptor blocker 

FHO represents physicians who switched from FHG to FHO at any point within the observation period; FHG represents physicians who remained in a FHG 

model throughout the observation period. 
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Table B1.2 Results from Entropy Balancing weighting 

Means and standardized bias after EB weighting 
 FHO FHG Bias reduction t-statistic p-value 

Physician’s characteristics 

Expected income 

gain (in thousand $) 
137.13 137.14 100 0 0.997 

(Expected income 

gain)2 
25022 25022 100 0 1 

Age (years) 49.924 49.925 100 0 0.998 

Age2 2564.1 2564.2 100 0 0.998 

Female (%) 0.26336 0.26323 97.5 0.01 0.994 

IMG (%) 39.322 39.323 100 0 1 

Group size 0.12703 0.12696 99.9 0.01 0.995 

Number of enrolled 

patients 
1811.5 1811.6 99.9 0 0.999 

Patients’ characteristics 

Female (%) 0.51563 0.51564 99.6 0 0.998 

Rural areas (%) 0.10259 0.10259 100 0 1 

Average age (in 

years) 
40.249 40.25 99.9 0 0.997 

Low income quintile 

(%) 
0.36592 0.36593 100 0 0.999 

Average AGD 3.3363 3.3364 99.9 0 0.997 

Outcome variables 

HbA1c testing 0.56204 0.56205 99.9 0 0.999 

Lipid assessment 0.54453 0.54454 99.9 0 0.999 

Nephropathy 

screening 
0.63066 0.63067 99.7 0 0.999 

Eye examination 0.04893 0.04893 100 0 1 

ACEI or ARB 

prescription 
0.68157 0.68158 99.9 0 0.997 
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Statin prescription 0.65352 0.65354 99.9 0 0.998 

Mortality risk score 49.711 49.712 99.9 -0.01 0.995 

ACSC hospitalization 

due to diabetes 
0.192 0.192 100 0 1 

Abbreviations:  FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate, ADG: Aggregated 

Diagnosis Groups (Johns Hopkins), EB: entropy balancing, HbA1c: glycated haemoglobin, ACEI: Angiotensin converting enzyme inhibitor, 

ARB: Angiotensin II receptor blockers 

FHO represents physicians who switched from FHG to FHO at any point within the observation period; FHG represents physicians who 

remained in a FHG throughout the observation period. 
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Figure B.1 Distribution of propensity scores before and after kernel weighting. 
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Figure B.2 Standardized mean difference and variance ratio for covariates from the unmatched 

(i.e., raw) and matched samples. 

Abbreviations: IMG: International Medical Graduate, ADG: Aggregated Diagnosis Groups 

(Johns Hopkins), HbA1c: glycated hemoglobin, ACEI: Angiotensin converting enzyme 

inhibitors, ARB: Angiotensin II receptor blocker, ACSC: ambulatory care sensitive condition 
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Table B1.3 Effect of switching to FHO on process of diabetes care and patients’ health outcomes, for male physicians 

Outcome Variable Unweighted Kernel CBPS EB 

HbA1c testing 

  

0.0248*** 0.0259*** 0.0261*** 0.0256*** 

 
(0.0168 - 0.0327) (0.0158 - 0.0360) (0.0159 - 0.0363) (0.0140 - 0.0373) 

Lipid assessment 

  

0.0248*** 0.0259*** 0.0261*** 0.0256*** 

 
(0.0168 - 0.0327) (0.0158 - 0.0360) (0.0159 - 0.0363) (0.0140 - 0.0373) 

Nephropathy screening 

  

0.0266*** 0.0291*** 0.0284*** 0.0305*** 

 
(0.0184 - 0.0348) (0.0185 - 0.0396) (0.0179 - 0.0389) (0.0180 - 0.0430) 

Eye examination 

  

-0.000222 -0.00118 -0.000974 -0.000351 

 
(-0.00227 - 0.00183) (-0.00323 - 0.000865) (-0.00301 - 0.00107) (-0.00265 - 0.00195) 

ACEI or ARB prescription 

  

-0.00439 0.00285 0.0037 0.00688* 

 
(-0.0101 - 0.00131) (-0.00382 - 0.00951) (-0.00300 - 0.0104) (-0.000370 - 0.0141) 

Statin prescription 

  

0.00815*** 0.00942*** 0.00994*** 0.0114*** 

 
(0.00279 - 0.0135) (0.00311 - 0.0157) (0.00377 - 0.0161) (0.00400 - 0.0188) 

Mortality risk score 

  

-0.425*** -0.252*** -0.211** -0.346*** 

 
(-0.556 - -0.293) (-0.412 - -0.0920) (-0.403 - -0.0199) (-0.510 - -0.182) 

ACSC hospitalization due to 

diabetes 

  

1.081 

(0.926 - 1.262) 

1.089 

(0.910 - 1.304) 

1.115 

(0.931 - 1.336) 

1.098 

(0.884 - 1.365) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses; effects and 

corresponding 95% CI are reported as proportions.  

Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: 
Family Health Organization; ACSC: ambulatory care sensitive condition, FHO: Family Health Organization, HbA1c: glycated haemoglobin, 

ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 
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Table B1.4 Effect of switching to FHO on process of diabetes care and patients’ health outcome, for female physicians 

Outcome variable Unweighted Kernel CBPS EB 

HbA1c testing 0.0190*** 0.0168** 0.0160** 0.0223*** 
 

(0.00650 - 0.0316) (0.00287 - 0.0307) (0.00213 - 0.0299) (0.00736 - 0.0372) 

Lipid assessment 0.0307*** 0.0238*** 0.0238*** 0.0277***  
(0.0188 - 0.0426) (0.00859 - 0.0390) (0.00914 - 0.0385) (0.0139 - 0.0416) 

Nephropathy screening 0.0297*** 0.0243*** 0.0239*** 0.0289***  
(0.0181 - 0.0413) (0.0102 - 0.0384) (0.0102 - 0.0376) (0.0159 - 0.0420) 

Eye examination 0.00169 0.00104 0.00129 -0.00105  
(-0.00195 - 0.00533) (-0.00238 - 0.00446) (-0.00220 - 0.00478) (-0.00615 - 0.00404) 

ACEI or ARB prescription 

  

0.00347 

(-0.00745 - 0.0144) 

0.00612 

(-0.00742 - 0.0197) 

0.0059 

(-0.00764 - 0.0194) 

-0.00322 

(-0.0303 - 0.0238) 

Statin prescription 0.0115** 0.0140** 0.0145** 0.0166**  
(0.000954 - 0.0221) (0.00166 - 0.0264) (0.00218 - 0.0268) (0.00382 - 0.0294) 

Mortality risk score -0.285** -0.069 -0.108 0.0685  
(-0.515 - -0.0540) (-0.331 - 0.193) (-0.367 - 0.151) (-0.357 - 0.494) 

ACSC hospitalization due 

to diabetes 

0.612** 

(0.417 - 0.897) 

0.610** 

(0.403 - 0.921) 

0.621** 

(0.413 - 0.932) 

0.608** 

(0.406 - 0.910) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses; effects 

and corresponding 95% CI are reported as proportions. Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate 

balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; ACSC: ambulatory care sensitive condition, 

FHO: Family Health Organization, HbA1c: glycated haemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II 

receptor blocker 
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Table B1.5 Effect of switching to FHO on process of diabetes care and patients’ health outcome, for physicians aged below 

55 years 

Outcome variable Unweighted Kernel CBPS EB 

HbA1c testing 0.0184*** 0.0208*** 0.0196*** 0.0235***  
(0.00988 - 0.0268) (0.00983 - 0.0319) (0.00860 - 0.0306) (0.0129 - 0.0342) 

Lipid assessment 0.0225*** 0.0226*** 0.0217*** 0.0237***  
(0.0138 - 0.0311) (0.0114 - 0.0337) (0.0103 - 0.0332) (0.0126 - 0.0349) 

Nephropathy screening 0.0222*** 0.0236*** 0.0222*** 0.0278***  
(0.0140 - 0.0304) (0.0132 - 0.0341) (0.0116 - 0.0329) (0.0173 - 0.0382) 

Eye examination -0.00111 -0.00142 -0.00132 -0.00162  
(-0.00321 - 

0.000997) 

(-0.00354 - 

0.000702) 

(-0.00346 - 

0.000821) 

(-0.00432 - 0.00108) 

ACEI or ARB prescription -0.00245 0.00491 0.00464 0.00272  
(-0.00867 - 0.00377) (-0.00273 - 0.0126) (-0.00300 - 0.0123) (-0.00958 - 0.0150) 

Statin prescription 0.00569* 0.00822** 0.00820** 0.0115***  
(-0.000380 - 0.0118) (0.000936 - 0.0155) (0.00103 - 0.0154) (0.00350 - 0.0194) 

Mortality risk score -0.314*** -0.134 -0.0885 -0.116  
(-0.453 - -0.175) (-0.306 - 0.0386) (-0.287 - 0.110) (-0.331 - 0.0998) 

ACSC hospitalization due to 

diabetes 

0.952 

(0.793 - 1.143) 

0.991 

(0.799 - 1.229) 

1.038 

(0.836 - 1.290) 

1.043 

(0.810 - 1.343) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in 

parentheses ; effects and corresponding 95% CI are reported as proportions.Abbreviations: OLS: ordinary least squares, FE: 

fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

ACSC: ambulatory care sensitive condition, FHO: Family Health Organization, HbA1c: glycated haemoglobin, ACEI: 

angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 
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Table B1.6 Effect of switching to FHO on process of diabetes care and patients’ health outcome, for physicians aged 55 

years and above 

Outcome variable Unweighted Kernel CBPS EB 

HbA1c testing 0.0376*** 0.0367*** 0.0384*** 0.0433***  
(0.0255 - 0.0498) (0.0212 - 0.0522) (0.0233 - 0.0536) (0.0229 - 

0.0637) 

Lipid assessment  0.0340*** 0.0300*** 0.0320*** 0.0328***  
(0.0218 - 0.0462) (0.0144 - 0.0455) (0.0168 - 0.0471) (0.0136 - 

0.0520) 

Nephropathy screening  0.0342*** 0.0329*** 0.0331*** 0.0338***  
(0.0226 - 0.0459) (0.0180 - 0.0478) (0.0185 - 0.0477) (0.0141 - 

0.0535) 

Eye examination  0.00205 0.000515 0.000774 0.00193  
(-0.00125 - 0.00536) (-0.00260 - 

0.00363) 

(-0.00236 - 0.00391) (-0.00154 - 

0.00541) 

ACEI or ARB prescription  -0.00239 

(-0.0113 - 0.00649) 

0.00135 

(-0.00823 - 

0.0109) 

0.00319 

(-0.00617 - 0.0126) 

0.00776 

(-0.00162 - 

0.0171 

Statin prescription  0.0150*** 0.0141*** 0.0158*** 0.0150***  
(0.00690 - 0.0230) (0.00516 - 0.0231) (0.00702 - 0.0245) (0.00422 - 

0.0259) 

Mortality risk score  -0.518*** -0.321*** -0.381*** -0.463***  
(-0.711 - -0.324) (-0.537 - -0.104) (-0.591 - -0.172) (-0.702 - -

0.224) 

ACSC hospitalization due to 

diabetes  

1.091 

(0.863 - 1.380) 

1.055 

(0.811 - 1.373) 

1.051 

(0.809 - 1.365) 

1.016 

(0.751 - 1.375) 
Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses; effects and 

corresponding 95% CI are reported as proportions. 

Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family 

Health Organization; ACSC: ambulatory care sensitive condition, FHO: Family Health Organization, HbA1c: glycated haemoglobin, ACEI: 

angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 
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Table B1.7 Effect of switching to FHO on process of diabetes care and patients’ health outcome, for physicians who 

switched in between 2008 & 2009, 2010 & 2011, 2012 & 2013 and 2014 &2015 

 

switched in between 2008 & 2009 (N=19,071) 

Outcome 

variable 

Unweighted Kernel CBPS EB 

HbA1c testing 0.0252*** 0.0270*** 0.0275*** 0.0358***  
(0.0186 - 0.0318) (0.0198 - 0.0341) (0.0204 - 0.0347) (0.0243 - 0.0472) 

Lipid assessment 0.0244*** 0.0288*** 0.0284*** 0.0353***  
(0.0177 - 0.0311) (0.0213 - 0.0363) (0.0209 - 0.0360) (0.0236 - 0.0471) 

Nephropathy 

screening 

0.0247*** 

(0.0183 - 0.0310) 

0.0260*** 

(0.0189 - 0.0330) 

0.0260*** 

(0.0190 - 0.0331) 

0.0324*** 

(0.0209 - 0.0439) 

Eye examination -0.000189 

(-0.00201 - 0.00163) 

-0.00081 

(-0.00269 - 0.00107) 

-0.000777 

(-0.00265 - 

0.00110) 

0.0004 

(-0.00166 - 0.00246) 

ACEI or ARB 

prescription 

-0.00225 

(-0.00719 - 0.00270) 

-0.000265 

(-0.00561 - 0.00508) 

-0.000294 

(-0.00557 - 

0.00499) 

-0.000617 

(-0.00694 - 0.00570) 

Statin 

prescription 

0.00748*** 

(0.00294 - 0.0120) 

0.0151*** 

(0.0103 - 0.0199) 

0.0148*** 

(0.01000 - 

0.0196) 

0.0140*** 

(0.00882 - 0.0192) 

Mortality risk 

score 

-0.374*** 

(-0.487 - -0.261) 

-0.375*** 

(-0.503 - -0.247) 

-0.367*** 

(-0.494 - -0.241) 

-0.416*** 

(-0.571 - -0.262) 

ACSC 

hospitalization 

due to diabetes 

1.046 

(0.895 - 1.222) 

1.089 

(0.910 - 1.302) 

1.103 

(0.920 - 1.323) 

1.071 

(0.875 - 1.311) 

switched between 2010 & 2011 (N=11,410) 

HbA1c testing 0.0162*** 0.0130*** 0.0131*** 0.0123*** 
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(0.00832 - 0.0240) (0.00472 - 0.0213) (0.00471 - 

0.0214) 

(0.00393 - 0.0206) 

Lipid assessment 0.0126*** 0.0120*** 0.0122*** 0.0115**  
(0.00445 - 0.0208) (0.00339 - 0.0207) (0.00346 - 

0.0208) 

(0.00269 - 0.0203) 

Nephropathy 

screening 

0.0147*** 

(0.00730 - 0.0222) 

0.0151*** 

(0.00727 - 0.0229) 

0.0153*** 

(0.00742 - 

0.0231) 

0.0145*** 

(0.00668 - 0.0224) 

Eye examination -0.00146 -0.00242 -0.00228 -0.00225  
(-0.00380 - 0.000874) (-0.00536 - 0.000509) (-0.00525 - 

0.000687) 

(-0.00518 - 0.000680) 

ACEI or ARB 

prescription 

0.00158 

(-0.00431 - 0.00747) 

0.0011 

(-0.00535 - 0.00755) 

0.00125 

(-0.00527 - 

0.00777) 

0.00112 

(-0.00549 - 0.00773) 

Statin 

prescription 

-0.00136 0.00336 0.00336 0.00172 

 
(-0.00686 - 0.00414) (-0.00261 - 0.00934) (-0.00263 - 

0.00936) 

(-0.00430 - 0.00774) 

Mortality risk 

score 

-0.299*** 

(-0.441 - -0.157) 

-0.364*** 

(-0.514 - -0.214) 

-0.362*** 

(-0.512 - -0.211) 

-0.343*** 

(-0.495 - -0.190) 

ACSC 

hospitalization 

due to diabetes 

1.03 

(0.808 - 1.314) 

0.923 

(0.699 - 1.218) 

0.929 

(0.702 - 1.229) 

0.925 

(0.700 - 1.223) 

switched between 2012 & 2013 (N=5,840) 

HbA1c testing 0.0227*** 0.0207*** 0.0223*** 0.0178***  
(0.0119 - 0.0335) (0.00857 - 0.0329) (0.0101 - 0.0345) (0.00490 - 0.0307) 

Lipid assessment 0.0136** 0.0118* 0.0136** 0.0134*  
(0.00190 - 0.0252) (-0.00129 - 0.0249) (0.000430 - 

0.0267) 

(-0.000146 - 0.0270) 
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Nephropathy 

screening 

        

Eye examination -0.00206 -0.00455*** -0.00473*** -0.00448***  
(-0.00500 - 0.000874) (-0.00748 - -0.00162) (-0.00767 - -

0.00179) 

(-0.00768 - -0.00127) 

ACEI or ARB 

prescription 

-0.000438 

(-0.00798 - 0.00710) 

0.00106 

(-0.00719 - 0.00932) 

0.00203 

(-0.00636 - 

0.0104) 

0.00445 

(-0.00480 - 0.0137) 

Statin 

prescription 

-0.00696* -0.00683 -0.00683 -0.00346 

 
(-0.0140 - 5.33e-05) (-0.0150 - 0.00132) (-0.0150 - 

0.00132) 

(-0.0123 - 0.00535) 

Mortality risk 

score 

-0.147 

(-0.337 - 0.0422) 

-0.159 

(-0.373 - 0.0542) 

-0.136 

(-0.352 - 0.0796) 

-0.124 

(-0.353 - 0.105) 

ACSC 

hospitalization 

due to diabetes 

1.262 

(0.814 - 1.957) 

1.158 

(0.700 - 1.917) 

1.191 

(0.718 - 1.976) 

1.004 

(0.596 - 1.690) 

switched between 2014 & 2015 (N=2,991) 

HbA1c testing 0.0162* 0.00552 0.00705 0.00776  
(-0.00289 - 0.0354) (-0.0168 - 0.0278) (-0.0154 - 0.0295) (-0.0156 - 0.0311) 

Lipid assessment 0.0193* 

(-0.000835 - 0.0394) 

0.00314 

(-0.0206 - 0.0269) 

0.00397 

(-0.0199 - 0.0278) 

0.00385 

(-0.0205 - 0.0282) 

Nephropathy 

screening 

  

        

Eye examination 0.00357 

(-0.000764 - 0.00790) 

0.00313 

(-0.000869 - 0.00713) 

0.00264 

(-0.00134 - 

0.00662) 

0.0028 

(-0.00113 - 0.00673) 

ACEI or ARB 

prescription 

0.00649 

(-0.00325 - 0.0162) 

0.00791 

(-0.00352 - 0.0193) 

0.00827 0.00681 

(-0.00452 - 0.0181) 
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(-0.00297 - 

0.0195) 

Statin 

prescription 

-0.00843* 

(-0.0174 - 0.000573) 

-0.00403 

(-0.0135 - 0.00545) 

-0.00431 

(-0.0137 - 

0.00510) 

-0.00526 

(-0.0151 - 0.00455) 

Mortality risk 

score 

0.0473 

(-0.213 - 0.307) 

0.0853 

(-0.179 - 0.350) 

0.0777 

(-0.190 - 0.346) 

0.155 

(-0.120 - 0.430) 

ACSC 

hospitalization 

due to diabetes 

1.073 

(0.484 - 2.378) 

0.977 

(0.369 - 2.588) 

0.958 

(0.361 - 2.540) 

0.929 

(0.351 - 2.460) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses; effects 

and corresponding 95% CI are reported as proportions. 

Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, 

FHO: Family Health Organization; ACSC: ambulatory care sensitive condition, FHO: Family Health Organization, HbA1c: glycated 

haemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 

N=total number of observations 

Estimates for nephropathy screening could not be computed for physicians who switched as of 2012 because the main independent 

variable predicted outcome perfectly. 
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Table B1.8  Effect of switching to FHO on process of care and health outcomes for persons with diabetes mellitus: Results 

of before-and-after analyses 

Outcome variable (n=12,910) Pooled Fixed effects 

HbA1c testing (%) 3.43*** 2.27*** 

(1.94 - 4.93) (1.57 - 2.96) 

Lipid assessment (%) 4.18*** 3.09*** 

(2.71 - 5.64) (2.36 - 3.82) 

Nephropathy screening (%) 3.67*** 2.29*** 

(2.23 - 5.10) (1.60 - 2.98) 

Eye examination (%) 0.233 -0.125 

(-0.171 - 0.637) (-0.321 - 0.0709) 

ACEI or ARB prescription (%) -0.615 -0.0567 

(-1.57 - 0.336) (-0.563 - 0.450) 

Statin prescription (%) 1.39*** 2.19*** 

(0.366 - 2.42) (1.71 - 2.66) 

Mean mortality risk score -0.153 -0.368*** 
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(-0.407 - 0.101) (-0.478 - -0.259) 

Risk ACSC hospitalization due to diabetes 1.191** 0.988 

(1.011 - 1.402) (0.825 - 1.183) 

Abbreviations: HbA1c: glycated hemoglobin, ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor 

blocker, FHO: Family Health Organization; ACSC: ambulatory care sensitive condition, n: sample size. 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in 

parentheses  

This table reports the effect of switching from FHG to FHO on processes of care and patients’ health outcomes.  
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Chapter 4 

4 Impact of family physician payment schemes on follow-up care, mortality 

risk and avoidable hospitalizations in patients with congestive heart failure 

 

A version of this chapter has been submitted for publication as: Bamimore MA, Devlin 

RA, Zaric GS, Garg AX and Sarma S. Impact of family physician payment schemes on 

follow-up care, mortality risk and avoidable hospitalizations in patients with congestive 

heart failure. 
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4.1 Introduction 

In the past two decades, many developed countries have reformed primary care in 

order to improve access to primary care services, (OECD, 2016) especially better 

management of chronic diseases (Li et al., 2014; OECD, 2016; Roland & Campbell, 

2014). Many of the reform proposals involved changes in physician remuneration from 

pure payment systems of FFS, capitation or salary to blended remuneration (Gosden et 

al., 2001; Newhouse, 1996; Robinson, 2001). Blended remuneration schemes combine 

elements of pure payment systems with pay-for-performance incentives to address 

weaknesses in pure payment systems.  

The province of Ontario introduced primary care reforms in the early 2000s that 

restructured how family physicians were paid and to provide better chronic disease 

management and preventive care to the targeted populations (Hutchison & Glazier, 2013; 

Sweetman & Buckley, 2014). Prior to the reform, over 90 per cent of Ontario’s family 

physicians received most of their income through FFS payments (Sweetman & Buckley, 

2014), now over two-thirds are remunerated through blended payment schemes.  

Family Health Groups and Family Health Organizations are the two dominant post-

reform blended payment models available to primary care physicians in Ontario. The 

FHG, introduced in July 2003, is a blended FFS scheme and the FHO, introduced in 

November 2006, is a blended capitation scheme (Sweetman & Buckley, 2014). In FHO, 

physicians receive capitation payments adjusted for age and sex to provide a core basket 

of services to enrolled patients. They also receive 15% of the FFS payment for each in-

basket service provided to these patients, and 100% of the FFS payment for services 
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provided outside of the basket and for all services to non-enrolled patients up to an 

annual limit. FHG physicians are primarily paid by FFS plus a small capitation payment. 

Physicians in both models are eligible to claim the same pay-for-performance incentives 

in the areas of illness prevention and chronic disease management (diabetes and 

congestive heart failure), and are required to provide a minimum of 3-hours/week after-

hours care (Sweetman & Buckley, 2014).  

Both FHGs and FHOs include a pay-for-performance program known as the ‘Heart 

Failure Management Incentive’ which rewards physicians $125 per enrolled patient per 

annum for providing congestive heart failure care in accordance with the practice 

guidelines of the Canadian Cardiovascular Society (Ezekowitz et al., 2017). The Heart 

Failure Management Incentive requires that physicians provide patient counselling, 

conduct physical examinations, and prescribe the following first-line pharmacological 

therapy for patients whose ejection fraction is 40% or below: angiotensin converting 

enzyme inhibitors (or angiotensin II receptor blockers for those who are ACEI 

intolerant), and beta blockers; loop diuretics, mineralocorticoid receptor antagonists, and 

digoxin are recommended for symptom relief. Furthermore, it suggests the prophylactic 

use of acetylsalicylic acid, and recommends the prescription of appropriate 

anticoagulants for those diagnosed with atrial fibrillation (Ministry of Health and Long-

Term Care Primary Health Care Team, 2008). These care elements of the Heart Failure 

Management Incentive have been linked to better patient outcomes (Granger et al., 2003; 

Milton Packer et al., 1996; Pitt et al., 1999). 
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 The main question addressed in this paper is whether the outcome of the Heart 

Failure Management Incentive program is affected by whether it is grafted onto a blended 

FFS (FHG) or a blended capitation (FHO) environment. Health economics theory 

suggests that capitation provides better incentives for the efficient delivery of health 

services than pure FFS (Christianson & Conrad, 2012; Eggleston, 2005; McGuire, 2011). 

The empirical literature suggests a relationship between physician remuneration and 

quality of patient care (Kiran et al., 2014; Kralj & Kantarevic, 2013); some studies found 

that P4P programs result in decreased hospital readmissions (Desai et al., 2016; Lalloué 

et al., 2017), while studies by Mellor et al. (2017) and McGarry et al. (2016)  found that 

such outcomes are not affected by P4P schemes. Capitation payments have been found to 

improve continuity of care (like follow-ups post hospitalization) and preventative care, 

relative to FFS (Blomqvist & Busby, 2012; Brosig-Koch et al., 2017; Kralj & Kantarevic, 

2013). This result arises partly because capitated physicians rely on a stable roster of 

patients for most of their income, fostering strong physician-patient relationships. A 

priori, one might think that CHF patients would be better served by the Heart Failure 

Management Incentive program under blended capitation (FHO) relative to those in 

blended FFS (FHG).  

 Two studies to date have examined some elements of this problem (Jaakkimainen 

et al., 2011; Russell et al., 2009). Russell et al. (2009) employed a cross-sectional 

analysis and found no difference in specific prescription behaviour between family 

physicians in FFS- and capitation-based schemes; the same result was echoed by 

Jaakkimainen et al. (2011) also with cross-sectional data. But the Heart Failure 
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Management Incentive involves much more than prescription behaviour. The availability 

of more and better data allows for a more rigorous investigation into this question – 

which is the main contribution of this paper. We push the empirical investigation in two 

directions. First, a broader array of performance indicators than the previous literature are 

examined: follow-up care after hospitalization within seven days and 30 days, avoidable 

hospitalizations due to CHF, and mortality risk. These four indicators present a better 

picture of the impact of the physician remuneration on patient outcomes in the area of 

CHF. Second, we employ a longitudinal data set which is able detect changes in 

physician behaviour over time, while accounting for potential biases present in previous 

cross-sectional study designs.   

4.2 Methods 

Study design 

We used a retrospective cohort design with an observation period spanning April 

1st, 2006 and March 31st, 2016. Our sample consisted of physicians in FHOs and FHGs, 

and their patients diagnosed with CHF; a schematic of the creation of our study 

population is presented in Supplementary Appendix S1. FHG physicians who switched to 

a FHO and remained in this model throughout the observation period were defined as 

‘switchers’; ‘non-switchers’ were those physicians who remained in the FHG model 

throughout our study period. All physicians were in the FHG model in the 1st year of our 

study.  

Data sources and ethics  
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All our data were obtained from ICES (formerly known as the Institute for 

Clinical Evaluative Sciences), which houses numerous healthcare administrative 

databases for Ontario. Persons with CHF were identified using the ICES CHF database, 

which contains all patients diagnosed with CHF since 1991 with high sensitivity and 

specificity (Schultz et al., 2013). The client agency program enrollment database 

identified patients enrolled to physicians in the FHG and FHO models. Physician 

characteristics were obtained from the corporate provider database and ICES physician 

database. Patient characteristics were obtained from the Registered Persons Database and 

area-level census. These databases were linked using a unique anonymized patient 

identifier.  

The data for this study were used in accordance with section 45 of Ontario’s 

Personal Health Information Protection Act: hence, a Research Ethics Board approval 

was not required.  

Outcome Variables 

We investigated discharges due to CHF that were followed up with a physician 

within seven days and 30 days, patients’ estimated mortality risk score, and avoidable 

hospitalizations due to CHF. An avoidable hospitalization due to CHF is defined as a 

hospital admission in persons aged below 75 years with the most responsible ICD-10-CA 

(International Classification of Diseases and Disorders, 10th Revision Canadian 

Modification codes) diagnosis codes being I50 (heart failure) and J81 (pulmonary 

edema), excluding cardiac procedures (the details are provided in Table 2 in 

Supplementary Appendix S1); such events are termed ‘avoidable’ because CHF-related 
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admissions in persons aged below 75 years are potentially preventable if ambulatory care 

is adequate and efficient (Canadian Institute for Health Information, 2020a). The follow-

up care outcomes were proportions: for each physician, the denominator was the total 

number of physician’s patients discharged from a CHF hospitalization in the given year 

and the numerator is those discharged patients with a follow-up with the physician within 

seven or 30 days. MRS is an estimate of a person’s risk of all-cause death within one year 

based on an algorithm by Austin and Walraven (2011). Using the patient-level MRS, we 

constructed the average of CHF patients’ MRS in a physician’s practice. Avoidable CHF-

related hospitalization was a count variable: for each physician in a given year, we 

counted the total number of CHF-related avoidable hospitalizations experienced by a 

physician’s patients. More details on variable definitions are provided in Supplementary 

Appendix S1. 

Statistical analyses 

We conducted all analyses at the physician-level; physicians not present in each 

year were excluded, yielding a balanced panel-data for 10 years. For longitudinal 

analyses, two models were initially considered: (1) single-group before-after, and (2) 

before-and-after analysis with a control group. Model 1 comprises only physicians who 

switched to FHO; however, a major drawback is the absence of a contemporaneous 

control group. Model 2 entails switchers and non-switchers, allowing for difference-in-

differences analyses; but model 2 does not account for potential systematic differences 

between switchers and non-switchers (or selection bias). Thus, we implemented a 

propensity score model and used the estimated propensity scores to construct inverse 
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probability weights (Guo & Fraser, 2015) to ensure that both groups of physicians were 

similar in terms of all covariates and outcomes at the baseline. Thus, any change in 

outcomes over the baseline is most likely due to the effect of remuneration, after 

adjusting for potential confounders.  

One further issue could be the presence of physician-specific time-invariant 

confounding (essentially an omitted variable bias arising due to this type of 

confounding). To account for such bias, we performed an inverse probability weighted 

fixed-effects regression analysis, detailed in Supplementary Appendix S2A. A fractional 

weighted fixed-effects regression model was used for the follow-up indicators (Papke, 

1996), a linear weighted fixed-effects regression model was used for mortality risk scores 

(Sarma et al., 2018) and a weighted fixed-effects Poisson regression model was used for 

avoidable CHF-related hospitalization. 

Propensity score model 

A physician’s propensity score is their probability of being in the exposed group or 

control group, given a set of explanatory variables (Faries et al., 2010). Propensity scores 

are estimated using a logistic regression that regresses the probability of exposure 

assignment on covariates (Faries et al., 2010; Rosenbaum & Rubin, 1983). The general 

guideline is to include variables in the propensity score model that can plausibly affect 

outcome and exposure (Faries et al., 2010; Rosenbaum & Rubin, 1983). Following the 

previous literature, we include physician characteristics (age, country of medical 

education (Canada/US or international), group size and number of patients enrolled, 

patient characteristics in physicians’ practice (proportion of females, average age of 
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patients in the physician’s practice, proportion of female patients in the practice, patients’ 

average comorbidity score based on the Johns Hopkins Aggregated Diagnosis Groups, 

proportion of patients from low income quintile (based on census dissemination area-

level income) and the proportion of patients living in rural areas), and expected income 

gain from switching from FHG to FHO at the baseline in our propensity score model 

(Kralj & Kantarevic, 2013; Sarma et al., 2018; Somé et al., 2019). We excluded 

physicians from the switcher and non-switcher groups if the range of their propensity 

scores did not overlap (were outside the range of common support), which is necessary in 

order to make inferences about treatment (here switching) effects. We then derived 

inverse probability weights for physicians from their estimated propensity scores using 

kernel matching (i.e. kernel weighting). Regressions that are weighted by the inverse 

probability weights allow for the estimation of the average effect of switching to FHOs 

on outcomes in switchers (our point estimate of interest). Here, a weight of one was 

assigned to FHO physicians (switchers); non switchers were given a weight that 

corresponded to the distance between the non-switcher’s and switcher’s propensity scores 

within a bandwidth of 0.06 (Garrido et al., 2014; Guo & Fraser, 2015).  

Balance in the covariate distribution between switcher and non-switcher physicians at 

baseline was assessed using t-tests and standardized bias tests (Guo & Fraser, 2015; 

Harder et al., 2010). We also used two alternatives to kernel weighting procedure to 

address bias due to covariate imbalance: the covariate balancing propensity score(Imai & 

Ratkovic, 2014) and entropy balancing weights (Hainmueller, 2012). Given differences 

in patients’ eligibility criteria for indicators of follow-up care and health outcomes, the 
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propensity score model was run on two separate samples: one for follow-up care, and the 

other for health outcomes. 

To see whether the impact of switching to FHO varied across subgroups, separate 

analyses were conducted on: (1) males, (2) females, (3) those aged 55 years or higher at 

the baseline, (4) those aged below 55 years at the baseline, and (5) by timing of switch to 

FHO as previous research found that switchers in the 2006-2009 period and 2010 

onwards were different with regards to referrals to specialists (Kralj & Kantarevic, 2013; 

Sarma et al., 2018). The statistical software Stata version 15.1 (StataCorp, 2017) was 

used for all analyses. 

4.3 Results 

We observed a total of 749 physicians for follow-up care analysis, comprising 

7,490 physician-year observations: 478 switchers and 271 non-switchers. In the sample 

for the MRS and CHF-related avoidable hospitalizations, we observed 2,639 physicians 

(26,390 physician-year observations): 1,596 switchers and 1,043 non-switchers. Mean 

values for follow-up care and health-related outcomes are provided in Appendix S2B. A 

simple schematic for derivation of the final sample size of physicians is provided in 

Supplemental Figure S0. 

Before applying propensity score weights, all the covariates in the follow-up care 

sample were significantly different between switchers and non-switchers except for sex; 

non-significant p-values were reported for all covariates after applying inverse 

probability weighting (Supplementary Table S1). Likewise, our alternative weighting 

procedures also produced non-significant p-values for all covariates after weighting 
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(Supplementary Tables S2 and S3). For the other two indicators (i.e., MRS and avoidable 

hospitalization), there was no significant difference between the covariates after applying 

CBPS and entropy balancing weights (Supplementary Tables S4 – S6). In both groups of 

performance indicators, non-significant p-values, and standardized bias of no greater than 

7% were reported for all variables after applying inverse probability weighting. 

Furthermore, visual representation for the distribution of propensity scores, and the 

standardized difference in means and variance ratios confirmed that there was reasonable 

balance in the distribution of covariates between switchers and non-switchers after 

weighting (Supplemental Figures S1 – S4).  

Regression results 

We reported estimates from unweighted and weighted pooled and fixed-effects 

regressions; fixed-effects estimates account for unobservable time-invariant physician 

factors, while pooled estimates do not. Unweighted estimates are from regressions that 

did not incorporate inverse probability weights (model 2 described in the methods 

section), while weighted regressions incorporated such weights. Model 1 results are 

reported in the Supplementary Appendix S6. The inverse probability weighted 

regressions are reported here. We found that switching to FHO had no significant impact 

on all four performance indicators.  

Switching was non-significantly associated with a reduction in physicians’ post-

discharge follow-up visit within seven days by 0.57% (95% CI: -3.38%, 2.24%); 

similarly, a non-significant reduction by 0.31% (95% CI: -3.7%, 3.1%) was observed for 

physician’ post-discharge follow-up visit within 30 days (Table 4.1). Switchers’ patients, 
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on average, had non-significantly lower MRS by 0.143 (95% CI: -0.412, 0.127), and non-

significantly lower risk of avoidable CHF-related hospitalizations (relative risk = 0.76, 

95% CI: 0.42 – 1.38) (Table 4.1). These findings were corroborated using CBPS and EB 

weights (Supplementary Appendix S4). Similarly, switching did not have any differential 

impact for physicians who were male, female, aged below 55 years and aged at least 55 

years (Table 4.2); the robustness of these subgroup analyses was corroborated with CBPS 

and EB weights (Supplementary Appendix S4). The impact of switching to FHO was not 

significantly different across physicians who switched to the FHO model in any of the 

four timeframes (Table 4.3), and the robustness of this finding was confirmed with CBPS 

and EB weights (Supplementary Appendix S5). 

4.4 Discussion 

We found that family physicians who switched from FHGs to FHOs were not 

significantly different in terms of following up with their patients with CHF within seven 

and 30 days post-discharge from avoidable hospitalization compared to their counterparts 

who remained in the FHG. We also found that switchers’ and non-switchers’ patients 

with CHF, on average, were not different in terms of their estimated mortality risk scores 

and risk of avoidable hospitalizations due to CHF. For all four outcomes, results from 

one-group before-and-after analysis produced similar conclusions (Supplementary 

Appendix S6). 

Our study has several strengths. Our statistical approach, which used inverse 

probability weighted fixed-effects regressions with longitudinal data over ten years leads 

to robust conclusions and improves upon the two existing cross-sectional studies 



135 

 

(Jaakkimainen et al., 2011; Russell et al., 2009). Employing a long follow-up period after 

the introduction of the FHO model adds to the credibility of our results. One limitation of 

our study is that we cannot rule out hidden bias arising from the fact that the switchers 

and non-switchers were not randomized. Nonetheless, the repertoire of covariates 

included in our propensity score model (including physicians’ expected income gain) and 

inverse probability weighted fixed-effects regressions should limit the influence of 

hidden bias. The drug-prescribing, evidence-based, care processes required by the Heart 

Failure Management Incentive are exclusive to persons with CHF who have a reduced 

ejection fraction. Given that information on ejection fraction is currently unavailable 

through the ICES databases, we could not examine prescription-based indicators. Like 

our study, a previous study (Esse et al., 2013) also pointed out that quality of physicians’ 

care practices in CHF management is not necessarily affected by remuneration schemes 

in the United States. 

Continuity and coordination of care are major hallmarks of primary care—a 

process whereby family physicians, specialists and patients work collaboratively to 

ensure effective management of patients’ health condition (Jaakkimainen et al., 2011; 

Russell et al., 2009). Post-discharge follow-up care by family physicians is a relevant 

performance indicator for the management of CHF as up to 57% of persons with CHF 

discharged from a hospitalization are often readmitted within 90 days (Sezgin et al., 

2017). Receiving appropriate care during a transition (e.g., between seven to 30 days 

after a hospital discharge) is prognostically relevant because the timing of care can 

intercept adverse events. According to the World Health Organization, only 50% of 
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persons with chronic diseases adhere to their medication (Eduardo Sabaté 

(WHO/NMH/CCH), 2001). Thus, patient counselling on the importance of following 

first-line pharmacological therapies can result in an increased likelihood of medication 

adherence, and counselling can be provided during post-discharge follow-up. 

Conclusions 

There seems to be no effect arising from the physician’s mode of remuneration on 

our four CHF performance indicators. Interestingly and importantly, our conclusions 

basically echo those of these two previous papers (Jaakkimainen et al., 2011; Russell et 

al., 2009).  
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Table 4.1. Effect of switching to FHO on performance indicators for persons with congestive heart failure 

Outcome Variable Pooled Fixed effects 

Unweighted Kernel Unweighted Kernel 

Follow-up visit within 7 days of discharge -0.0243** -0.0043 -0.0142 -0.0057 

(n=7,490) (-0.0445 –  

-0.0041) 

(-0.0267 - 

0.0181) 

(-0.0396 - 

0.0111) 

(-0.0338 - 

0.0224) 

Follow-up visit within 30 days of discharge -0.0258** -0.0153 -0.0010 -0.0031 

(n=7,490) (-0.0492 - -

0.00247) 

(-0.0423 - 

0.0117) 

(-0.0390 - 

0.0210) 

(-0.0371 - 

0.0309) 

Mean mortality risk score -0.167 -0.222 -0.126 -0.143 

(n=26,390) (-0.466 - 0.132) (-0.572 - 0.128) (-0.371 - 0.119) (-0.412 - 0.127) 

Avoidable hospitalizations 0.941 0.965 0.766 0.755 

(n=26,390) (0.629 - 1.409) (0.614 - 1.516) (0.425 - 1.381) (0.417 - 1.367) 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Supplementary Appendix S2A, 95% confidence 

interval in parentheses; n: number of physician-year observations 
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Table 4.2. Effect of switching to FHO on performance indicators: Subgroup Analysis by Age and Sex 

Outcome variable Overall Male Female Younger Older 

Follow-up visit within 

7 days of discharge 
-0.00571 -0.0176 ⁑ -0.0224 0.0172 

  
(-0.0338 - 0.0224) (-0.0458 - 0.0105) ⁑ 

(-0.0631 - 

0.0183) 
(-0.0196 - 0.0540) 

n 7,490 6,640 850 4,100 3,390 

Follow-up visit within 

30 days of discharge 
-0.00308 -0.00939 ⁑ -0.026 0.0257 

  
(-0.0371 - 0.0309) (-0.0448 - 0.0261) ⁑ 

(-0.0731 - 

0.0211) 
(-0.0222 - 0.0737) 

n 7,490 6,640 850 4,100 3,390 

Mean mortality risk 

score 
-0.143 -0.261* 0.0779 -0.106 -0.186 

  (-0.412 - 0.127) (-0.541 - 0.0199) (-0.479 - 0.635) (-0.448 - 0.235) (-0.565 - 0.193) 

n 26,390 17,140 9,250 18,050 8,340 

Avoidable 

hospitalizations 
0.755 0.773 0.75 0.506* 1.471 

  (0.417 - 1.367) (0.433 - 1.379) (0.146 - 3.857) (0.227 - 1.124) (0.651 - 3.327) 

n 26,390 17,140 9,250 18,050 8,340 
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*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Supplementary Appendix S2A, 95% 

confidence interval in parentheses; n: number of physician-year observations; ⁑ Insufficient sample size 
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Table 4.3. Effect of switching to Family Health Organization on performance indicators: Subgroup Analysis by timing of switching 

Outcome variable 

switched between 2008 

& 2009 

switched between 2010 

& 2011 

switched between 2012 

& 2013 

switched in 2014 

&2015 

Follow-up visit within 7 

days of discharge 
-0.00127 -0.0162 -0.0534 -0.0346 

 
(-0.0309 - 0.0283) (-0.0613 - 0.0289) (-0.175 - 0.0687) (-0.206 - 0.137) 

n 6,174 3,878 1,950 966 

Follow-up visit within 30 

days of discharge 
0.0216 -0.0133 -0.0909 -0.0405 

 
(-0.0140 - 0.0572) (-0.0732 - 0.0466) (-0.219 - 0.0372) (-0.226 - 0.145) 

n 6,174 3,878 1,950 966 

Mortality risk score -0.116 -0.269 0.0604 0.0667 
 

(-0.360 - 0.129) (-0.605 - 0.0680) (-0.489 - 0.609) (-0.701 - 0.835) 

n 23,832 14,161 7,300 3,759 

Avoidable hospitalizations 0.946 0.755 1.914 1.696 
 

(0.471 - 1.902) (0.225 - 2.533) (0.308 - 11.90) (0.0128 - 224.0) 

n 23,832 14,161 7,300 3,759 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Supplementary Appendix S2A, 95% confidence 

interval in parentheses; n: number of physician-year observations 
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Appendix (for Chapter 4) 

Supplementary Appendix S1 

Schematic for creation of study population 

 

 

 

 

 

 

 

 

 

 

 

 

We identified Ontarians whose age is between 40 years and 105 years, and who were diagnosed with CHF between 
April 1st, 1991 and March 31st, 2014 

 

 

We identified all Ontarians with diabetes who are at least 30 years old, and diagnosed with the disease between April 1st, 1991 

and March 31st, 2014 

 

 

We identified Ontarians whose age is between 40 years and 105 years, and who were diagnosed with CHF between April 1st, 

1991 and March 31st, 2014 

 

 

We identified all Ontarians with diabetes who are at least 30 years old, and diagnosed with the disease between April 1st, 1991 

and March 31st, 2014 

 

We identified all Ontario primary care physicians (PCPs) (also referred to as family physicians) in FHGs as of April 1st, 2006 

and followed these physicians and their enrolled patients diagnosed with congestive heart failure; physicians and patients were 

followed until March 31st, 2016 (i.e., followed for 10 fiscal years). Within this observation period of ten years, we identified the 

PCPs who remained in FHGs throughout the study period (i.e., non-switchers) and those who switched FHOs, and remained in 

it after switching (i.e., switchers) 
 

 

We identified all Ontario PCPs in FHGs as of April 1st, 2006 and followed these doctors and their enrolled patients diagnosed 

with diabetes; doctors and patients were followed until March 31st, 2016. Within this observation period of ten years, we 

identified the PCPs who remained in FHGs throughout (i.e., non-switchers) and those who switched FHOs, and remained in it 

after switching (i.e., switchers) 
 

 

We identified all Ontario PCPs in FHGs as of April 1st, 2006 and followed these doctors and their enrolled patients diagnosed 

with CHF; doctors and patients were followed until March 31st, 2016. Within this observation period of ten years, we identified 

the PCPs who remained in FHGs throughout (i.e., non-switchers) and those who switched FHOs, and remained in it after 

switching (i.e., switchers) 
 

 

We identified all Ontario PCPs in FHGs as of April 1st, 2006 and followed these doctors and their enrolled patients diagnosed 

with diabetes; doctors and patients were followed until March 31st, 2016. Within this observation period of ten years, we 

identified the PCPs who remained in FHGs throughout (i.e., non-switchers) and those who switched FHOs, and remained in it 

after switching (i.e., switchers) 
 

Exclusion for patients with CHF: 

-Missing/ invalid IKN  

-Missing age 

-Missing sex 

-Individuals who died on or before April 

1st, 2006 

-Non-Ontario residents 

 

 

Exclusion for patients with diabetes: 

-Missing/ invalid IKN  

-Missing age 

-Missing sex 

-Individuals who died on or before 

April 1st, 2006 

-Non-Ontario residents 

 

 

Exclusion for patients with CHF: 

-Missing/ invalid IKN  

-Missing age 

-Missing sex 

-Individuals who died on or before April 

1st, 2006 

-Non-Ontario residents 

 

Exclusion for PCPs: 
-Missing/ invalid IKN  
-Missing age 
-Missing sex 
Physicians who switched 
multiple times 

 

Study population: 

Ontario PCPs and their enrolled patients with CHF observed between April 1st, 2006 and March 31st, 2016. 

 

 

Study population: 

Ontario PCPs and their enrolled patients with diabetes observed between April 1st, 2006 and March 31st, 2016. 

 

 

Figure A3.1 Schematic for creation of study population.Study population: 

Ontario PCPs and their enrolled patients with CHF observed between April 1st, 2006 and March 31st, 2016. 

 

 

Study population: 

Ontario PCPs and their enrolled patients with diabetes observed between April 1st, 2006 and March 31st, 2016. 
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Data sources for variables 

The Client Agency Program Enrollment is a centralized database that contains 

information on patients enrolled to a physician practicing under any of the patient enrolment 

models (Glazier, Zagorski, & Rayner, 2012). The Ontario CHF database contains Ontarians 

diagnosed with congestive heart failure since1991. The algorithm used for identifying patients 

with CHF in this database was validated by Schultz, Rothwell, Chen, & Tu (2013), where the 

algorithm is based on any of the following within one year: at least one hospitalization record 

with CHF diagnosis (or at least one ambulatory record with a CHF diagnosis) in addition to at 

least one record of CHF diagnosis from any source. This algorithm has a sensitivity of 84.4%, a 

specificity of 97.0% and positive predictive value of 55.6% (Schultz, Rothwell, Chen, & Tu, 

2013). We used the CHF database to identify patients with CHF. CAPE combined with CHF 

database were used to identify persons diagnosed with CHF who are either enrolled with a FHG 

or FHO physician in each year. The Corporate Provider Database provides information on 

healthcare providers (Lofters, Gozdyra, & Lobb, 2013; Ontario Ministry of Health and Long 

Term Care, 2017), and this database was used to identify a family physician’s payment model 

type. Information on inpatients are available in the Canadian Institute for Health Information - 

Hospital Discharge Abstract Database; this database uses ICD-10 as of 2002 (Gandhi, 2016; 

Glazier et al., 2012), was used to identifying avoidable hospitalizations due to CHF. The ICES 

Physician Database entails demographic information on physicians including data on physicians’ 

practice; this database was used to identify doctors’ sex, age, and country of medical education 

(i.e., international or Canadian/ United States medical graduate). The Canadian Institutes for 

Health Information-National Ambulatory Care Reporting System holds information for 

outpatients in hospital and ambulatory care settings (Gandhi, 2016; Glazier et al., 2012); 
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NACRS, DAD and OHIP were used for mortality risk score using the Algorithm of Austin and 

Walraven (2011). In the Ontario Health Insurance Plan Database, claims data for services that 

are insured—and delivered by licenced health professionals (such as family physicians)—are 

provided. This database includes information pertaining to the service rendered and the 

associated fee codes (Gandhi, 2016; Glazier et al., 2012); we used OHIP to identify physician 

visits. Demographic information for Ontario residents who are eligible for provincial healthcare 

coverage are contained in the Registered Persons Database (Gandhi, 2016; Glazier et al., 2012). 

We used RPDB to identify patients’ age, sex, dates of birth and death; in addition, information 

on income quintile was obtained using RPDB and census dissemination area-level data. 
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Table 1 Indicator definitions 

 

Quality indicator 

 

Eligible patient population  

(i.e., denominator) 

Outcome (i.e., numerator) 

 

Physician visit 

within 7 days after 

patients’ discharge 

from an acute care 

hospital due to 

CHF  

 

For each year: 

- include CHF patients who were 

alive within that year 

- include CHF patients who were 

discharged from an acute care 

hospital stay with a most 

responsible diagnosis of CHF  

  

 

For each year, identify 

proportion of discharges that 

were followed up with 

patients’ enrolled physicians 

within 7 days 

 

 

 

 

 

Data sources: CHF, RPDB, DAD, OHIP, IPDB 

Physician visit 

within 30 days 

after patients’ 

discharge from an 

acute care hospital 

due to CHF  

 For each year: 

-include CHF patients who were 

alive within that year 

-include CHF patients who were 

discharged from an acute care 

hospital stay with a most 

responsible diagnosis of CHF  

  For each year, identify 

proportion of discharges that 

were followed up with 

patients’ enrolled physicians 

within 30 days 

 

Data sources: CHF, RPDB, DAD, OHIP, IPDB 

Risk of 

hospitalization for 

CHF as an 

ambulatory care 

sensitive condition 

(i.e., risk of 

avoidable 

hospitalization) 

 

For each year: 

-identify inpatients records from acute care hospitals with CHF as the 

most responsible diagnosis; patients must be alive and aged below 75 

years  
Data sources: CHF, RPDB, DAD 

Mortality risk score   

For each year, calculate CHF patients’ mortality risk score as per the 

algorithm developed by Austin and Walraven (2011)(Austin & 

Walraven, 2011)  
Data sources: RPDB, OHIP, DAD, NACRS 

Abbreviations: CAPE: Client Agency Program Enrollment Registry, CPDB: Corporate Provider Database, DAD: 

Canadian Institute for Health Information - Hospital Discharge Abstract Database, IPDB: ICES Physician Database, 

NACRS: National Ambulatory Care Reporting System, OHIP: Ontario Health Insurance Plan Database, RPDB: 

Registered Persons Database, ACSC: ambulatory care sensitive condition,  

Note: CHF (under column ‘Quality indicator’): congestive heart failure; CHF (under ‘Data sources’): Ontario congestive 

heart failure database. 
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Table 2 ICD-10-CA codes for avoidable CHF-related hospitalization 

 

 

 

 

 

 

 

 

 

 

 

 

 

Codes* I50, J81 

Abbreviation: ICD-10-CA: Canadian modification for International Classification of Diseases and 

Related Health Problems (10th Revision Canadian Modification codes). CHF: congestive heart failure 

*We excluded cases with cardiac procedures. 

The following are the list of cardiac procedure codes (in CCP, ICD-9-CM and CCI) for exclusion: 

CCP:47^^, 480^-483^, 489.1, 489.9, 492^-495^, 497^ ,498^ 

ICD-9-CM: 336, 35^^,36^^,373^,375^,377^,378^,379.4-379.8 

CCI: 1.HA.58.^^, 1.HA.80.^^, 1.HA.87.^^, 1.HB.53.^^, 1.HB.54.^^, 1.HB.55.^^, 1.HB.87.^^, 

1.HD.53.^^, 1.HD.54.^^, 1.HD.55.^^, 1.HH.59.^^, 1.HH.71.^^, 1.HJ.76.^^, 1.HJ.82.^^, 1.HM.57.^^, 

1.HM.78.^^, 1.HM.80.^^, 1.HN.71.^^, 1.HN.80.^^, 1.HN.87.^^, 1.HP.76.^^, 1.HP.78.^^, 1.HP.80.^^, 

1.HP.82.^^, 1.HP.83.^^, 1.HP.87.^^, 1.HR.71.^^, 1.HR.80.^^, 1.HR.84.^^, 1.HR.87.^^, 1.HS.80.^^, 

1.HS.90.^^, 1.HT.80.^^, 1.HT.89.^^, 1.HT.90.^^, 1.HU.80.^^, 1.HU.90.^^, 1.HV.80.^^, 1.HV.90.^^, 

1.HW.78.^^, 1.HW.79.^^, 1.HX.71.^^, 1.HX.78.^^, 1.HX.79.^^, 1.HX.80.^^, 1.HX.83.^^, 1.HX.86.^^, 

1.HX.87.^^, 1.HY.85.^^, 1.HZ.53 rubric (except 1.HZ.53.LA-KP), 1.HZ.54.^^, 1.HZ.55 rubric (except 

1.HZ.55.LA-KP), 1.HZ.56.^^, 1.HZ.57.^^, 1.HZ.59.^^, 1.HZ.80.^^, 1.HZ.85.^^, 1.HZ.87.^^, 

1.IF.83.^^, 1.IJ.50.^^, 1.IJ.54.GQ-AZ, 1.IJ.55.^^, 1.IJ.57.^^, 1.IJ.76.^^, 1.IJ.80.^^, 1.IJ.86.^^, 

1.IK.50.^^, 1.IK.57.^^, 1.IK.80.^^, 1.IK.87.^^, 1.IN.84.^^, 1.LA.84.^^, 1.LC.84.^^, 1.LD.84.^^, 

1.YY.54.LA-NJ, 1.YY.54.LA-FS, 1.YY.54.LA-NM 

 

Source: Canadian Institute for Health Information. Ambulatory Care Sensitive Conditions. Indicator 

Library(Canadian Institute for Health Information, 2018) 
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Supplementary Appendix S2A: Detailed information on statistical analyses  

 

Inverse probability weighting, balancing diagnostics after propensity score based 

weighting, and robustness checks 

 

In inverse probability weighting for estimation of average effect of intervention on the 

exposed group is used. Here, a weight of one is assigned to FHO physicians (i.e., switchers); non 

switchers were given a weight that corresponded to the distance between the non-switcher’s and 

switcher’s propensity scores within a bandwidth of 0.06 (Garrido et al., 2014; Guo & Fraser, 

2015). 

Balance in covariate distribution between switcher and non-switcher physicians was 

assessed using t-tests and standardized bias tests (Guo & Fraser, 2015; Harder et al., 2010); the 

literature suggests that a standardized bias of 10% or less after applying inverse probability 

weighting is indicative of reasonable balance (Austin, 2009; Garrido et al., 2014). 

We also used inverse probability weights from two other alternative techniques that are 

robust to covariate imbalance, namely, covariate balancing propensity score (Imai & Ratkovic, 

2014) and entropy balancing weights (Hainmueller, 2012). Model misspecification—which 

results in biased estimates—occurs when the estimated propensity score is different from the true 

propensity score (Drake, 1993), and misspecification can occur even when there is balance in 

covariate distribution using kernel weighting. However, CBPS and EB weighting are 

demonstrated to be doubly robust (Imai & Ratkovic, 2014; Q. Zhao & Percival, 2015), meaning 

that if either the propensity score model or the outcome model is correctly specified the 

estimated results are reliable. Obtaining similar results from all three weighting would support 
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that our conclusions are robust to either model misspecification. Moreover, recent studies have 

used CBPS and EB as robustness checks (Sarma et al., 2018; Somé et al., 2019). 

Regression equation 

Fractional correlated random effects models (equivalent to the weighted fixed-effects 

regressions in the context of fractional outcomes) were used for outcomes that were proportions 

(Papke, 1996); linear weighted fixed-effects regression was used for mortality risk scores (Sarma 

et al., 2018); and weighted Poisson fixed-effects regression was used for avoidable CHF-related 

hospitalization. The equation below represents the statistical model for our fixed-effects 

regression: 

Yit = αi + δFHOit + βXit + εit 

Here, the outcome variable of interest in time t is represented by Yit; αi captures physician-

specific time-invariant factors; FHO represents the switcher vs. non-switcher dichotomous 

variable; δ is the point estimate of interest (i.e., effect of switching to FHO on outcome). The 

vector Xit included age, age squared, international medical graduate status, physicians’ group 

size, number of enrolled patients, proportion of female patients, average age of patients in 

physicians’ practice, proportion of patients living in rural areas, proportion of patients in low 

income quintile and average ADG score of patients; εit is the error term. To account for the 

fraction of time a switcher was in a FHO during the first year of switching, we used fractional 

year.  
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Supplemental Figure S0. A simple flow chart depicting derivation of the final sample sizes of physicians. 

Total number of switchers and non-switchers across the observation period of 10 years = 3,716 

All 3,716 physicians are in the Family Health Group model at the baseline. 

Overtime, 1942 of 3716 physicians switched to Family Health Organization and remained in a FHO. 

 

Of the 3630 physicians,763 physicians are present 

every year.  

Of the 3,716 physicians, 3630 physicians have at least 

one patient who is discharged from a hospitalization 
Analyses were conducted on a balanced panel; and only physicians present in 

every year were included. Of the 3,716 physicians, 2649 are present every year 

Analyses were conducted on a balanced panel; and 

only physicians present in every year were included. 

Thus, 2867 physicians were excluded to achieve a 

balanced panel. 

Of the 763 physicians, 14 are off the range of 

common support 

749 physicians included in analyses 

Of 2649 physicians, 10 are off the range of common support 

2639 physicians included in analyses 

Sample for analyses of follow up care Sample for analyses of health outcomes (i.e., mortality and avoidable 

hospitalizations) 
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Supplementary Appendix S2B Descriptive statistics for follow up care, avoidable hospitalizations and mortality risk scores 

 

  Table 1 Mean values of outcomes and covariates for switchers (n=478) and non-switchers (n=271) in the sample for follow-up care 

  Switcher/Non

-switcher a 

Fiscal year 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Outcome variable 

7-day follow up 

(proportion) 0 0.271 0.269 0.291 0.286 0.294 0.304 0.247 0.293 0.286 0.268 

  1 0.304 0.27 0.274 0.274 0.277 0.254 0.244 0.257 0.231 0.221 

30-day follow up 

(proportion) 0 0.561 0.549 0.577 0.614 0.592 0.615 0.56 0.594 0.562 0.558 

  1 0.595 0.586 0.589 0.581 0.567 0.548 0.554 0.561 0.529 0.52 

Physicians’ characteristics b 

Age (years) 0 53.691 54.691 55.691 56.691 57.691 58.691 59.691 60.691 61.691 62.691 

  1 51.917 52.917 53.917 54.917 55.917 56.917 57.917 58.917 59.917 60.917 

Female (proportion) 0 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 0.137 

  1 0.101 0.101 0.101 0.101 0.101 0.101 0.101 0.101 0.101 0.101 

Group size 0 45.953 46.056 56.181 58.377 57.34 51.137 47.052 45.724 41.823 40.388 

  1 39.827 37.118 48.402 44.641 37.153 24.442 18.622 18.814 17.383 16.164 

IMG 0 0.174 0.174 0.174 0.174 0.174 0.174 0.174 0.174 0.174 0.174 

  1 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 0.126 
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Number of enrollees 0 1946.6 2024.62 2044.1 2045.3 2007.83 1979.27 1951.07 1903.80 1875.72 1832.9 

  1 1995.3 2055.18 2051.64 1991.1 1953.48 1913.33 1872.2 1830.46 1787.78 1740.715 

Patients’ characteristics  

Female (proportion) 0 0.487 0.486 0.484 0.483 0.481 0.48 0.48 0.481 0.48 0.478 

  1 0.484 0.483 0.481 0.482 0.48 0.48 0.48 0.48 0.479 0.477 

Rural areas 

(proportion) 0 0.066 0.064 0.065 0.065 0.065 0.065 0.065 0.065 0.065 0.065 

  1 0.107 0.105 0.105 0.104 0.102 0.102 0.101 0.101 0.101 0.101 

Average age (in years) 0 41.892 42.385 42.934 43.413 43.91 44.444 44.987 45.653 46.202 46.757 

  1 42.73 43.16 43.595 44.191 44.725 45.304 45.89 46.456 47.017 47.543 

Low income quintile 

(proportion) 0 0.408 0.403 0.398 0.395 0.393 0.39 0.39 0.388 0.387 0.384 

  1 0.387 0.383 0.379 0.376 0.373 0.372 0.371 0.37 0.368 0.364 

Average ADG 0 3.458 3.442 3.383 3.446 3.483 3.478 3.527 3.479 3.449 3.481 

  1 3.402 3.361 3.297 3.356 3.337 3.304 3.319 3.229 3.195 3.214 

Abbreviations: Aggregated Diagnosis Group (Johns Hopkins), IMG: International Medical Graduate 

a 0=non-switchers, 1=switchers 

b Switchers’ and non-switchers’ expected income gain in the baseline year were $155,490 and $124,425 respectively 

Percentages are expressed as proportions 
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Table 2 Mean values of outcomes and covariates for the switchers (n=1,596) and non-switchers (n=1,043) in the sample for mortality risk scores, and avoidable CHF-related 

hospitalizations. 

 
  

 Switcher a 

Fiscal year 

 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

Outcome Variables 

mortality risk score 0 66.645 66.28 66.502 66.619 66.679 66.926 67.045 67.162 67.467 66.966 

  1 67.066 67.068 66.858 67.245 67.062 67.272 67.325 67.406 67.752 67.211 

Avoidable CHF 0 0.009 0.0077 0.0096 0.014 0.0124 0.0029 0.0086 0.0048 0.0058 0.0086 

  1 0.014 0.0088 0.0081 0.0088 0.0050 0.0056 0.0087 0.0069 0.0069 0.0056 

Physicians’ characteristics b 

Age (years) 0 50.87 51.87 52.87 53.87 54.87 55.87 56.87 57.87 58.87 59.87 

  1 48.743 49.743 50.743 51.743 52.743 53.743 54.743 55.743 56.743 57.743 

Female (proportion) 0 0.331 0.331 0.331 0.331 0.331 0.331 0.331 0.331 0.331 0.331 

  1 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 0.364 

Group size 0 48.393 48.678 60.548 62.813 61 55.024 50.878 49.25 45.257 43.039 

  1 37.15 36.443 46.99 44.576 37.368 24.852 20.815 20.558 18.19 17.053 

IMG (proportion) 0 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 0.219 

  1 0.117 0.117 0.117 0.117 0.117 0.117 0.117 0.117 0.117 0.117 

Number of enrolled patients 0 1689.948 1770.188 1784.469 1785.185 1755.718 1738.964 1718.32 1683.034 1659.118 1621.94 

  1 1656.992 1716.416 1720.539 1681.295 1651.425 1625.038 1596.587 1563.706 1538.805 1501.079 

Patients’ characteristics 
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Female (proportion) 0 0.528 0.526 0.524 0.522 0.52 0.518 0.517 0.517 0.515 0.513 

  1 0.539 0.538 0.536 0.535 0.534 0.533 0.533 0.532 0.53 0.528 

Rural areas (proportion) 0 0.055 0.053 0.053 0.053 0.053 0.053 0.054 0.054 0.054 0.054 

  1 0.099 0.099 0.099 0.098 0.098 0.098 0.098 0.098 0.098 0.097 

Average age (in years) 0 38.292 38.741 39.234 39.701 40.179 40.732 41.285 41.902 42.487 43.033 

  1 39.153 39.586 40.04 40.586 41.102 41.659 42.238 42.842 43.408 43.937 

Low income quintile 

(proportion) 0 0.398 0.392 0.386 0.382 0.379 0.377 0.375 0.374 0.372 0.366 

  1 0.355 0.35 0.346 0.342 0.339 0.337 0.336 0.335 0.333 0.327 

Average ADG 0 3.377 3.352 3.283 3.348 3.384 3.372 3.415 3.35 3.311 3.34 

  1 3.322 3.282 3.217 3.264 3.251 3.211 3.222 3.126 3.078 3.092 

Abbreviations: Aggregated Diagnosis Group (Johns Hopkins), IMG: International Medical Graduate, CHF: congestive heart failure 

a 0=non-switchers, 1=switchers 

b Switchers’ and non-switchers’ expected income gain in the baseline year were $125,041 and $ 94,658 respectively 

Percentages are expressed as proportions 
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Supplementary Appendix S3. Balancing diagnostics 

 

Results of propensity score-based weighting are presented in Tables S1 to S6; a standardized bias of no greater than 7% were reported 

for all variables after applying inverse probability weighting. Furthermore, visual representation of the distribution of propensity 

scores, and the standardized difference in means and variance ratios confirmed that there was reasonable balance in the distribution of 

covariates between switchers and non-switchers after weighting (Figures S1 – S4). 
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Supplementary Table S1. Results from kernel weighting for follow-up care 

 Covariate 

Mean and standardized bias prior to kernel weighting Mean and standardized bias after kernel weighting 

Switcher Non-switcher Biasa t-

statistic 

p-

value 
Switcher 

Non-

switcher 
Biasa t-

statistic 
p-value 

Physicians’ characteristics 

Expected income gain (in 

thousand $) 155.49 124.42 33.2 14.11 0 155.49 154.33 1.2 0.21 0.836 

Expected income gain 

squared 31641 25483 15.8 6.71 0 31641 31177 1.2 0.2 0.84 

Age (years) 56.416 58.19 -19.7 -8.28 0 51.916 52.149 -2.6 -0.44 0.663 

Age squared 3258.8 3471.4 -20.8 -8.78 0 2763.1 2788.2 -2.5 -0.46 0.648 

Female (proportion) 0.10042 0.13653 -11.2 -4.74 0 0.10042 0.09994 0.1 0.02 0.98 

IMG (proportion) 0.12552 0.17343 -13.5 -5.71 0 0.12552 0.12643 -0.3 -0.04 0.966 

Group size 30.256 49.003 -31.4 -13.57 0 39.826 41.057 -2.1 -0.33 0.74 

Number of enrolled 

patients 1919.1 1961.1 -5.4 -2.33 0.02 1995.3 1982.5 1.7 0.26 0.792 

Patients’ characteristics 

Female (proportion) 0.48001 0.48144 -1.9 -0.8 0.423 0.48331 0.48455 -1.7 -0.27 0.788 

Rural areas (proportion) 0.10247 0.06426 20.8 8.49 0 0.10609 0.10975 -2 -0.26 0.799 

Average age (in years) 45.061 44.257 14 5.81 0 42.729 42.72 0.2 0.03 0.979 

Low income quintile 

(proportion) 0.37383 0.3931 -14.2 -5.97 0 0.38674 0.38747 -0.5 -0.08 0.933 

Average ADG 3.3009 3.4621 -36.4 -15.23 0 3.4016 3.4143 -2.9 -0.44 0.661 

Outcome Variables 

Proportion of discharges 

that were followed up 

within 7 days 0.2601 0.28052 -7.3 -3.04 0.002 0.30359 0.29489 3.1 0.48 0.631 

Proportion of discharges 

that were followed up 

within 30 days 0.56243 0.57772 -4.7 -1.94 0.052 0.59468 0.58626 2.6 0.41 0.682 

Abbreviations: IMG: International Medical Graduate, ADG: Aggregated Diagnosis Groups (Johns Hopkins), CHF: congestive heart failure, aStandardized bias 
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Supplementary Table S2. Results from CBPS weighting for CHF follow-up care. 

Covariate Means and standardized bias after CBPS weighting 

 

 Switcher Non-switcher Biasa t-statistic p-value  

Expected income gain (in thousand $) 155.49 155.49 0 0 1  

Expected income gain squared 31641 31641 0 0 1  

Age (years) 51.916 51.916 0 0 1  

Age squared 2763.1 2763.1 0 0 1  

Female (proportion) 0.10042 0.10042 0  1  

Group size 39.826 39.826 0 0 1  

IMG (proportion) 0.12552 0.12552 0 0 1  

Number of enrolled patients 1995.3 1995.3 0 0 1  

Female (proportion) 0.48331 0.48331 0 0 1  

Rural areas (proportion) 0.10609 0.1061 0 0 1  

Average age (in years) 42.729 42.729 0 0 1  

Low income quintile (proportion) 0.38674 0.38675 0 0 0.999  

Average ADG 3.4016 3.4016 0 0 1  

Proportion of discharges that were followed up within 7 days 0.30359 0.30359 0 0 1  

Proportion of discharges that were followed up within 30 days 0.59468 0.59468 0 0 1  
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Supplementary Table S3.  Results from EB weighting for follow-up care. 

Covariate Means and standardized bias after EB weighting 

Switcher Non-switcher Biasa t-statistic p-value 

Expected income gain (in thousand $) 155.49 155.53 0 -0.01 0.994 

Expected income gain squared 31641 31643 0 0 1 

Age (years) 51.916 51.92 0 -0.01 0.995 

Age squared 2763.1 2763.3 0 0 0.996 

Female (proportion) 0.10042 0.10022 0.1 0.01 0.992 

Group size 39.826 39.829 0 0 0.999 

IMG (proportion) 0.12552 0.12525 0.1 0.01 0.99 

Number of enrolled patients 1995.3 1995.4 0 0 0.997 

Female (proportion) 0.48331 0.48335 0 -0.01 0.993 

Rural areas (proportion) 0.10609 0.1061 0 0 1 

Average age (in years) 42.729 42.732 -0.1 -0.01 0.992 

Low income quintile (proportion) 0.38674 0.38677 0 0 0.997 

Average ADG 3.4016 3.4019 -0.1 -0.01 0.992 

Proportion of discharges that were followed up within 7 days 0.30359 0.30361 0 0 0.999 

Proportion of discharges that were followed up with within 30 days 0.59468 0.59472 0 0 0.998 
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Supplementary Table S4. Results from kernel weighting for mortality and avoidable hospitalizations. 

 Covariate Means and standardized bias prior to kernel weighting Means and standardized bias after kernel weighting 

Switcher Non-switcher Biasa t-statistic p-value Switcher Non-switcher Biasa t-statistic p-value 

Physicians’ characteristics 

Expected income gain (in thousand $) 125.04 94.657 34.8 28.13 0 125.04 124.96 0.1 0.03 0.977 

Expected income gain squared 22028 17792 14.7 11.73 0 22028 22564 -1.9 -0.52 0.601 

Age (years) 53.242 55.37 -22.8 -18.2 0 48.742 48.944 -2.2 -0.66 0.512 

Age squared 2917.6 3157 -23.4 -18.73 0 2450.5 2470.9 -2 -0.67 0.502 

Female (proportion) 0.36341 0.33078 6.9 5.43 0 0.36341 0.3543 1.9 0.54 0.592 

IMG (proportion) 0.11654 0.2186 -27.6 -22.5 0 0.11654 0.11668 0 -0.01 0.991 

Group size 30.399 52.487 -36.1 -29.63 0 37.15 38.813 -2.7 -0.88 0.376 

Number of enrolled patients 1625.2 1720.7 -12.4 -10.03 0 1657 1648.1 1.1 0.33 0.743 

Patients’ characteristics 

Female (proportion) 0.53334 0.5195 12.1 9.55 0 0.53882 0.53623 2.3 0.61 0.545 

Rural areas (proportion) 0.09767 0.05305 25.3 19.6 0 0.09871 0.09908 -0.2 -0.05 0.962 

Average age (in years) 41.455 40.558 14.4 11.55 0 39.153 39.204 -0.8 -0.25 0.806 

Low income quintile (proportion) 0.33948 0.3797 -26.1 -20.99 0 0.35443 0.35826 -2.5 -0.72 0.473 

Average ADG 3.206 3.3527 -34.1 -27.36 0 3.322 3.3238 -0.4 -0.12 0.906 

Outcome variable 

Mean mortality risk score 67.226 66.829 7.2 5.76 0 67.066 67.173 -1.9 -0.53 0.597 

Abbreviations: IMG: International Medical Graduate, ADG: Aggregated Diagnosis Groups (Johns Hopkins), CHF: congestive heart failure, aStandardized bias 
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Supplementary Table S5. Results from CBPS weighting for mortality risk scores and avoidable hospitalizations. 

Covariate 

Means and standardized bias after CBPS weighting 

Switcher Non-switcher Biasa t-statistic p-value 

Expected income gain (in thousand $) 125.04 125.04 0 0 1 

Expected income gain squared 22028 22028 0 0 1 

Age (years) 48.742 48.742 0 0 1 

Age squared 2450.5 2450.5 0 0 1 

Female (proportion) 0.36341 0.36341 0 0 1 

Group size 37.15 37.15 0 0 1 

IMG (proportion) 0.11654 0.11654 0 0 1 

Number of enrolled patients 1657 1657 0 0 1 

Female (proportion) 0.53882 0.53882 0 0 1 

Rural areas (proportion) 0.09871 0.09872 0 0 1 

Average age (in years) 39.153 39.153 0 0 1 

Low income quintile (proportion) 0.35443 0.35443 0 0 1 

Average ADG 3.322 3.322 0 0 1 

Mean mortality risk score 67.066 67.066 0 0 1 
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Supplementary Table S6. Results from EB weighting for CHF avoidable hospitalizations. 

 Covariate Means and standardized bias after EB weighting 

Switcher Non-switcher Biasa t-statistic p-value 

Expected income gain (in thousand $) 125.04 125.04 0 0 0.999 

Expected income gain squared 22028 22029 0 0 0.999 

Age (years) 48.742 48.743 0 0 0.998 

Age squared 2450.5 2450.5 0 0 0.999 

Female (proportion) 0.36341 0.36331 0 0.01 0.996 

Group size 37.15 37.15 0 0 1 

IMG (proportion) 0.11654 0.1165 0 0 0.997 

Number of enrolled patients 1657 1657 0 0 1 

Female (proportion) 0.53882 0.53883 0 0 0.999 

Rural areas (proportion) 0.09871 0.09872 0 0 1 

Average age (in years) 39.153 39.153 0 0 0.998 

Low income quintile (proportion) 0.35443 0.35444 0 0 0.998 

Average ADG 3.322 3.322 0 0 0.997 

Mean mortality risk score 67.066 67.067 0 0 0.996 
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Supplemental Figure S1. Distribution of propensity scores before and after kernel weighting for follow-up care. 
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Supplemental Figure S2. Standardized mean difference and variance ratio for covariates from the unweighted (i.e., raw) and 

weighted (i.e., matched) samples for follow-up care. 
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Supplemental Figure S3. Distribution of propensity scores before and after kernel weighting, for mortality and avoidable 

hospitalizations. 
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Supplemental Figure S4. Standardized mean difference and variance ratio for covariates from the unweighted (i.e., raw) and 

weighted (i.e. matched) samples for mortality and avoidable hospitalizations. 
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Supplementary Appendix S4 

Table 1. Effect of switching to FHO on CHF performance indicators. 

Variables 

Pooled Fixed 

Unweighted Kernel CBPS EB Unweight

ed 

Kernel CBPS EB 

Proportion of discharges that were 

followed up with a physician visit within 7 

days 

-0.0243** -0.00429 -0.00628 -0.012 -0.0142 -0.00571 -0.00565 -0.0127 

(-0.0445 - -

0.00411) 

(-0.0267 - 

0.0181) 

(-0.0287 - 

0.0161) 

(-0.0357 - 

0.0116) 

(-0.0396 - 

0.0111) 

(-0.0338 - 

0.0224) 

(-0.0333 - 

0.0220) 

(-0.0410 - 

0.0156) 

Proportion of discharges that were 

followed up with a physician visit within 

30 days 

-0.0258** -0.0153 -0.017 -0.0165 -0.00896 -0.00308 -0.00204 -0.014 

(-0.0492 - -

0.00247) 

(-0.0423 - 

0.0117) 

(-0.0433 - 

0.00924) 

(-0.0463 - 

0.0133) 

(-0.0390 - 

0.0210) 

(-0.0371 - 

0.0309) 

(-0.0362 - 

0.0321) 

(-0.0491 - 

0.0210) 

Mean mortality risk score -0.167 -0.222 -0.156 -0.0744 -0.126 -0.143 -0.142 -0.0973 

(-0.466 - 0.132) (-0.572 - 

0.128) 

(-0.504 - 

0.191) 

(-0.450 - 

0.301) 

(-0.371 - 

0.119) 

(-0.412 - 

0.127) 

(-0.423 - 

0.139) 

(-0.396 - 

0.201) 

Avoidable hospitalizations due to CHF 0.941 0.965 0.973 1.014 0.766 0.755 0.754 0.792 

(0.629 - 1.409) (0.614 - 

1.516) 

(0.621 - 

1.526) 

(0.668 - 

1.540) 

(0.425 - 

1.381) 

(0.417 - 

1.367) 

(0.411 - 

1.384) 

(0.439 - 

1.429) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; FHO: Family Health Organization, 

CHF: congestive heart failure.  

Number of observations for follow up care and health outcome indicators were 7,490 and 26,390, respectively. 
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Table 1. Effect of switching to FHO on CHF performance indicators, for male physicians. 

Variables 

Pooled Fixed 

Unweighte

d 

Kernel CBPS EB Unweighte

d 

Kernel CBPS EB 

Proportion of discharges that were followed up 

with a physician visit within 7 days 

-0.0286*** -0.00939 -0.0114 -0.0173 -0.0205 -0.0176 -0.0158 -0.0205 

(-0.0503 - -

0.00699) 

(-0.0333 - 

0.0146) 

(-0.0354 - 

0.0126) 

(-0.0427 - 

0.00813) 

(-0.0469 - 

0.00585) 

(-0.0458 - 

0.0105) 

(-0.0442 - 

0.0127) 

(-0.0497 - 

0.00862) 

Proportion of discharges that were followed up 

with a physician visit within 30 days 

-0.0279** -0.0168 -0.0189 -0.0185 -0.0121 -0.00939 -0.00681 -0.0163 

(-0.0523 - -

0.00354) 

(-0.0453 - 

0.0116) 

(-0.0466 - 

0.00881) 

(-0.0499 - 

0.0129) 

(-0.0432 - 

0.0189) 

(-0.0448 - 

0.0261) 

(-0.0426 - 

0.0290) 

(-0.0532 - 

0.0206) 

Mean mortality risk score -0.183 -0.156 -0.0885 -0.0267 -0.251** -0.261* -0.241 -0.199 

(-0.506 - 

0.140) 

(-0.534 - 

0.222) 

(-0.468 - 

0.292) 

(-0.452 - 

0.399) 

(-0.496 - -

0.00591) 

(-0.541 - 

0.0199) 

(-0.545 - 

0.0630) 

(-0.527 - 

0.129) 

Avoidable hospitalizations due to CHF 0.916 1.004 1.012 0.977 0.72 0.773 0.786 0.781 

(0.611 - 

1.371) 

(0.664 - 

1.520) 

(0.668 - 

1.533) 

(0.629 - 

1.519) 

(0.390 - 

1.331) 

(0.433 - 

1.379) 

(0.438 - 

1.413) 

(0.431 - 

1.414) 

 Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses  

Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

FHO: Family Health Organization, CHF: congestive heart failure 

Number of observations for follow up care and health outcome indicators were 6,640 and 17,140, respectively. 
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Table 2. Effect of switching to FHO on CHF performance indicators for female physicians. 

Variables 

Pooled Fixed 

Unweight

ed 
Kernel CBPS EB 

Unweight

ed 
Kernel CBPS EB 

Proportion of discharges that were followed up with a 

physician visit within 7 days 
⁑ ⁑ ⁑ ⁑ ⁑ ⁑ ⁑ ⁑ 

Proportion of discharges that were followed up with a 

physician visit within 30 days 

⁑ ⁑ ⁑ ⁑ ⁑ ⁑ ⁑ ⁑ 

Mean mortality risk score 

-0.339 -0.564 -0.465 -0.338 0.0823 0.0779 0.0386 0.0696 

(-0.941 - 

0.263) 

(-1.275 - 

0.147) 

(-1.170 - 

0.239) 

(-1.058 - 

0.382) 

(-0.440 - 

0.605) 

(-0.479 - 

0.635) 

(-0.518 - 

0.595) 

(-0.502 - 

0.641) 

Avoidable hospitalizations due to CHF 
1.079 0.945 0.952 1.27 1.004 0.75 0.713 0.866 

(0.326 - 

3.571) 

(0.246 - 

3.634) 

(0.252 - 

3.596) 

(0.410 - 

3.931) 

(0.213 - 

4.743) 

(0.146 - 

3.857) 

(0.134 - 

3.794) 

(0.170 - 

4.407) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses 

Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

FHO: Family Health Organization, CHF: congestive heart failure 

Number of observations for follow up care and health outcome indicators were 850 and 9,250, respectively. 

⁑ Insufficient sample size 
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Table 3. Effect of switching to FHO on CHF performance indicators for physicians aged below 55 years 

 

 

 

 

Variables 

Pooled Fixed 

Unweighted Kernel CBPS EB Unweighted Kernel CBPS EB 

Proportion of discharges that were 

followed up within 7 days 

-0.0308** -0.0102 -0.0121 -0.0223 -0.0341* -0.0224 -0.0242 -0.0329 

(-0.0581 - -

0.0034) 

(-0.0405 - 

0.0201) 

(-0.0428 - 

0.0187) 

(-0.0536 - 

0.00903) 

(-0.0692 - 

0.000935) 

(-0.0631 - 

0.0183) 

(-0.0638 - 

0.0155) 

(-0.0733 - 

0.0075) 

Proportion of discharges that were 

followed up within 30 days 

-0.0255 -0.0187 -0.0186 -0.029 -0.0302 -0.026 -0.0279 -0.0443* 

(-0.0568 - 

0.00577) 

(-0.0533 - 

0.0160) 

(-0.0532 - 

0.0160) 

(-0.0644 - 

0.00639) 

(-0.0719 - 

0.0114) 

(-0.0731 - 

0.0211) 

(-0.0751 - 

0.0193) 

(-0.0920 - 

0.00348) 

Mean mortality risk score -0.136 -0.236 -0.156 -0.128 -0.0963 -0.106 -0.0936 -0.0644 

(-0.511 - 

0.239) 

(-0.678 - 

0.205) 

(-0.593 - 

0.282) 

(-0.601 - 

0.344) 

(-0.410 - 

0.217) 

(-0.448 - 

0.235) 

(-0.446 - 

0.259) 

(-0.444 - 

0.315) 

Avoidable hospitalizations due to 

CHF 

0.78 0.874 0.887 0.898 0.542 0.506* 0.495* 0.542 

(0.450 - 

1.352) 

(0.473 - 

1.615) 

(0.480 - 

1.638) 

(0.518 - 

1.555) (0.249 - 1.180) 

(0.227 - 

1.124) 

(0.218 - 

1.124) 

(0.249 - 

1.182) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses Abbreviations: OLS: ordinary least 

squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; FHO: Family Health 

Organization, CHF: congestive heart failure 

Number of observations for follow up care and health outcome indicators were 4,100 and 18,050, respectively. 
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Table 4. Effect of switching to FHO on CHF performance indicators, for physicians aged 55 years and above 

Variables Pooled Fixed 

Unweighted Kernel CBPS EB Unweighted Kernel CBPS EB 

Proportion of discharges that were 

followed up with a physician visit within 

7 days 

-0.0169 0.000282 -0.00155 -0.000156 0.0112 0.0172 0.0197 0.0172 

(-0.0462 - 

0.0125) 

(-0.0315 - 

0.0321) 

(-0.0331 - 

0.0300) 

(-0.0342 - 

0.0339) 

(-0.0255 - 

0.0479) 

(-0.0196 - 

0.0540) 

(-0.0172 - 

0.0566) 

(-0.0210 - 

0.0554) 

Proportion of discharges that were 

followed up with a physician visit within 

30 days 

-0.0275 -0.0151 -0.0186 -0.00464 0.017 0.0257 0.0307 0.0252 

(-0.0618 - 

0.00684) 

(-0.0544 - 

0.0243) 

(-0.0566 - 

0.0194) 

(-0.0506 - 

0.0413) 

(-0.0268 - 

0.0608) 

(-0.0222 - 

0.0737) 

(-0.0177 - 

0.0791) 

(-0.0253 - 

0.0757) 

Mean mortality risk score -0.135 -0.153 -0.115 0.116 -0.156 -0.186 -0.239 -0.144 

(-0.614 - 

0.345) 

(-0.696 - 

0.390) 

(-0.653 - 

0.423) 

(-0.427 - 

0.658) (-0.507 - 0.195) 

(-0.565 - 

0.193) 

(-0.614 - 

0.136) 

(-0.559 - 

0.271) 

Avoidable hospitalizations due to CHF 1.29 1.289 1.266 1.421 1.335 1.471 1.505 1.691 

(0.736 - 

2.261) 

(0.744 - 

2.235) 

(0.730 - 

2.194) 

(0.822 - 

2.456) (0.553 - 3.218) 

(0.651 - 

3.327) 

(0.662 - 

3.419) 

(0.732 - 

3.907) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses 

Abbreviations: OLS: ordinary least squares, FE: fixed effects, CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

FHO: Family Health Organization, CHF: congestive heart failure 

Number of observations for follow up care and health outcome indicators were 3,390 and 8,340, respectively. 
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Supplementary Appendix S5  

Table 1. Effect of switching to FHO on CHF performance indicators, for physicians who switched in 2007, 2009, 2011 and 

2013 
Variables Fixed effects 

Unweighted Kernel CBPS EB 

2007         

Proportion of discharges that were followed up with a physician visit within 7 

days 

-0.00547 -0.00127 -0.00719 0.00107 

(-0.0331 - 0.0222) (-0.0309 - 0.0283) (-0.0374 - 0.0231) (-0.0283 - 0.0304) 

Proportion of discharges that were followed up with a physician visit within 30 

days 

-0.00301 0.0216 0.0106 0.0102 

(-0.0357 - 0.0297) (-0.0140 - 0.0572) (-0.0257 - 0.0469) (-0.0275 - 0.0480) 

Mean mortality risk score 

  

-0.145 -0.116 -0.127 -0.151 

(-0.389 - 0.0996) (-0.360 - 0.129) (-0.370 - 0.116) (-0.405 - 0.104) 

Avoidable hospitalizations due to CHF 0.819 0.946 0.878 0.985 

(0.420 - 1.596) (0.471 - 1.902) (0.431 - 1.787) (0.472 - 2.056) 

2009         

Proportion of discharges that were followed up with a physician visit within 7 

days 

-0.0202 -0.0162 -0.0185 -0.00904 

(-0.0633 - 0.0230) (-0.0613 - 0.0289) (-0.0636 - 0.0267) (-0.0548 - 0.0367) 

Proportion of discharges that were followed up with a physician visit within 30 

days 

-0.0139 -0.0133 -0.0162 -0.00734 

(-0.0670 - 0.0391) (-0.0732 - 0.0466) (-0.0762 - 0.0438) (-0.0677 - 0.0531) 

 Mean mortality risk score -0.156 -0.269 -0.269 -0.286* 

(-0.475 - 0.162) (-0.605 - 0.0680) (-0.610 - 0.0718) (-0.626 - 0.0542) 

Avoidable hospitalizations due to CHF 0.757 0.755 0.752 0.792 

(0.263 - 2.184) (0.225 - 2.533) (0.224 - 2.524) (0.233 - 2.694) 

2011         

Proportion of discharges that were followed up with a physician visit within 7 

days 

-0.0128 -0.0534 -0.061 -0.0599 

(-0.0975 - 0.0719) (-0.175 - 0.0687) (-0.183 - 0.0610) (-0.182 - 0.0624) 

Proportion of discharges that were followed up with a physician visit within 30 

days 

-0.0299 -0.0909 -0.0838 -0.0838 

(-0.124 - 0.0640) (-0.219 - 0.0372) (-0.212 - 0.0444) (-0.212 - 0.0447) 

Mean mortality risk score -0.14 0.0604 0.149 0.0515 

(-0.623 - 0.343) (-0.489 - 0.609) (-0.410 - 0.708) (-0.509 - 0.612) 

Avoidable hospitalizations due to CHF 0.957 1.914 2.011 1.808 

(0.194 - 4.722) (0.308 - 11.90) (0.317 - 12.76) (0.281 - 11.64) 
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2013         

Proportion of discharges that were followed up with a physician visit within 7 

days 

-0.0442 -0.0346 -0.0604 -0.0699 

(-0.194 - 0.106) (-0.206 - 0.137) (-0.225 - 0.105) (-0.240 - 0.100) 

Proportion of discharges that were followed up with a physician visit within 30 

days 

-0.0497 -0.0405 -0.0715 -0.0742 

(-0.209 - 0.110) (-0.226 - 0.145) (-0.252 - 0.109) (-0.261 - 0.113) 

Mean mortality risk score 

  

0.426 0.0667 0.0217 0.0803 

(-0.275 - 1.126) (-0.701 - 0.835) (-0.746 - 0.789) (-0.718 - 0.879) 

Avoidable hospitalizations due to CHF 0.231 1.696 1.7 1.935 

(0.000656 - 81.44) (0.0128 - 224.0) (0.0120 - 240.9) (0.00768 - 487.5) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; FHO: Family Health Organization, CHF: 

congestive heart failure 

Number of observations for follow-up care indicators were 6174, 3878, 1950, 966 for physicians who switched between 2008 & 2009, switched between 2010 & 

2011, switched between 2012 & 2013, and switched in 2014 &2015 respectively. 

Number of observations for health outcome indicators were 23832, 14161, 7300 and 3759 for physicians who switched between 2008 & 2009, switched between 2010 

& 2011, switched between 2012 & 2013, and switched in 2014 &2015 respectively. 
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Supplementary Appendix S6  

 

Table 1. Results from simple before and after analysis 

 Outcome variable Pooled Fixed effects 

Follow-up visit within 7 days of discharge 

(n=4,920) 

-0.0144 0.00627 

(-0.0441 - 0.0153) (-0.0244 - 0.0369) 

Follow-up visit within 30 days of discharge 

(n=4,920) 

-0.00481 0.0162 

(-0.0380 - 0.0284) (-0.0163 - 0.0487) 

Mean mortality risk score 

(n=16,060) 

-0.0943 -0.0857 

(-0.484 - 0.295) (-0.341 - 0.170) 

Avoidable hospitalizations 

(n=16,060) 

0.751 0.723 

(0.428 - 1.317) (0.341 - 1.534) 

Notes:  

-all regressions include all the covariates defined in Xit, 95% confidence interval in parentheses; n: number of observations 

-The before-after analyses are based on only switchers. In our main analyses (i.e., inverse probability weighted fixed effects 

regression), there were 478 and 1,596 switchers for follow-up care and health outcomes, respectively. However, in our 

simple before-after analysis, there were 492 and 1,606 switchers for follow-up care and health outcomes, respectively. Fewer 

physicians in the main analyses were due to the exclusion of physicians outside the range of common support. 
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Chapter 5 

5 The relationship between family physicians’ remuneration mechanism and 

quality of care for persons with chronic kidney disease 

5.1 Introduction 

 Healthcare systems in many developed nations have been endeavoring to improve 

the quality of care provided to patients with chronic diseases (Li et al., 2014). Like in 

many jurisdictions, the government of Ontario introduced primary care reform in the 

early 2000s (Sweetman & Buckley, 2014). To improve quality of primary care, the 

provincial government’s plan of action included restructuring the compensation 

mechanism of primary care physicians in Ontario and introducing pay-for-performance 

incentives (Marchildon & Hutchison, 2016). A reason for employing this tactic was the 

realization of a link between physicians’ behaviour and their remuneration mechanism; 

findings from various studies support a correlation between the two (Chami & Sweetman, 

2019; Kantarevic & Kralj, 2013; Kiran et al., 2014; Kralj & Kantarevic, 2013; Liddy, 

Singh, et al., 2011), but some studies do not find any association (Jaakkimainen et al., 

2011; Russell et al., 2009). Furthermore, P4P programs have been found to improve the 

quality of CKD care (Karunaratne et al., 2013; Lin et al., 2018; Richardson, 2013). 

Though many studies have investigated some aspects of the relationship between 

physicians’ compensation and the quality of care, there is a paucity of research on the 

relationship between primary care physicians’ mode of remuneration and quality of CKD 

management with the exception of one study by Liddy, Singh, et al. (2011). 
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Prior to Ontario’s primary care reform, 90 per cent of the province’s primary care 

physicians received the vast majority of their income through pure FFS (Sweetman & 

Buckley, 2014), a payment mechanism where the unit of payment is a service (Quinn, 

2015). The reform introduced blended payment systems where physicians obtain their 

income from multiple modes of payment (Marchildon & Hutchison, 2016). Family 

Health Group and Family Health Organization are the two dominant post-reform primary 

care models that remunerate family physicians through blended FFS (introduced July 

2003) and blended capitation (introduced November 2006), respectively (Sweetman & 

Buckley, 2014). Physicians in these two models are entitled to the same P4P incentives 

for the management of diabetes ($60 per enrolled patient per annum) and congestive 

heart failure ($125 per enrolled patient per annum) (Sweetman & Buckley, 2014), but no 

such incentives for chronic kidney disease currently exist. 

We used Ontario’s FHG and FHO models to investigate the relationship between 

physicians’ remuneration mechanism and quality of CKD management using four 

process indicators and mortality risk score. These care processes were identified through 

a literature search, and are relevant to the primary care setting; they were: testing of (1) 

serum creatinine and (2) urine ACR, (3) prescriptions for angiotensin converting enzyme 

inhibitors or angiotensin II receptor blockers, and (4) prescriptions for statins (Tu et al., 

2017). A person’s mortality risk score is an estimate of their 1-year risk of all-cause 

mortality according to the algorithm of Austin & Walraven (2011). 

The aim of our study was to determine whether patients received different quality 

of CKD management across FHO and FHG physicians. We hypothesized that persons 
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with CKD receive better management for their condition if their family physician is 

remunerated through blended capitation relative to blended FFS. Compared to a FFS-

based scheme, patients are more likely to receive better health management under a 

capitation-based system because capitation  incentivizes physicians to retain their 

enrollees—which can be achieved by keeping them as healthy as possible (Blomqvist & 

Busby, 2012; Brosig-Koch et al., 2017; Kralj & Kantarevic, 2013). Some empirical 

evidence suggests that capitation payment is associated with better care quality than FFS 

in the management of chronic conditions such as diabetes mellitus and asthma (Kiran et 

al., 2014; Kralj & Kantarevic, 2013; To et al., 2015).  

Our study found that patients in FHG received slightly more care than their 

counterparts in FHO; furthermore, our findings showed that patients in the blended FFS 

model had slightly higher mortality risk scores. These findings could be explained by the 

fact that patients in one model, on average, may be more (or less) healthy than patients 

under the other model. Due to data limitations, our findings were based on two years of 

observations and analyses were cross-sectional. Our study is the first to compare quality 

of CKD management in capitation- and FFS-based remuneration schemes for a primary 

care context.  

5.2 Methods 

Study design 

 All data were obtained through ICES (formerly known as the Institute for Clinical 

Evaluative Sciences), a not-for-profit organization that holds various administrative 

healthcare databases in Ontario. The use of data in this project was authorized under 
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section 45 of Ontario’s Personal Health Information Protection Act, which does not 

require review by a Research Ethics Board. We used a cross-sectional study design for 

two observation periods, namely, the 2014 and 2015 fiscal years (April to March). We 

observed FHG and FHO physicians and their enrolled patients diagnosed with CKD 

(diagnosis confirmed by two eGFR laboratory test results of below 60mL/min/1.73m2 

separated by at least 3 months but fewer than 18 months); the schematic for our cohort 

creation is presented in Appendix A for Chapter 5. Patients who were receiving dialysis 

or had a kidney transplant were excluded. 

For each observation period, five quality indicators were investigated: (1) serum 

creatinine testing, (2) urine ACR measurement, prescription of (3) ACEIs/ARBs and (4) 

statins, and (5) mortality risk sore—which are used to estimate a person’s risk of all-

cause mortality within a year. Estimation is through a logistic regression model where 

explanatory variables include the individual’s age, sex and comorbidity (the Johns 

Hopkins Aggregated Diagnoses Group (ADG) was used to quantify comorbidity) (Austin 

& Walraven, 2011; The Johns Hopkins University Bloomberg School of Public Health, 

2011). 

We examined patients’ receipt of the process indicators (1-4 above) at least once 

in each year, and information on data sources and variable definitions are provided in the 

Appendix (Sections A3.2 and A3.3 of Appendix A for Chapter 5). 

Statistical analyses 

Inverse probability weighted multivariable regressions  
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Analyses were conducted at the physician level; all patient-level information were 

aggregated to the level of the physician. The main explanatory variable was the primary 

care model (i.e., FHG or FHO). Given that a physician’s choice to be in either payment 

model is voluntary, there would be systematic differences between physicians in the two 

models. Such differences result in selection bias, which we addressed by employing 

multivariable regressions with inverse probability weights derived from propensity 

scores;  

Our inverse probability weights were derived from the propensity scores 

estimated through kernel matching—as it is a matching technique that is widely used in 

the health economics literature (Bamimore et al., 2020; Sarma et al., 2018; Somé et al., 

2019; Vu et al., 2020).In addition to using weights derived from kernel matching, we also 

used two alternative weighting procedures as robustness checks, namely, covariate 

balancing propensity scores (Imai & Ratkovic, 2014) and entropy balancing weighting 

(Hainmueller, 2012); these two alternative methods are virtually robust to model 

misspecification in simulation studies. 

A physician’s propensity score refers to their probability of being in either of two 

groups, given a set of observable explanatory variables. Such scores are estimated from 

logistic regressions whereby the probability of group assignment is regressed on a set of 

independent variables (Faries et al., 2010; Rosenbaum & Rubin, 1983). The general 

guideline is to include independent variables in a propensity score model that are likely to 

be related to both the outcome of interest and group assignment. Furthermore, a 

propensity score model is said to be covariate-balanced when the distribution of each 
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independent variable is balanced between the two groups after matching on the 

propensity score (Garrido et al., 2014); absolute value of the standardized difference is a 

common metric to quantify imbalance. If such value is 0% for a given covariate, the 

distribution of that covariate is said to be completely balanced; an imbalance between 

10% and 25% is acceptable (Garrido et al., 2014). The explanatory variables of our 

propensity score model included physician’s characteristics (age, sex, group size, number 

of enrolled patients, and country of medical education (United States/Canada or 

international)). We also included characteristics of patients in physicians’ practice such as 

the proportion of patients’ who are female, proportion of patients who live in rural areas, 

the average age of patients, and the proportion of patients in high income quintile.  

Physicians outside the range of common support were excluded. For our analyses, 

we refer to the FHO group as the treated, and the FHG group as the control or the 

untreated. When using inverse probability weighting to estimate the average treatment 

effect on the treated (ATT), the treated are given a weight of one; control subjects are 

given a weight that corresponds to the distance between them and treated subjects’ 

propensity scores within a bandwidth of 0.06 (Garrido et al., 2014). In ATT estimation, 

the treated correspond to the FHO physicians and the inverse probability weights for the 

FHG group creates a synthetic sample where distribution of the observable covariates is 

similar to the FHO physicians (Austin & Stuart, 2015).  

The comparison of CKD care quality between the FHG and FHO models was also 

conducted for four subgroups: physicians who were male, female, aged 55 years and 

above, and aged below 55 years. We conducted these subgroup analyses to observe 
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whether CKD care quality under FHG and FHO is similar—or different—in various 

subgroups of physicians. The literature is filled with inconsistent evidence on the impact 

of gender on care delivery (Berthold et al., 2008; Henderson & Weisman, 2001; Kim et 

al., 2005; Schmittdiel et al., 2000). While some studies found no relationship between 

physicians’ gender and care quality (Schmittdiel et al., 2000), others concluded that care 

provision varies according to gender; for example, Kim et al. (2005) found that female 

primary care physicians were more likely to provide lipid assessment for their patients 

with diabetes compared to their male counterparts. Some have explained that female 

physicians involve more positive talk, information-giving and question-asking in their 

practice style relative to their male peers (Bertakis et al., 1995). There literature is 

inconclusive about the relationship between a physician’s and their care quality (Tsugawa 

et al., 2017). Some argue that older physicians may provide better care than their younger 

peers as the older ones, on average, have practiced medicine longer; others propound that 

care delivery of younger physicians could be better than that of their older counterparts 

because the junior clinicians’ knowledge would be based on more current medical 

literature (Tsugawa et al., 2017). As the medical literature expands over time, older 

physicians’ knowledge may become outdated; furthemore, physicians may find it 

burdensome to update clinical practice with current the clinical literature (Tsugawa et al., 

2017). Moreover, the effect of continuing medical education (CME) is—according to 

literature—mixed: some studies found that CME impacts performance, while other s 

found that it is ineffective at improving physicians’ care practices (Cervero & Gaines, 

2015). 
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The equation below describes the multivariable regression: 

Yi = δFHOi + βXi + εit. 

Yi corresponds to the outcome of interest for physician i, FHO is a dummy variable 

which takes a value of one if physician i is in FHO and zero if in a FHG; δ is the 

estimated coefficient of interest capturing the association between a physician being in 

FHO (relative to being in a FHG) and Y; Xi is the vector of explanatory variables 

previously listed; εi is the error term. Fractional regressions were used for outcomes that 

were proportions (i.e., the four care processes) (Papke, 1996); linear regression was used 

for mortality risk score (as it is a continuous variable) (Sarma et al., 2018). 

All analyses were conducted with the statistical software Stata version 15.1 

(StataCorp, 2017).  

5.3 Results 

For 2014, we identified 4,008 physicians—1,085 in FHGs and 2,923 in FHOs; in 

2015, we identified 4,572 physicians, 1,195 in FHGs and 3,377 in FHOs. Figure 1 of 

Appendix B for Chapter 5 provides a flow chart depicting the derivation of the final 

sample sizes of physicians for our two observation periods.  

Covariate balance and descriptive statistics 

For the observation periods, all three weighting techniques (i.e., kernel, CBPS and 

EB weighting) yielded balance in distribution of observable covariates. Balancing 

diagnostics for kernel weighting are provided in Figure 5.1 and Tables 5.1 and 5.2; 

absolute standardized mean difference was under 15% for all covariates in both years. 
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Balancing diagnostics for the two alternative weighting procedures are provided in 

Appendix B (Tables 1 and 2 of Appendix B). 

 In both observation periods, more physicians were in FHOs, and were mostly 

males (Tables 5.3 and 5.4). Mean values for the four process indicators show that, by and 

large, care was slightly higher for patients in FHGs compared to those in FHOs. 

Association between FHO and CKD care quality for 2014 

Our inverse probability weighted regression results revealed that FHO compared 

to FHG was associated with 1.98% (95% CI: -2.81%,-1.16%) less serum creatinine 

testing  at least once each year, and 7.18% (95% CI: -8.78%,-5.57%) less urine ACR 

testing at least once a year (Table 5.5). We also found that FHO model was associated 

with patients, on average, having lower mortality risk scores by 0.905 (95% CI: -1.103, -

0.706). Our results showed no difference between the two models for prescription of 

ACEI/ARB and statins. Our results support that fewer patients were receiving care from 

FHO physicians in 2014: based on 170,494 total CKD patient-year observations in FHOs 

in our 2014 data (where 153,246 of the patients over 65 years),  there were 3,376 (CI: 

4,791, 1,978) less patients receiving testing for serum creatinine, and 12,241 (CI:14,969, 

9,497) less patients receiving urine ACR measurement. Our results also suggest that risk 

of all-cause mortality within one year was reduced by approximately 0.0131% (CI: 

0.0129%, 0.0133%). All results under CBPS and EB weighting were qualitatively similar 

(Table 5.5). 

For physicians who were male, female, younger (aged below 55 years), and older 

(55 years and above), being in a FHO (vs. FHG) was associated with less urine ACR 
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measurement at least once a year (Table 5.6). Of these four subgroups, point estimate of 

the absolute difference between FHO vs. FHG was highest in younger physicians (-

9.89%), and most attenuated in older physicians (-4.72%). In all subgroups excepts older 

physicians, FHO (vs. FHG) was associated with less serum creatinine testing at least once 

annually (Table 5.6). On average, patients’ mortality risk score was lower under FHO 

physicians of all four subgroups (Table 5.6). Results of subgroup analyses were mostly 

corroborated by CBPS and EB weights (Tables 3 to 7 in Appendix B). 

Association between FHO and CKD care quality for 2015 

Our inverse probability weighted regression results showed that FHO was 

associated with 2.40% (95% CI: -3.17%,-1.63%) less serum less serum creatinine testing  

at least once each year and 6.59% (95% CI: -8.08, -5.09%) less urine ACR measurements 

at least once a year (Table 5.7). On average, patients under FHO physicians had 0.809 

lower mortality risk score (95% CI: -1.009, -0.608). All results under CBPS and EB 

weighting were qualitatively similar (Table 5.7). Unlike for 2014, we found a significant 

difference for ACEI/ARB prescription: FHO was associated with more prescription of 

ACEIs/ARBs by 1.19% (95% CI: 0.402%, 1.98%); this finding was corroborated by only 

CBPS weights (Table 5.7). Our results support that fewer patients were receiving care 

from FHO physicians in 2015: based on 206,535 total CKD patient-year observations in 

FHOs in our 2015 data (where 185,270 of the patients are over 65 years),  there are 4,957 

(CI: 6,547, 3,367) less patients receiving testing for serum creatinine, and 13,611 (CI: 

16,688, 10,513) less patients receiving urine ACR measurement. Our results also suggest 

that risk of all-cause mortality within one year was reduced by approximately 0.0130% 
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(CI: 0.0128%, 0.0132%); our results also suggest that 2,205 (CI: 745, 3,668) more 

patients receive ACEI/ARB prescription in FHO (vs. FHG). 

For physicians who were male, female, younger, and older, being in a FHO (vs. 

FHG) was associated with less serum creatinine testing, and less urine ACR 

measurement, at least once a year (Table 5.8). On average, patients’ mortality risk score 

was lower under FHO physicians of all four subgroups (Table 5.8). The FHO model was 

associated with increased ACEI/ARB prescription only for the subpopulation of 

physicians who were female and older (Table 5.8). Results of subgroup analyses were 

mostly corroborated by CBPS and EB weights (Tables 8 to 12 in Appendix B). 

5.4 Discussion 

 We examined the association between primary care physicians’ payment 

mechanisms and the quality of primary care for persons with chronic kidney disease 

using four process indicators and a mortality risk score for 2014 and 2015. For 2014 and 

2015, inverse probability weighted regressions showed that persons with CKD are less 

likely to receive serum creatinine testing and urine ACR measurements in a FHO than in 

a FHG. However, we found that patients’ mortality risk scores were, on average, lower 

under FHO, and this finding could result from FHO physicians rostering healthier 

patients; this finding could also be explained by the possibility that patients under FHO 

are being kept healthier. Statin prescription did not differ under FHG and FHO for both 

years. For only 2015, our results revealed that patients in FHO are slightly more likely to 

receive ACEI or ARB prescriptions.   
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Our findings are at odds with our original hypothesis, namely that patients with 

CKD would receive better management for their condition if their family physician were 

remunerated through blended capitation relative to blended FFS.  However, we need to 

be cautious in interpreting our results because they are based on only two years of cross-

sectional data. Data unavailability at the time of our analyses deterred us from employing 

statistical techniques that address some of the potential bias that is present. Fixed-effects 

regressions would permit stronger conclusions.  

 Another limitation of our study pertains to our binary analyses of CKD process 

measures (e.g., ‘no’ vs. ‘at least one’ ACR measurement): in our study, quality of care 

process pertained to the provision vs. non provision of care. Given that the Ontario Drug 

Benefit program covers Ontarians aged 65 years and over (Cheung et al., 2017; 

Government of Ontario, 2020), we could not study individuals below this age group. The 

Ontario Laboratories Information System (OLIS) database was used to identify persons 

with CKD, as well as the laboratory-based process indicators (i.e., serum creatinine 

testing and urine ACR measurement). The OLIS database holds information from various 

laboratories across Ontario, including hospital laboratories, community laboratories and 

public health laboratories (eHealth Ontario, 2018a). The goal of OLIS is to have a 100 

per cent coverage for laboratory records in Ontario; the coverage has been increasing 

annually since 2006 (eHealth Ontario, 2012, 2016). The inconsistency in percent 

coverage across years deterred us from conducting longitudinal analysis to control for 

unobservable time-invariant confounding.  
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 In the existing literature, there is limited research on the relationship between 

primary care physicians’ remuneration mechanism and quality of care for CKD patients. 

Our result pertaining to serum creatinine testing is different from that of the study by 

Liddy, Singh, et al. (2011); the previous study found that blended capitation and FFS 

were similar in terms of measuring estimated glomerular filtration rate. This discrepancy 

could be due to the previous study using data from the Eastern part of Ontario only; 

moreover, the authors’ comparison was between a mixed and pure payment models (i.e., 

blended capitation vs. FFS)—unlike ours that compared two mixed payment models (i.e., 

blended capitation vs. blended FFS). 

While our study did not specifically investigate the impact of physicians’ switch 

from FHG to FHO, our conclusion for urine ACR measurement resonates with findings 

from Chami & Sweetman (2019) who found that switching physicians from FHGs to 

FHOs was associated with a reduction in laboratory requisitions. Moreover, the FHG and 

FHO models do not have financial incentives specifically for CKD care (Ontario Medical 

Association, 2015).  

Our study was the first to examine whether quality of CKD care varies between 

FFS-based and capitation-based schemes in the primary care setting. While we found that 

blended FFS can be associated with some better care processes for CKD, future studies 

could investigate the complexities of the relationship between physicians’ mode of 

remuneration and care quality for persons with this health condition using longitudinal 

analyses that accounts for more bias than cross-sectional approaches. Nonetheless, 
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findings from our study have contributed to the knowledge base on payment scheme and 

quality of primary care for persons with chronic kidney disease. 
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Figure 5.1 Distribution of propensity scores before and after kernel weighting for 2014 (top) and 2015 (bottom) 
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Table 5.1 Means and standardized bias before and after kernel weighting for 2014 

Covariate 

Means and standardized bias prior to kernel 

weighting 

Means and standardized bias after kernel 

weighting 

FHO FHG Bias FHO FHG Bias 

Physicians’ characteristics 

Age (years)  53.923 56.6 -26.1 53.923 54.874 -9.3 

Female 

(proportion) 
0.35888 0.33548 4.9 0.35888 0.32427 7.3 

Group size  18.043 23.672 -29.7 18.043 15.563 13.1 

Number of enrolled 

patients 
1513.4 1687.6 -25.1 1513.4 1495.2 2.6 

IMG (proportion) 0.15327 0.28848 -33.0 0.15327 0.1575 -1.0 

Patients’ characteristics 

Age, (years)  77.078 76.484 20.7 77.078 77.221 -5.0 

Female 

(proportion) 
0.58417 0.57175 9.6 0.58417 0.58251 1.3 

Rural area 

(proportion) 
0.14039 0.04745 42.4 0.14039 0.10928 14.2 

High income 

quintile 

(proportion) 

0.3879 0.39853 -6.6 0.3879 0.39762 -6.0 

Abbreviations:  FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate 

Note: FHO represents all physicians in the FHO model in 2014; FHG represents all physicians in the FHG model in 2014 
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Table 5.2 Means and standardized bias before and after kernel weighting for 2015 

Covariate 

Means and standardized bias prior to kernel 

weighting 

Means and standardized bias after kernel 

weighting 

FHO FHG Bias FHO FHG Bias 

Physicians’ characteristics 

Age (years) 53.534 56.635 -29.4 53.534 54.422 -8.4 

Female (proportion) 0.39147 0.35146 8.3 0.39147 0.35947 6.6 

Group size  17.834 26.18 -38.2 17.834 15.582 10.3 

Number of enrolled 

patients 1462.9 1639.1 -25.4 1462.9 1441.1 3.2 

IMG (proportion) 0.16908 0.30377 -32.1 0.16908 0.173 -0.9 

Patients’ characteristics 

Age (years)  76.938 76.442 17.4 76.938 77.083 -5.1 

Female (proportion) 0.58373 0.57307 8.2 0.58373 0.58403 -0.2 

Rural area (proportion) 0.13669 0.0456 42.1 0.13669 0.10636 14 

High income quintile 

(proportion) 0.38514 0.39868 -8.1 0.38514 0.39443 -5.6 
Abbreviations:  FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate 

FHO represents all physicians in the FHO model in 2015; FHG represents all physicians in the FHG model in 2015 
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Table 5.3 Mean values of outcome and explanatory variables for 2014 

Variables 
Model 

FHG (n=1,085) FHO (n=2,923) 

Physicians’ characteristics 

Age, in years (mean ± SD) 56.6 ± 10.2 53.9 ± 10.3 

Female (proportion) 0.34 0.36 

Group size (mean ± SD) 24 ± 23 18 ±14 

Number of enrolled patients (mean ± SD) 1687 ± 807 1413 ± 559 

IMG (proportion) 0.29 0.15 

Patients’ characteristics 

Age, in years (mean ± SD) 76.5 ± 3.1 77.1 ± 2.6 

Female (proportion) 0.57 0.58 

Rural area (proportion) 0.047 0.14 

High income quintile (proportion) 0.40 0.39 

Outcome 

Serum creatinine testing (proportion) 0.85 0.83 

Urine ACR measurement (proportion) 0.51 0.40 

ACEI/ARB prescription (proportion) 0.58 0.58 

Statin prescription (proportion) 0.65 0.63 

Mortality risk score (mean) 67.1 ± 4.4 67.0 ± 3.6 

Abbreviation: FHG: Family Health Group, FHO: Family Health Organization, ACR: albumin-to-creatinine ratio, ACEIs: 

angiotensin-converting enzyme inhibitors, ARBs: and angiotensin II receptor blockers, IMG: international medical graduate 
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Table 5.4 Mean values of outcome and explanatory variables for 2015 

Variables 
Model 

FHG (n=1,195) FHO (n=3,377) 

Physicians’ characteristics 

Age, in years (mean ± SD) 56.6 ± 10.5 53.5 ± 10.6 

Female (proportion) 0.35 0.39 

Group size (mean ± SD) 26 ± 27 18 ± 14 

Number of enrolled patients (mean ± SD) 1639 ± 799 1463 ± 566 

IMG (proportion) 0.30 0.17 

Patients’ characteristics 

Age, in years (mean ± SD) 76.4 ± 3.1 76.9 ± 2.6 

Female (proportion) 0.57 0.58 

Rural area (proportion) 0.05 0.14 

High income quintile (proportion) 0.40 0.39 

Outcome 

Serum creatinine testing (proportion) 0.85 0.83 

Urine ACR measurement (proportion) 0.50 0.39 

ACEI/ARB prescription (proportion) 0.56 0.57 

Statin prescription (proportion) 0.65 0.62 

Mortality risk score (mean) 67.3 ± 4.3 67.1 ± 3.6 

Abbreviation: FHG: Family Health Group, FHO: Family Health Organization, ACR: albumin-to-creatinine ratio, ACEIs: 

angiotensin-converting enzyme inhibitors, ARBs: and angiotensin II receptor blockers, IMG: international medical graduate 
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Table 5.5 Effect of FHO on quality of chronic kidney disease care for 2014 

Outcome variablea 
Unweighted Kernel CBPS EB 

Serum creatinine 

testing  
-0.0168*** -0.0198*** -0.0220*** -0.0141** 

(-0.0234 - -0.0101) (-0.0281 - -0.0116) (-0.0303 - -0.0136) (-0.0250 - -0.00320) 

Urine ACR 

measurement  
-0.0715*** -0.0718*** -0.0742*** -0.0666*** 

(-0.0858 - -0.0572) (-0.0878 - -0.0557) (-0.0911 - -0.0574) (-0.0880 - -0.0452) 

ACEI/ARB 

prescription 
0.00153 0.00178 0.00315 0.00133 

(-0.00587 - 0.00894) (-0.00636 - 0.00992) (-0.00490 - 0.0112) (-0.00943 - 0.0121) 

Statin prescription  -0.00409 -0.00386 -0.00618 -0.00611 

(-0.0126 - 0.00447) (-0.0134 - 0.00567) (-0.0158 - 0.00344) (-0.0177 - 0.00549) 

Mortality risk score  -0.822*** -0.905*** -0.841*** -0.740*** 

(-1.000 - -0.643) (-1.103 - -0.706) (-1.042 - -0.639) (-0.960 - -0.521) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

Abbreviations: ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CBPS: covariate 

balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; FHG: Family Health Group 

Total number of observations = 4,008 
aThis table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease. For example, 

physicians in FHO, relative to their counterparts in FHG, are less likely to provide serum creatinine testing by 1.98% in 

2014. This table also reports patients’ mean mortality risk score of under FHO—relative to FHG. 
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Table 5.6 Effect of FHO on quality of chronic kidney disease care across various subgroups of physicians for 2014 

Outcome variablea All 

(n=4,008) 

Male 

(n=2,595) 

Female 

(n=1,413) 

Young 

(n=1,923) 

Old 

(n=2,085) 

Serum creatinine testing  -0.0198*** -0.0189*** -0.0208*** -0.0284*** -0.0119* 

(-0.0281 - -

0.0116) 

(-0.0290 - -

0.00879) 

(-0.0347 - -

0.00702) 

(-0.0383 - -

0.0184) 

(-0.0239 - 

6.35e-05) 

Urine ACR measurement  -0.0718*** -0.0715*** -0.0718*** -0.0989*** -0.0472*** 

(-0.0878 - -

0.0557) 

(-0.0910 - -

0.0520) 

(-0.1000 - -

0.0437) 

(-0.123 - -

0.0746) 

(-0.0684 - -

0.0261) 

ACEI/ARB prescription 0.00178 -0.00341 0.0102 -0.00369 0.0056 

(-0.00636 - 

0.00992) 

(-0.0133 - 

0.00644) 

(-0.00418 - 

0.0245) 

(-0.0158 - 

0.00840) 

(-0.00521 - 

0.0164) 

Statin prescription  -0.00386 -0.00192 -0.0113 -0.00942 -0.00091 

(-0.0134 - 

0.00567) 

(-0.0133 - 

0.00946) 

(-0.0287 - 

0.00616) 

(-0.0231 - 

0.00431) 

(-0.0140 - 

0.0122) 

Mortality risk score  -0.905*** -1.082*** -0.653*** -0.971*** -0.797*** 

(-1.103 - -

0.706) 

(-1.319 - -

0.845) 

(-1.024 - -

0.282) 

(-1.285 - -

0.658) 

(-1.047 - -

0.547) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

Abbreviations: ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CBPS: covariate 

balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
aThis table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease for various 

subgroup of physicians. For example, male physicians in FHO, relative to their counterparts in FHG, are less likely to 

provide serum creatinine testing by 1.89% in 2014. This table also reports patients’ mean mortality risk score of under 

FHO—relative to FHG—for various subgroup of physicians. 
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Table 5.7 Effect of FHO on quality of chronic kidney disease care for 2015 

Outcome variablea 
Unweighted Kernel CBPS EB 

Serum creatinine testing  -0.0194*** -0.0240*** -0.0266*** -0.0215*** 

(-0.0258 - -0.0130) (-0.0317 - -0.0163) (-0.0345 - -0.0187) (-0.0316 - -0.0114) 

Urine ACR measurement  -0.0718*** -0.0659*** -0.0674*** -0.0592*** 

(-0.0853 - -0.0583) (-0.0808 - -0.0509) (-0.0818 - -0.0529) (-0.0796 - -0.0388) 

ACEI/ARB prescription 0.00824** 0.0119*** 0.0130*** 0.0063 

(0.00121 - 0.0153) (0.00402 - 0.0198) (0.00515 - 0.0208) (-0.00400 - 0.0166) 

Statin prescription  -0.00661* -0.00488 -0.00668 -0.0101* 

(-0.0145 - 0.00125) (-0.0141 - 0.00436) (-0.0156 - 0.00228) (-0.0217 - 0.00158) 

Mortality risk score  -0.732*** -0.809*** -0.776*** -0.809*** 

(-0.899 - -0.565) (-1.009 - -0.608) (-0.973 - -0.578) (-1.062 - -0.556) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

Abbreviations: ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CBPS: covariate 

balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 

Total number of observations = 4,572 
aThis table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease. For example, 

physicians in FHO, relative to their counterparts in FHG, are less likely to provide serum creatinine testing by 2.40% in 

2015. This table also reports patients’ mean mortality risk score of under FHO—relative to FHG. 
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Table 5.8 Effect of FHO on quality of chronic kidney disease care across various subgroups of physicians for 2015 

Outcome variable All 

(n=4,572) 

Male 

(n=2,830) 

Female 

(n=1,742) 

Young 

(n=2,222) 

Old 

(n=2,350) 

Serum creatinine testing  -0.0240*** -0.0205*** -0.0318*** -0.0301*** -0.0169*** 

(-0.0317 - -

0.0163) 

(-0.0305 - -

0.0104) 

(-0.0433 - -

0.0203) 

(-0.0407 - -

0.0195) 

(-0.0279 - -

0.00596) 

Urine ACR measurement  -0.0659*** -0.0616*** -0.0754*** -0.0861*** -0.0442*** 

(-0.0808 - -

0.0509) 

(-0.0801 - -

0.0431) 

(-0.101 - -

0.0496) 

(-0.109 - -

0.0636) 

(-0.0636 - -

0.0249) 

ACEI/ARB prescription 0.0119*** 0.00674 0.0197*** 0.00884 0.0134** 

(0.00402 - 

0.0198) 

(-0.00277 - 

0.0163) 

(0.00566 - 

0.0337) 

(-0.00272 - 

0.0204) 

(0.00292 - 

0.0239) 

Statin prescription  -0.00488 -0.00211 -0.00976 -0.0109 0.00193 

(-0.0141 - 

0.00436) 

(-0.0136 - 

0.00939) 

(-0.0254 - 

0.00592) 

(-0.0243 - 

0.00245) 

(-0.0106 - 

0.0145) 

Mortality risk score  -0.809*** -0.920*** -0.684*** -0.774*** -0.821*** 

(-1.009 - -0.608) (-1.161 - -0.679) (-1.034 (-1.074 - -0.475) (-1.084 - -0.558) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

Abbreviations: ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CBPS: covariate 

balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
aThis table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease for various 

subgroup of physicians. For example, male physicians in FHO, relative to their counterparts in FHG, are less likely to 

provide serum creatinine testing by 2.05% in 2015.This table also reports patients’ mean mortality risk score of under 

FHO—relative to FHG—for various subgroup of physicians. 
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Appendix A (for Chapter 5) 

A3.1 Schematic of Cohort Creation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
For the 2014 and 2015 fiscal years, identify the following for CKD patients: 

(1) patients who received creatinine testing,  (2) patients who received ACR testing (3) patients who received prescription of ACEI or ARBs (4) patients who 

received prescription of statins, and  (5) annual mortality risk (i.e., mortality risk score by algorithm from Austin et al. (2011) ). 

 

PCPs and enrolled CKD patients 

-Identify PCPs’ patients who have two eGFR laboratory test results of below 60mL/min/1.73m2, where the two eGFR test results are separated by at 

least 3 months but less than 18 months.  

-The date of the second eGFR test result will serve as the CKD cohort entry date (that will be referred to as CKD cohort entry date) 

-The time frame for 1st and 2nd test dates will be within the time period of March 31st, 2007 to April 1st 2016  

-Exclusions for CKD cohort (follow arrow below): 

  

Identify all Ontario primary care physicians (PCPs) in Family Health Groups and Family Health Organizations, and follow these physicians and their enrolled 

patients 

 

Exclusion for patients: 

-Missing/ invalid IKN  

-Missing age 

-Missing sex 

-Individuals who died on or before 

April 1st, 2007 

-Non-Ontario residents 

 

Exclusion for PCPs: 

-Missing/ invalid unique physician 

identifier 

-Missing age 

-Missing sex 

Physicians who switched multiple 

times 

 

Exclusions for CKD cohort: 

-Exclude individuals who are below 40 years of age on CKD 

Entry Date  

-Exclude individuals receiving ≥ 1 dialysis treatment within 

the 1 year prior to either of the 2 test dates (i.e., the first test 

date or CKD Entry Date): 

-Exclude individuals who had renal transplant prior to either 

of the test dates 
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Abbreviations:  eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease, IKN: ICES Key number; ACR: albumin-to-creatinine ratio; ACEI: 

angiotensin-converting enzyme inhibitors; ARB: angiotensin II receptor blockers 
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A3.2 Data sources for variables 

We used data from the following nine ICES databases: Client Agency Program Enrollment Registry, Canadian Institute 

for Health Information-Hospital Discharge Abstract Database, National Ambulatory Care Reporting System (NACRS), 

Ontario Laboratories Information System, Canadian Organ Replacement Registry (CORR), Ontario Health Insurance Plan 

Database, Registered Persons Database, and Ontario Drug Benefit Claims; these databases were linked using a unique patient 

identifier known as the ICES key number (IKN).  

CAPE is a registry which constitutes centralized information on individuals registered with doctors practicing in any of 

the patient enrolment models including Family Health Groups and Family Health Organizations (Glazier et al., 2012); this 

registry was used to identify patients in FHGs and FHOs. CAPE was also used to identify physicians’ information such as their 

date of birth, sex, and primary care model (i.e., FHG or FHO) (Lofters et al., 2013; Ontario Ministry of Health and Long Term 

Care, 2017). Information on persons undergoing organ transplant in Canada can be obtained through CORR (Canadian 

Institute for Health Information, 2020b; Nash et al., 2017); hence we used this database to exclude persons with end-stage 

kidney disease as per exclusion criteria in Section A3.1. Inpatient information (including diagnosis, length of stay, and 

patient’s sex) as from 1988 is obtainable through CIHI-DAD (or simply DAD) (Canadian Institute for Health Information, 

2020c). Persons with chronic kidney disease were identified using OLIS, a centralized information system containing data 
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pertaining to laboratory test orders (such as patient’s serum creatinine level, white blood count, etc.) from laboratories all 

across Ontario (eHealth Ontario, 2018b; ICES, 2016). We used OLIS to identify some of the process indicators for CKD care 

Information pertaining to outpatient care in facilities like kidney dialysis clinics and emergency departments are obtainable 

through NACRS (Canadian Institute for Health Information, 2020d; Gandhi, 2016; Glazier et al., 2012). Both NACRS and 

DAD were used for identifying CKD process indicators (more details in Section A3.3). Information on claims for prescription 

drugs financially covered by the Ontario Drug Benefit Program are available in ODB (Gandhi, 2016), and this database was 

used for the identification of prescription process indicators; ODB has coverage for individuals aged 65 years and above and 

special populations (e.g., persons on government-funded disability support). Information on medical services insured by 

Ontario’s single-payer healthcare insurance plan are available in the OHIP database (Gandhi, 2016; Glazier et al., 2012). 

Demographic information of Ontarians including sex, date of birth and death, and postal code are recorded in RPDB (Gandhi, 

2016; Glazier et al., 2012); we used RPDB to obtain patients’ demographic information. Computation of mortality risk score 

was based on information from NACRS, DAD and OHIP.
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A3.3 Definition of outcome variables 

Table A3.1 Definition of outcome for each quality indicator 

Quality indicator  Eligibility criteria for patients Outcome definition 

Receipt of at least one 

serum creatinine testing 

For each year: 

-persons who are confirmed to have 

CKD before start of fiscal yeara 

-only identify patients who are alive 

within that year 

 

 

 

 

 

 

  

For each year: 

-receipt of at least one serum creatinine 

testing, and 

• exclude if date of serum creatinine 

tests = date of a hospital (or an 

emergency department) 

admission, 

• exclude patients whose date of 

serum creatinine test = date of a 

hospital (or an emergency 

department) discharge, 

• exclude patients whose date of 

serum creatinine test falls between 

a hospital (or ED) admission and a 

hospital (or ED) discharge 

Data sources: OLIS, RPDB, CORR, DAD, NACRS 

Receipt of at least one 

urine ACR measurement 

 For each year: 

-persons who are confirmed to have 

CKD before start of fiscal yeara 

-only identify patients who are alive 

within that year 

 

 

 

 

 

For each year: 

-receipt of at least one ACR tests, 

and 

• exclude patients whose date of 

ACR tests = date of a hospital (or 

an emergency department) 

admission, 

• exclude patients whose date of 

serum creatinine test = date of a 
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  hospital (or an emergency 

department) discharge, 

• exclude patients whose date of 

serum creatinine test falls between 

a hospital (or ED) admission and a 

hospital (or ED) discharge 

Date sources: OLIS, RPDB, CORR, DAD, NACRS 

Prescription of ACEI or 

ARBs 

For each year: 

-persons who are confirmed to have 

CKD before start of fiscal yeara 

-only identify patients who are alive 

within that year 

-only include patients who are aged 

65 years or older 

 For each year: 

-identify patients who received a 

prescription for ACEI or ARB 

 

 

 

 

Data sources: ODB, RPDB, CORR 

Prescription of statins For each year: 

-persons who are confirmed to have 

CKD before start of fiscal yeara 

-only include patients who are alive 

within that year 

-only include patients who are aged 

65 years or older 

  

For each year: 

-identify patients who received a 

prescription for statin 

 

 

 

 

Data sources: ODB, RPDB, CORR 

Mortality risk Patients’ mortality risk score as per the algorithm by Austin et al. (2011)  

Data sources: RPDB, OHIP, DAD, NACRS 
aRefer to Section A3.1 for schematic of cohort creation for more explanation on CKD cohort 
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Appendix B (for Chapter 5) 

 

 

 

 

 

 

 

 

 

 

In 2014, there are 6398 physicians in FHG 

and FHO  

 

(FHG= 2274, FHO=4124) 

 

In 2015, there are 6705 physicians in FHG 

and FHO  

(FHG=2208, FHO=4497) 

Of the 6705 physicians, 4748 have at least 20 

patients eligible for prescription and lab-based 

indicators 

There were 176 physicians for whom kernel 

weights could not be computed, hence 4,572 

physicians included in analyses. These 4,572 

physicians were on common support 

 

Of these 6398 physicians, 4211 have at least 

20 patients eligible for prescription and lab-

based indicators 

Of these 4211, there are 4209 within the 

common support 

There were 201 physicians for whom kernel 

weights could not be computed; two 

physicians were off common support.  

Hence 4008 physicians included analyses 

2014 cross-sectional year 2015 cross-sectional year 

Figure 1 Simple schematic for derivation of final sample size 
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Table 1. Results from Covariate Balancing Propensity Score weighting and Entropy Balancing weighting for 2014 

Covariate 

Means and standardized bias after CBPS 

weighting 

Means and standardized bias after EB 

weighting 

FHO FHG Bias FHO FHG Bias 

Physicians’ characteristics 

Age (years) 53.923 53.923 0 53.923 53.923 0 

Female 

(proportion) 
0.35888 0.35887 0 0.35888 0.35871 0 

Group size  18.043 18.043 0 18.043 18.043 0 

Number of enrolled 

patients 
1513.4 1513.4 0 1513.4 1513.4 0 

IMG (proportion) 0.15327 0.15326 0 0.15327 0.15314 0 

Patients’ characteristics 

Age (years) 77.078 77.078 0 77.078 77.077 0 

Female 

(proportion) 
0.58417 0.58417 0 0.58417 0.58417 0 

Rural area 

(proportion) 
0.14039 0.1404 0 0.14039 0.14039 0 

High income 

quintile 

(proportion) 

0.3879 0.3879 0 0.3879 0.38789 0 

Abbreviations:  FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate 

FHO represents all physicians in the FHO model in 2014; FHG represents all physicians in the FHG model in 2014 
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Table 2. Results from Covariate Balancing Propensity Score weighting and Entropy Balancing weighting for 2015 

Covariate 

Means and standardized bias after CBPS 

weighting 

Means and standardized bias after EB 

weighting 

FHO FHG Bias FHO FHG Bias 

Physicians’ characteristics 

Age (years) 53.534 53.534 0 53.534 53.533 0 

Female 

(proportion) 

0.39147 0.39148 0 0.39147 0.39134 0 

Group size  17.834 17.834 0 17.834 17.834 0 

Number of enrolled 

patients 

1462.9 1462.9 0 1462.9 1462.9 0 

IMG (proportion) 0.16908 0.16909 0 0.16908 0.16896 0 

Patients’ characteristics 

Age (years) 76.938 76.938 0 76.938 76.937 0 

Female 

(proportion) 

0.58373 0.58373 0 0.58373 0.58372 0 

Rural area 

(proportion) 

0.13669 0.1367 0 0.13669 0.13669 0 

High income 

quintile 

(proportion) 

0.38514 0.38514 0 0.38514 0.38514 0 

Abbreviations:  FHG: Family Health Group, FHO: Family Health Organization, IMG: International Medical Graduate 

FHO represents all physicians in the FHO model in 2015; FHG represents all physicians in the FHG model in 2015 
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Table 3. Effect of FHO on serum creatinine testing at least once a year, across various physician subgroups for 2014 

Subgroup Unweighted Kernel CBPS EB 

Male -0.0143*** -0.0189*** -0.0207*** -0.0118* 

 (-0.0225 - -0.00612) (-0.0290 - -0.00879) (-0.0314 - -0.00994) (-0.0257 - 0.00218) 

Female -0.0235*** -0.0208*** -0.0236*** -0.0189** 

 (-0.0357 - -0.0114) (-0.0347 - -0.00702) (-0.0362 - -0.0109) (-0.0337 - -0.00408) 

Younger -0.0199*** -0.0284*** -0.0304*** -0.0200** 

 (-0.0296 - -0.0103) (-0.0383 - -0.0184) (-0.0409 - -0.0200) (-0.0353 - -0.00470) 

Older -0.0142*** -0.0119* -0.0138** -0.00887 

 (-0.0234 - -0.00512) (-0.0239 - 6.35e-05) (-0.0263 - -0.00130) (-0.0229 - 0.00514) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per serum 

creatinine testing—for various subgroup of physicians.  

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
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Table 4. Effect of FHO on urine albumin-to-creatinine ratio testing at least once a year, across various physician subgroups 

for 2014 

Subgroup Unweighted Kernel CBPS EB 

Male -0.0706*** -0.0715*** -0.0732*** -0.0657*** 

 (-0.0881 - -0.0531) (-0.0910 - -0.0520) (-0.0937 - -0.0527) (-0.0914 - -0.0400) 

Female -0.0726*** -0.0718*** -0.0760*** -0.0683*** 

 (-0.0979 - -0.0473) (-0.1000 - -0.0437) (-0.104 - -0.0479) (-0.103 - -0.0338) 

Younger -0.0946*** -0.0989*** -0.101*** -0.0879*** 

 (-0.116 - -0.0732) (-0.123 - -0.0746) (-0.128 - -0.0753) (-0.120 - -0.0561) 

Older -0.0536*** -0.0472*** -0.0467*** -0.0471*** 

 (-0.0728 - -0.0344) (-0.0684 - -0.0261) (-0.0674 - -0.0261) (-0.0750 - -0.0191) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per urine 

albumin-to-creatinine ratio testing—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
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Table 5. Effect of FHO on ACEI/ARB prescription at least once a year, across various physician subgroups for 2014 

Subgroup Unweighted Kernel CBPS EB 

Male -0.00156 -0.00341 -0.00215 0.00125 

 (-0.0105 - 0.00736) (-0.0133 - 0.00644) (-0.0119 - 0.00763) (-0.0121 - 0.0146) 

Female 0.00622 0.0102 0.0118* -0.00034 

 (-0.00737 - 0.0198) (-0.00418 - 0.0245) (-0.00218 - 0.0258) (-0.0161 - 0.0155) 

Younger -0.00508 -0.00369 -0.00063 -0.00538 

 (-0.0164 - 0.00621) (-0.0158 - 0.00840) (-0.0123 - 0.0110) (-0.0232 - 0.0124) 

Older 0.00578 0.0056 0.00564 0.00779 

 (-0.00405 - 0.0156) (-0.00521 - 0.0164) (-0.00536 - 0.0166) (-0.00443 - 0.0200) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per 

ACEI/ARB prescription—for various subgroup of physicians 

Abbreviations: ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker; CBPS: covariate 

balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 

 

 

 

 

 

 

 

 

 



 

 

207 

 

Table 6.  Effect of FHO on statin prescription at least once a year, across various physician subgroups for 2014 

Subgroup Unweighted Kernel CBPS EB 

Male -0.00332 -0.00192 -0.00436 -0.00152 

 (-0.0133 - 0.00671) (-0.0133 - 0.00946) (-0.0158 - 0.00705) (-0.0161 - 0.0131) 

Female -0.00927 -0.0113 -0.0132 -0.0170* 

 (-0.0256 - 0.00707) (-0.0287 - 0.00616) (-0.0309 - 0.00451) (-0.0351 - 0.00113) 

Younger -0.00731 -0.00942 -0.0119* -0.0177** 

 (-0.0200 - 0.00533) (-0.0231 - 0.00431) (-0.0258 - 0.00190) (-0.0341 - -0.00131) 

Older -0.00149 -0.00091 -0.0022 0.00463 

 (-0.0133 - 0.0103) (-0.0140 - 0.0122) (-0.0154 - 0.0110) (-0.0118 - 0.0210) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per statin 

prescription—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
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Table 7. Effect of FHO on patients’ mortality risk score across various physician subgroups for 2014 

Subgroup Unweighted Kernel CBPS EB 

Male -0.931*** -1.082*** -1.017*** -0.988*** 

 (-1.144 - -0.717) (-1.319 - -0.845) (-1.250 - -0.784) (-1.249 - -0.726) 

Female -0.676*** -0.653*** -0.605*** -0.330* 

 (-1.006 - -0.346) (-1.024 - -0.282) (-0.983 - -0.227) (-0.704 - 0.0436) 

Younger -0.976*** -0.971*** -0.871*** -0.765*** 

 (-1.261 - -0.691) (-1.285 - -0.658) (-1.191 - -0.551) (-1.097 - -0.433) 

Older -0.675*** -0.797*** -0.776*** -0.683*** 

 (-0.905 - -0.445) (-1.047 - -0.547) (-1.019 - -0.533) (-0.955 - -0.410) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports patients’ mean mortality risk score of under FHO—relative to FHG—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
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Table 8. Effect of FHO on serum creatinine testing at least once a year, across various physician subgroups for 2015 

Subgroup Unweighted Kernel CBPS EB 

Male -0.0147*** -0.0205*** -0.0213*** -0.0133* 

 (-0.0228 - -0.00669) (-0.0305 - -0.0104) (-0.0316 - -0.0110) (-0.0274 - 0.000845) 

Female -0.0298*** -0.0318*** -0.0362*** -0.0352*** 

 (-0.0410 - -0.0187) (-0.0433 - -0.0203) (-0.0480 - -0.0244) (-0.0470 - -0.0234) 

Younger -0.0257*** -0.0301*** -0.0340*** -0.0293*** 

 (-0.0356 - -0.0158) (-0.0407 - -0.0195) (-0.0448 - -0.0232) (-0.0432 - -0.0154) 

Older -0.0138*** -0.0169*** -0.0174*** -0.0137** 

 (-0.0222 - -0.00531) (-0.0279 - -0.00596) (-0.0290 - -0.00578) (-0.0265 - -0.000957) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per serum 

creatinine testing—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
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Table 9. Effect of FHO on urine albumin-to-creatinine ratio testing at least once a year, across various physician subgroups 

for 2015 

Subgroup Unweighted Kernel CBPS EB 

Male -0.0681*** -0.0616*** -0.0636*** -0.0519*** 

 (-0.0848 - -0.0513) (-0.0801 - -0.0431) (-0.0815 - -0.0457) (-0.0762 - -0.0276) 

Female -0.0800*** -0.0754*** -0.0748*** -0.0705*** 

 (-0.103 - -0.0568) (-0.101 - -0.0496) (-0.0996 - -0.0500) (-0.104 - -0.0365) 

Younger -0.0906*** -0.0861*** -0.0832*** -0.0889*** 

 (-0.111 - -0.0704) (-0.109 - -0.0636) (-0.105 - -0.0617) (-0.118 - -0.0599) 

Older -0.0552*** -0.0442*** -0.0473*** -0.0286** 

 (-0.0734 - -0.0370) (-0.0636 - -0.0249) (-0.0662 - -0.0285) (-0.0547 - -0.00256) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per urine 

albumin-to-creatinine ratio testing—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization 
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Table 10. Effect of FHO on ACEI/ARB prescription at least once a year, across various physician subgroups for 2015 

Subgroup Unweighted Kernel CBPS EB 

Male 0.00429 0.00674 0.00801 0.00246 

 (-0.00425 - 0.0128) (-0.00277 - 0.0163) (-0.00166 - 0.0177) (-0.00984 - 0.0148) 

Female 0.0144** 0.0197*** 0.0206*** 0.0114 

 (0.00184 - 0.0270) (0.00566 - 0.0337) (0.00703 - 0.0341) (-0.00502 - 0.0278) 

Younger 0.00339 0.00884 0.0106* 0.00453 

 (-0.00735 - 0.0141) (-0.00272 - 0.0204) (-0.000737 - 0.0220) (-0.0109 - 0.0200) 

Older 0.0112** 0.0134** 0.0129** 0.00748 

 (0.00191 - 0.0205) (0.00292 - 0.0239) (0.00211 - 0.0236) (-0.00457 - 0.0195) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per 

ACEI/ARB prescription—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 
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Table 11. Effect of FHO on statin prescription at least once a year, across various physician subgroups for 2015 

Subgroup Unweighted Kernel CBPS EB 

Male -0.00495 -0.00211 -0.00451 -0.00394 

 (-0.0146 - 0.00470) (-0.0136 - 0.00939) (-0.0157 - 0.00670) (-0.0186 - 0.0107) 

Female -0.00995 -0.00976 -0.0105 -0.0209** 

 (-0.0237 - 0.00375) (-0.0254 - 0.00592) (-0.0257 - 0.00474) (-0.0382 - -0.00360) 

Younger -0.0084 -0.0109 -0.0108 -0.0219** 

 (-0.0203 - 0.00354) (-0.0243 - 0.00245) (-0.0238 - 0.00227) (-0.0387 - -0.00520) 

Older -0.00425 0.00193 -0.00115 0.00238 

 (-0.0148 - 0.00627) (-0.0106 - 0.0145) (-0.0137 - 0.0114) (-0.0125 - 0.0173) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports the average marginal effects of FHO on physicians’ care quality for chronic kidney disease—as per statin 

prescription—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 
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Table 12. Effect of FHO on patients’ mortality risk score across various physician subgroups for 2015 

Subgroup Unweighted Kernel CBPS EB 

Male -0.795*** -0.920*** -0.858*** -0.901*** 

 (-0.997 - -0.593) (-1.161 - -0.679) (-1.101 - -0.615) (-1.207 - -0.595) 

Female -0.653*** -0.684*** -0.689*** -0.663*** 
 (-0.949 - -0.358) (-1.034 - -0.334) (-1.024 - -0.354) (-1.083 - -0.244) 
Younger -0.738*** -0.774*** -0.728*** -0.894*** 

 (-0.999 - -0.477) (-1.074 - -0.475) (-1.018 - -0.438) (-1.266 - -0.522) 

Older -0.708*** -0.821*** -0.795*** -0.719*** 

 (-0.926 - -0.490) (-1.084 - -0.558) (-1.066 - -0.524) (-1.038 - -0.399) 

Notes: 

*** p<0.01; ** p<0.05; * p<0.1, all regressions include all the covariates defined in Xi for the respective year; 95% 

confidence interval in parentheses  

This table reports patients’ mean mortality risk score of under FHO—relative to FHG—for various subgroup of physicians 

Abbreviations: CBPS: covariate balancing propensity score, EB: entropy balancing, FHO: Family Health Organization; 

ACEI: angiotensin converting enzyme inhibitor, ARB: angiotensin II receptor blocker 
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Chapter 6 

6 Conclusions 

6.1 Summary of findings  

The literature suggests that physicians’ mode of remuneration can be associated with 

their behaviour; through three studies, we made some extension to this literature. While 

there exists a substantial body of literature for the impact of pay-for-performance 

incentives on physicians’ performance, far fewer studies have specifically examined the 

effect of physicians’ mode of remuneration on the delivery of care quality. Our studies on 

the effect of physicians’ switch from blended FFS to blended capitation on several aspects 

of care quality—as per the management of major chronic conditions—are novel 

contributions to the existing literature. 

Family physicians in Ontario’s Family Health Group and Family Health 

Organization models are eligible for the same P4P incentives for diabetes and congestive 

heart failure management; the main difference between the two models is that the base 

remuneration is FFS in a FHG and capitation in a FHO. Over time, many family physicians 

in Ontario switched from the FHG to FHO model  (Sweetman & Buckley, 2014), we 

referred to these physicians as ‘switchers’; ‘non-switchers’ corresponded to those who 

remained in the FHG model. The vast majority the province’s primary care physicians 

currently practice in either of these two (Office of the Auditor General of Ontario, 2018). 

In our first study, we investigated the impact of this switch on family physicians’ 

quality of care for diabetes management. The effect of switching on follow-up care and 

health outcomes for persons with congestive heart failure were examined in our second 
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study. In these two studies, we employed a two-stage estimation approach of propensity 

score-based weighting methods (that balances observable covariates at baseline) and fixed-

effects regression (that accounts for physician-specific time-invariant unobservable 

factors). Ontario-wide data with an observation period spanning a decade was used for the 

first two studies. For our third study, we compared family physicians’ quality of care for 

the management of chronic kidney disease. Given some data limitations, this study did not 

use fixed-effects estimation approach like the first two studies. Our last study conducted 

cross-sectional analyses on two recent time periods: the 2014 and 2015 fiscal years. As 

mentioned earlier, binary analyses were conducted for the care processes investigated in 

the first and third studies (i.e., ‘provision’ vs. ‘non-provision’ of care (e.g., HbA1c testing)); 

we acknowledged this limitation in our definition of care quality as per process measures.  

Our findings reveal that physicians under blended capitation provide better quality 

of diabetes management than their counterparts under blended FFS; family physicians’ 

switch from blended FFS to blended capitation moderately increased physicians’ testing 

for HbA1c, lipid profile, and nephropathy screening; switchers were more likely to 

prescribe statins than non-switchers. While the risk of avoidable hospitalization due to 

diabetes mellitus did not differ between patients of switchers’ and non-switchers’, patients 

under blended capitation had moderately lower mortality risk scores. Physicians in blended 

capitation and blended FFS were not different in terms of eye examination and prescription 

of ACEIs or ARB. Our two-stage estimation results showed that primary care physicians’ 

switch from the FFS- to capitation-based payment scheme did not impact follow-up care 

for persons with CHF. The risk of avoidable hospitalization due to CHF was not different 
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between switchers’ and non-switchers’ patients; mortality risk scores did not differ as well. 

Our last study found that quality of CKD care received by patients under the FHG and FHO 

model differed; patients in blended capitation were less likely to receive testing for serum 

creatinine and albumin-to-creatinine ratio in the two observation periods; however, in 

2015, patients in blended capitation were more likely to receive ACE/ARB prescription; 

for the two observation periods, patients under FHO had slightly lower mortality risk 

scores. 

6.2 Discussion  

Ontario’s natural experiment permitted us to examine the impact of family 

physicians’ switch from a blended FFS to blended capitation model on several dimensions 

of care for persons with diabetes mellitus, congestive heart failure, and chronic kidney 

disease. The observation period of our first two studies was the longest ever used to 

investigate the impact of family physicians’ switch from FHG to FHO on outcomes 

compared to previous studies (Jaakkimainen et al., 2011; Kiran et al., 2014; Kralj & 

Kantarevic, 2013). By virtue of using a longer panel, we argue that our conclusions have 

high internal validity and hence relatively stronger than that of previous studies based on 

cross-sectional design or shorter follow-up periods. The benefit of using longer timeframes 

is evident throughout the literature; for example, when Campbell and colleagues (2007, 

2009) investigated the impact of the QOF using an observation period of one vs. three 

years, the conclusions varied. The authors found greater improvement in care quality in the 

short term than in the longer term (Campbell et al., 2007, 2009). 
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Our measures of care were chiefly process measures. Compared to outcome 

measures, process indicators are more sensitive to differences in care quality that result 

from differential use of evidence-based interventions (Mant, 2001). For instance, if 

mortality is used to determine whether quality of care varies between two hospitals or 

jurisdictions, it would take longer time and larger sample size to detect minimum difference 

with 20% probability of a Type II error. However, with process measures, it would take 

less time and require smaller sample size to detect an effect (Kyeremanteng, 2015; Mant, 

2001; Smith et al., 2008). Furthermore, compared to outcome measures, process indicators 

are better measures of quality as they are under a clinician’s direct control (Mant, 2001; 

Shekelle et al., 2001) and process measures are amendable through direct action for quality 

improvement initiatives.  

 As mentioned earlier, the secondary sources of income in the FHG and FHO models 

are by and large similar (e.g., physicians in both models are entitled to the same financial 

incentives, such as the Diabetes Management Incentive); base payment is the main 

difference between the FHG (i.e., FFS) and  FHO (i.e., capitation). Differences in outcome 

observed between these two payment models can be driven by factors other than pay-for-

performance incentives. For example, physicians in FHG and FHO could systematically 

differ in their level of involvement with specialists when providing care to patients—and 

such differences can influence care processes and health outcomes. Moreover, various 

studies support that primary care with specialist involvement—compared to a lack 

thereof—can be associated with an improvement in physicians’ care delivery and patients’ 

health outcomes (Datto et al., 2003; Katon et al., 2002). For instance, a randomized study 
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by Datto et al. (2003) found that patients with depression were more likely to receive 

guideline-adherent care when their management regimen involved both primary and 

specialist care—relative to when they received care solely from primary care clinicians. 

Furthermore, this specialist involvement—vs. a lack thereof—was associated with 

improvement in depression symptoms (Datto et al., 2003). Similarly, factors other than 

P4P schemes can also influence transitional care (such as post-discharge follow up). Using 

2016 to 2019 data from Southwestern Ontario, Lien et al. (2020) investigated factors 

associated with family physicians’ follow up of patients within 30 days after being 

discharged from an emergency department (ED) visit; patients were rostered to physicians 

in Family Health Networks. The authors’ retrospective chart review found that patients 

were more likely to be followed up when ED physicians provided discharge instructions—

compared to if such were not provided (Lien et al., 2020). Hence system-level factors (e.g., 

hospital’s administrative system) can influence primary care delivery to patients—and, 

consequently, health outcomes. 

6.3 Directions for Future Research 

Our results provide some evidence that care quality varies under blended capitation 

and blended FFS linked to financial incentives. Future work could investigate the effect of 

primary care reform on healthcare costs, especially since diabetes mellitus, CHF and CKD 

are costly to the healthcare systems. At a population level, the improved health of patients 

due to better provision of care may lead to reduced healthcare expenditures. As with 

quality, identifying whether healthcare costs vary under different payment models would 

be relevant to policymakers.  
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Our findings from Ontario’s natural experiment highlight the importance of studies 

that aim to determine whether remuneration models help improve outcomes in the 

management of chronic conditions. Future studies investigating the impact of physician 

payment on the quality of primary care for conditions, such as chronic respiratory diseases, 

could have important policy implications for directing healthcare resources in the 

management of such costly diseases. Extensions of our work can also include examining 

whether long-term outcome of care measures, such as 5-year mortality risk, varies under 

different payment schemes. And relatedly, whether patients under the care of FHO and 

FHG physicians vary in quality of life, an important endpoint in medicine and health 

services research (Haraldstad et al., 2019).  
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7 Supplementary Material for the Introduction Chapter: Pathophysiology of 

diabetes mellitus, chronic kidney disease and congestive heart failure 

Herein, brief, and relevant, information on the pathophysiology of diabetes 

mellitus, chronic kidney disease and congestive heart failure are provided. 

7.1 Diabetes mellitus 

Diabetes mellitus (or simply ‘diabetes’) is a very common chronic disease that is 

characterized by hyperglycemia, which is the clinical term for a condition where an 

individual’s blood glucose level is pathologically high. According to Diabetes Canada, an 

individual can be diagnosed with diabetes if their level of HbA1c is least 6.5%. This 

disease is generally asymptomatic in its early stages and, therefore, individuals are often 

undiagnosed when they are in the early stage of diabetes. Furthermore, the 

hyperglycemia-induced damage to various body tissues occurs during this symptomless 

phase—albeit at a level not severe enough to be noticed (Naslafkih & Sestier, 2003).  

This chronic condition is of three types, namely, type 1, type 2 and gestational. In 

type 1 diabetes mellitus, hyperglycemia occurs because the body produces no (or very 

little) insulin, and this form of the disease usually occurs in childhood or adolescence; the 

age distribution for developing type 1 is typically known to be bimodal, wherein the first 

and second peaks are between 4 to 6 years and 10 to 14 years, respectively (Al-Fifi, 

2010). In type 2 of this disease, the pathologically elevated blood glucose level is a 

consequence of the body either (1) not producing enough insulin, or (2) not being able to 

utilize the insulin it produces (Diabetes Canada, 2015). Type 2 diabetes is typically 

known to develop around middle age as individuals are likely to be diagnosed with the 
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disease at age 45 years or above (National Institute of Diabetes and Digestive and Kidney 

Diseases, 2017). A transient form of diabetes that occurs in a woman who is pregnant and 

has no history of the disease is referred to as gestational diabetes; this form of the disease 

usually commences in late second trimester, and immediately disappears after delivery 

(Alfadhli, 2015). While type 1 and type 2 diabetes have traditionally been known to occur 

within a specific age range, it is important to note that such age conventions have recently 

been inexact because pre-teen children are now being diagnosed with type 2 diabetes and 

some individuals develop the type 1 form of the metabolic disorder in their adulthood 

(American Diabetes Association, 2019). Notwithstanding the dissolution of the age 

conventions in recent times, age is still a risk factor for developing type 2 diabetes 

mellitus (Mayo Clinic, 2019). Furthermore, type 2 is the most common form of diabetes 

as it accounts for 90% to 95% of all cases (Wu et al., 2014).  

7.2 Congestive heart failure 

The human heart is a hollow organ that is divided into four chambers. The 

pumping of blood by the heart can be said to resemble the forcing of fluid from a bulb 

syringe when it is compressed. The two top chambers are the right atrium and left atrium; 

the two bottom chambers are the right ventricle and left ventricle. Because the ventricles 

do the real work of pumping the blood, the walls of the ventricles are thicker than the 

walls of the atria. The right atrium and right ventricle are sometimes referred to as the 

right heart; likewise, the left atrium and left ventricle are sometimes referred to as the left 

heart (Phibbs, 2007). 
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Blood completes its course when it travels from the heart and back to the heart. 

Blood enters the right heart through the superior vena cava and inferior vena cava; it 

flows from the right atrium into the right ventricles. The right ventricle pumps blood to 

the lungs through the pulmonary artery, which carries deoxygenated blood to the lungs. 

Gaseous exchange occurs in the lungs, where deoxygenated blood becomes oxygenated; 

the fresh blood is delivered to the left atrium through the pulmonary veins. Oxygenated 

blood flows from the left atrium to the left ventricles. Blood is pumped from the left 

ventricles, which pumps blood to the rest of the body. When any of the heart chambers 

contracts to pump blood, the contraction is called a systole; diastole occurs when any of 

the chambers relaxes to be filled with blood. A reliable measure of ventricular function is 

the ejection fraction, which is defined as the percentage of blood in the ventricles pumped 

out of the heart in each heart beat (Phibbs, 2007). The following equation is a simple way 

of computing ejection fraction: 

 

100% x (
Volume at the end of diastole−Volume at the end of systole 

Volume at the end of diastole
) 

 

Congestive heart failure is a chronic progressive condition where the pumping 

ability of the heart is pathologically diminished; CHF is syndromic because the decreased 

ability is polyetiological. The reduced contractibility ability of the heart consequently 

leads to fluid build-up due to pulmonary and/or systemic congestion. The ejection 

fraction, which is a measure of the heart’s pumping ability, is used to distinguish heart 

failure with reduced ejection fraction and heart failure with preserved ejection fraction—
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where EF is at most and at least 40%, respectively. Though the signs, symptoms, and risk 

profiles are somewhat different for the two, both fall under the term congestive heart 

failure (Borlaug, 2013; Katz, 2011; Phibbs, 2007; Ponikowski et al., 2016; van 

Heerebeek & Paulus, 2016). 

7.3 Chronic kidney disease 

Like congestive heart failure, chronic kidney disease is essentially a syndrome 

because it is polyetiological. A clinical definition for chronic kidney disease is the 

persistence of abnormal kidney function for at least three months, where an individual’s 

kidney function is quantified by their estimated glomerular filtration rate. The estimate of 

an individual’s glomerular filtration rate is a measure of the filtering capacity of their 

kidney; in general, the higher an individual’s estimated glomerular filtration rate, the 

better functioning are their kidneys. Chronic kidney disease is categorized into five stages 

where higher stages correspond to worsening renal function (i.e., lower eGFR values). As 

shown in the table below, the range of an individual’s eGFR value determines the stage 

of their syndrome. The eGFR values in Stages 1 and 2 are above 90, and between 60 and 

90 mL/min/1.73m2, respectively; in addition to the low eGFR values, the presence of 

structural abnormality (e.g., overt proteinuria) is essential for a diagnosis of these two 

stages. Stages 3 to 5 are defined by the occurrence of an estimated glomerular filtration 

rate of less than 60mL/min/1.73m2; furthermore, the presence of a structural abnormality 

is not necessary for a diagnosis of these three stages (Molony & Craig, 2009). Stage 5 

includes end-stage renal disease, which is also known as kidney failure. Progression to 

ESRD can be delayed with proper management of the syndrome. 
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Stages of CKD according to severity 

Stage eGFR value (mL/min/1.73m2) 

1 >90 (with structural abnormalities) 

2 60-90 (with structural abnormalities) 

3 30-59 

4 15-29 

5 <15 

Abbreviations: CKD=chronic kidney disease, eGFR=estimated 

glomerular filtration rate Information to make this table was taken 

from (Molony & Craig, 2009) 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

225 

 

8 References 

ACCORD Study Group, Cushman, W. C., Evans, G. W., Byington, R. P., Goff, D. C., 

Grimm, R. H., Cutler, J. A., Simons-Morton, D. G., Basile, J. N., Corson, M. A., 

Probstfield, J. L., Katz, L., Peterson, K. A., Friedewald, W. T., Buse, J. B., Bigger, J. 

T., Gerstein, H. C., & Ismail-Beigi, F. (2010). Effects of Intensive Blood-Pressure 

Control in Type 2 Diabetes Mellitus. New England Journal of Medicine, 362(17), 

1575–1585. https://doi.org/10.1056/NEJMoa1001286 

Adams, K. F., Ghali, J. K., Herbert Patterson, J., Stough, W. G., Butler, J., Bauman, J. L., 

Ventura, H. O., Sabbah, H., Mackowiak, J. I., & van Veldhuisen, D. J. (2014). A 

perspective on re-evaluating digoxin’s role in the current management of patients 

with chronic systolic heart failure: targeting serum concentration to reduce 

hospitalization and improve safety profile. European Journal of Heart Failure, 

16(5), 483–493. https://doi.org/10.1002/ejhf.64 

Adler, A. I., Stratton, I. M., Neil, H. A., Yudkin, J. S., Matthews, D. R., Cull, C. A., 

Wright, A. D., Turner, R. C., & Holman, R. R. (2000). Association of systolic blood 

pressure with macrovascular and microvascular complications of type 2 diabetes 

(UKPDS 36): prospective observational study. BMJ (Clinical Research Ed.), 

321(7258), 412–419. http://www.ncbi.nlm.nih.gov/pubmed/10938049 

Al-Fifi, S. H. (2010). The relation of age to the severity of Type I diabetes in children. 

Journal of Family & Community Medicine, 17(2), 87–90. 

https://doi.org/10.4103/1319-1683.71990 

Al-khateeb, M., T. Qureshi, W., Odeh, R., M. Ahmed, A., Sakr, S., Elshawi, R., Bdeir, 

M. B., & H. Al-Mallah, M. (2017). The impact of digoxin on mortality in patients 

with chronic systolic heart failure: A propensity-matched cohort study. International 

Journal of Cardiology, 228, 214–218. 

https://doi.org/http://dx.doi.org/10.1016/j.ijcard.2016.11.021 

Alfadhli, E. M. (2015). Gestational diabetes mellitus. Saudi Medical Journal, 36(4), 399–

406. https://doi.org/10.15537/smj.2015.4.10307 

Allison, P. D. (2009). Fixed Effects Regression Models. SAGE Publications Inc. 



 

 

226 

 

https://doi.org/10.4135/9781412993869 

Ameh, S., Gómez-Olivé, F. X., Kahn, K., Tollman, S. M., & Klipstein-Grobusch, K. 

(2017). Relationships between structure, process and outcome to assess quality of 

integrated chronic disease management in a rural South African setting: applying a 

structural equation model. BMC Health Services Research, 17(1), 229. 

https://doi.org/10.1186/s12913-017-2177-4 

American Diabetes Association. (2018). Standards of Medical Care in Diabetes-2018 

Abridged for Primary Care Providers. Clinical Diabetes : A Publication of the 

American Diabetes Association, 36(1), 14–37. https://doi.org/10.2337/cd17-0119 

American Diabetes Association. (2019). 2. Classification and Diagnosis of Diabetes: 

Standards of Medical Care in Diabetes-2019. Diabetes Care, 42(Suppl 1), S13–S28. 

https://doi.org/10.2337/dc19-S002 

Annema, C., Luttik, M.-L., & Jaarsma, T. (2009). Reasons for readmission in heart 

failure: Perspectives of patients, caregivers, cardiologists, and heart failure nurses. 

Heart & Lung: The Journal of Acute and Critical Care, 38(5), 427–434. 

https://doi.org/10.1016/j.hrtlng.2008.12.002 

Ansari, Z. (2007). The concept and usefulness of ambulatory care sensitive conditions as 

indicators of quality and access to primary health care. Australian Journal of 

Primary Health, 13(3), 91–110. https://doi.org/10.1071/PY07043 

Arauz-Pacheco, C., Parrott, M. A., Raskin, P., & American Diabetes Association. (2003). 

Treatment of hypertension in adults with diabetes. Diabetes Care, 26 Suppl 1, S80-

2. http://www.ncbi.nlm.nih.gov/pubmed/12502624 

Arora, P., Vasa, P., Brenner, D., Iglar, K., McFarlane, P., Morrison, H., & Badawi, A. 

(2013). Prevalence estimates of chronic kidney disease in Canada: results of a 

nationally representative survey. Canadian Medical Association Journal, 185(9), 

E417–E423. https://doi.org/10.1503/cmaj.120833 

Austin, P. C. (2009). Balance diagnostics for comparing the distribution of baseline 

covariates between treatment groups in propensity-score matched samples. Statistics 

in Medicine, 28(25), 3083–3107. https://doi.org/10.1002/sim.3697 



 

 

227 

 

Austin, P. C., & Stuart, E. A. (2015). Moving towards best practice when using inverse 

probability of treatment weighting (IPTW) using the propensity score to estimate 

causal treatment effects in observational studies. Statistics in Medicine, 34(28), 

3661–3679. https://doi.org/10.1002/sim.6607 

Austin, P. C., & Walraven, C. van. (2011). The mortality risk score and the ADG score: 

two points-based scoring systems for the Johns Hopkins aggregated diagnosis 

groups to predict mortality in a general adult population cohort in Ontario, Canada. 

Medical Care, 49(10), 940–947. https://doi.org/10.1097/MLR.0b013e318229360e 

Baier, L. J., & Hanson, R. L. (2004). Genetic studies of the etiology of type 2 diabetes in 

Pima Indians: hunting for pieces to a complicated puzzle. Diabetes, 53(5), 1181–

1186. https://doi.org/10.2337/DIABETES.53.5.1181 

Bamimore, M. A., Devlin, R. A., Zaric, G. S., Garg, A. X., & Sarma, S. (2020). Quality 

of diabetes care in blended fee-for-service and blended capitation payment systems. 

Canadian Journal of Diabetes. 

https://doi.org/https://doi.org/10.1016/j.jcjd.2020.09.002 

Bello, A. K., Ronksley, P. E., Tangri, N., Kurzawa, J., Osman, M. A., Singer, A., Grill, 

A. K., Nitsch, D., Queenan, J. A., Wick, J., Lindeman, C., Soos, B., Tuot, D. S., 

Shojai, S., Brimble, K. S., Mangin, D., & Drummond, N. (2019a). Quality of 

Chronic Kidney Disease Management in Canadian Primary Care. JAMA Network 

Open, 2(9), e1910704. https://doi.org/10.1001/jamanetworkopen.2019.10704 

Bello, A. K., Ronksley, P. E., Tangri, N., Kurzawa, J., Osman, M. A., Singer, A., Grill, 

A., Nitsch, D., Queenan, J. A., Wick, J., Lindeman, C., Soos, B., Tuot, D. S., Shojai, 

S., Brimble, S., Mangin, D., & Drummond, N. (2019b). Prevalence and 

Demographics of CKD in Canadian Primary Care Practices: A Cross-sectional 

Study. Kidney International Reports, 4(4), 561–570. 

https://doi.org/10.1016/j.ekir.2019.01.005 

Berenson, R. A., & Rich, E. C. (2010). US Approaches to Physician Payment: The 

Deconstruction of Primary Care. Journal of General Internal Medicine, 25(6), 613–

618. https://doi.org/10.1007/s11606-010-1295-z 



 

 

228 

 

Bermingham, M., Shanahan, M. K., O’Connell, E., Dawkins, I., Miwa, S., O’Hanlon, R., 

Gilmer, J., McDonald, K., & Ledwidge, M. (2014). Aspirin Use in Heart Failure: Is 

Low-Dose Therapy Associated With Mortality and Morbidity Benefits in a Large 

Community Population? Circulation: Heart Failure, 7(2), 243–250. 

https://doi.org/10.1161/CIRCHEARTFAILURE.113.000132 

Bertakis, K. D., Helms, L. J., Callahan, E. J., Azari, R., & Robbins, J. A. (1995). The 

influence of gender on physician practice style. Medical Care, 33(4), 407–416. 

https://doi.org/10.1097/00005650-199504000-00007 

Berthold, H. K., Gouni-Berthold, I., Bestehorn, K. P., Bohm, M., & Krone, W. (2008). 

Physician gender is associated with the quality of type 2 diabetes care. Journal of 

Internal Medicine, 264(4), 340–350. https://doi.org/10.1111/j.1365-

2796.2008.01967.x 

Bhatia, S., Ouzounian, M., Tu, J., Liu, P., & Lee, D. (2009). Anticoagulation in patients 

with heart failure. Cardiovascular and Hematological Agents in Medicinal 

Chemistry, 7(3), 193–197. 

https://doi.org/http://dx.doi.org/10.2174/187152509789105462 

Bikbov, B., Purcell, C. A., Levey, A. S., Smith, M., Abdoli, A., Abebe, M., Adebayo, O. 

M., Afarideh, M., Agarwal, S. K., Agudelo-Botero, M., Ahmadian, E., Al-Aly, Z., 

Alipour, V., Almasi-Hashiani, A., Al-Raddadi, R. M., Alvis-Guzman, N., Amini, S., 

Andrei, T., Andrei, C. L., … Murray, C. J. L. (2020). Global, regional, and national 

burden of chronic kidney disease, 1990–2017: a systematic analysis for the Global 

Burden of Disease Study 2017. The Lancet, 395(10225), 709–733. 

https://doi.org/10.1016/S0140-6736(20)30045-3 

Billings, J., Zeitel, L., Lukomnik, J., Carey, T. S., Blank, A. E., & Newman, L. (1993). 

Impact of socioeconomic status on hospital use in New York City. Health Affairs 

(Project Hope), 12(1), 162–173. https://doi.org/10.1377/hlthaff.12.1.162 

Blomqvist, A., & Busby, C. (2012). How to Pay Family Doctors: Why “Pay Per Patient” 

Is Better than Fee for Service. C.D. Howe Institute. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2172035 



 

 

229 

 

Boccuti, C., & Casillas, G. (2015). Aiming for Fewer Hospital U-turns: The Medicare 

Hospital Readmission Reduction Program. 

Booth, C., Nourian, M. M., Weaver, S., Gull, B., & Kamimura, A. (2017). Policy and 

Social Factors Influencing Diabetes among Pima Indians in Arizona, USA. In Public 

Policy and Administration Research (Vol. 7, Issue 3). International Institute for 

Science, Technology and Education (IISTE). 

http://www.iiste.org/Journals/index.php/PPAR/article/view/36261 

Borlaug, B. A. (2013). Heart failure with preserved and reduced ejection fraction: 

different risk profiles for different diseases. European Heart Journal, 34(19), 1393–

1395. https://doi.org/10.1093/eurheartj/eht117 

Brosig-Koch, J., Hennig-Schmidt, H., Kairies-Schwarz, N., & Wiesen, D. (2017). The 

Effects of Introducing Mixed Payment Systems for Physicians: Experimental 

Evidence. Health Economics, 26(2), 243–262. https://doi.org/10.1002/hec.3292 

Bunn, H. F. (1981). Nonenzymatic glycosylation of protein: relevance to diabetes. The 

American Journal of Medicine, 70(2), 325–330. 

http://www.ncbi.nlm.nih.gov/pubmed/7468617 

Caldentey, G., Khairy, P., Roy, D., Leduc, H., Talajic, M., Racine, N., White, M., 

O’Meara, E., Guertin, M.-C., Rouleau, J. L., & Ducharme, A. (2014). Prognostic 

value of the physical examination in patients with heart failure and atrial fibrillation: 

insights from the AF-CHF trial (atrial fibrillation and chronic heart failure). JACC. 

Heart Failure, 2(1), 15–23. https://doi.org/10.1016/j.jchf.2013.10.004 

Campbell, S., Reeves, D., Kontopantelis, E., Middleton, E., Sibbald, B., & Roland, M. 

(2007). Quality of primary care in England with the introduction of pay for 

performance. New England Journal of Medicine, 357(2), 181. 

https://doi.org/10.1056/NEJMsr065990 

Campbell, S., Reeves, D., Kontopantelis, E., Sibbald, B., & Roland, M. (2009). Effects of 

pay for performance on the quality of primary care in England. The New England 

Journal of Medicine, 361(4), 368–378. https://doi.org/10.1056/NEJMsa0807651 

Canadian Diabetes Association. (2017). Diabetes Canada | Clinical Practice Guidelines - 



 

 

230 

 

Full Guidelines. Canadian Journal of Diabetes. 

http://guidelines.diabetes.ca/fullguidelines 

Canadian Institute for Health Information. (2018). Ambulatory Care Sensitive Conditions. 

Indicator Library. 

https://indicatorlibrary.cihi.ca/display/HSPIL/Ambulatory+Care+Sensitive+Conditio

ns 

Canadian Institute for Health Information. (2020a). Ambulatory Care Sensitive 

Conditions. Indicator Library. 

Canadian Institute for Health Information. (2020b). Canadian Organ Replacement 

Register (CORR) | CIHI. https://www.cihi.ca/en/canadian-organ-replacement-

register-corr 

Canadian Institute for Health Information. (2020c). Discharge Abstract Database 

metadata (DAD) | CIHI. https://www.cihi.ca/en/discharge-abstract-database-

metadata 

Canadian Institute for Health Information. (2020d). National Ambulatory Care Reporting 

System metadata (NACRS) | CIHI. https://www.cihi.ca/en/national-ambulatory-care-

reporting-system-metadata 

Canadian Medical Association. (1994). Strengthening the foundation-The Role of the 

Physician in Primary Health Care in Canada. Canadian Medical Association. 

Cervero, R. M., & Gaines, J. K. (2015). The impact of CME on physician performance 

and patient health outcomes: an updated synthesis of systematic reviews. The 

Journal of Continuing Education in the Health Professions, 35(2), 131–138. 

https://doi.org/10.1002/chp.21290 

Chami, N., & Sweetman, A. (2019). Payment models in primary health care: A driver of 

the quantity and quality of medical laboratory utilization. Health Economics, 28(10), 

1166–1178. https://doi.org/10.1002/hec.3927 

Chang, Y.-K., Liu, J.-S., Hsu, Y.-H., Tarng, D.-C., & Hsu, C.-C. (2015). Increased Risk 

of End-Stage Renal Disease (ESRD) Requiring Chronic Dialysis is Associated With 

Use of Nonsteroidal Anti-Inflammatory Drugs (NSAIDs). Medicine, 94(38), e1362. 



 

 

231 

 

https://doi.org/10.1097/MD.0000000000001362 

Chatterjee, S., Ghosh, J., Lichstein, E., Aikat, S., & Mukherjee, D. (2012). Meta-Analysis 

of Cardiovascular Outcomes With Dronedarone in Patients With Atrial Fibrillation 

or Heart Failure. The American Journal of Cardiology, 110(4), 607–613. 

https://doi.org/10.1016/j.amjcard.2012.04.034 

Chen, J., Tian, H., Taira Juarez, D., Hodges, K. A. J., Brand, J. C., Chung, R. S., & 

Legorreta, A. P. (2010). The effect of a PPO pay-for-performance program on 

patients with diabetes. The American Journal of Managed Care, 16(1), e11-9. 

Cheung, A., Stukel,  herese A., Alter, D. A., Glazier, R. H., Ling, V., Wang, X., & Shah, 

B. R. (2017). Primary Care Physician Volume and Quality of Diabetes Care: A 

Population-Based Cohort Study. Annals of Internal Medicine, 166(4), 240–247. 

https://doi.org/10.7326/M16-1056 

Chien, A. T., Eastman, D., Li, Z., & Rosenthal, M. B. (2012). Impact of a pay for 

performance program to improve diabetes care in the safety net. Preventive 

Medicine, 55 Suppl, S80-5. https://doi.org/10.1016/j.ypmed.2012.05.004 

Christianson, J. B., & Conrad, D. (2012). Provider Payment and Incentives. In The 

Oxford Handbook of Health Economics. 

https://doi.org/10.1093/oxfordhb/9780199238828.013.0026 

Christianson, J. B., Knutson, D. J., & Mazze, R. S. (2006). Physician pay-for-

performance. Implementation and research issues. Journal of General Internal 

Medicine, 21 Suppl 2(Suppl 2), S9–S13. https://doi.org/10.1111/j.1525-

1497.2006.00356.x 

Cleland, J. G. F., Findlay, I., Jafri, S., Sutton, G., Falk, R., Bulpitt, C., Prentice, C., Ford, 

I., Trainer, A., & Poole-Wilson, P. A. (2004). The Warfarin/Aspirin Study in Heart 

failure (WASH): a randomized trial comparing antithrombotic strategies for patients 

with heart failure. American Heart Journal, 148(1), 157–164. 

https://doi.org/10.1016/j.ahj.2004.03.010 

Cleophas, T. J., & van Marum, R. (2001). Meta-analysis of efficacy and safety of second-

generation dihydropyridine calcium channel blockers in heart failure. American 



 

 

232 

 

Journal of Cardiology, 87(4), 487+. https://doi.org/10.1016/S0002-9149(00)01413-

2 

Colhoun, H. M., Betteridge, D. J., Durrington, P. N., Hitman, G. A., W Neil, H. A., 

Livingstone, S. J., Thomason, M. J., Mackness, M. I., Charlton-Menys, V., Fuller, J. 

H., & CARDS investigators. (2004). Primary prevention of cardiovascular disease 

with atorvastatin in type 2 diabetes in the Collaborative Atorvastatin Diabetes Study 

(CARDS): multicentre randomised placebo-controlled trial. The Lancet, 364(9435), 

685–696. https://doi.org/10.1016/S0140-6736(04)16895-5 

Conference Board. (2013). The Path to Health Care Reform: Policy and Politics (The 

2012 CIBC Scholar-in-Residence Lecture). The Conference Board of Canada. 

Curhan, G. C., Knight, E. L., Rosner, B., Hankinson, S. E., & Stampfer, M. J. (2004). 

Lifetime Nonnarcotic Analgesic Use and Decline in Renal Function in Women. 

Archives of Internal Medicine, 164(14), 1519. 

https://doi.org/10.1001/archinte.164.14.1519 

Curtis, J. P., Sokol, S. I., Wang, Y., Rathore, S. S., Ko, D. T., Jadbabaie, F., Portnay, E. 

L., Marshalko, S. J., Radford, M. J., & Krumholz, H. M. (2003). The association of 

left ventricular ejection fraction, mortality, and cause of death in stable outpatients 

with heart failure. Journal of the American College of Cardiology, 42(4), 736–742. 

http://www.ncbi.nlm.nih.gov/pubmed/12932612 

Daneman, N., Gruneir, A., Bronskill, S. E., Newman, A., Fischer, H. D., Rochon, P. A., 

Anderson, G. M., & Bell, C. M. (2013). Prolonged antibiotic treatment in long-term 

care role of the prescriber. JAMA Internal Medicine, 173(8), 673–682. 

https://doi.org/10.1001/jamainternmed.2013.3029 

Daskalopoulou, S. S., Rabi, D. M., Zarnke, K. B., Dasgupta, K., Nerenberg, K., Cloutier, 

L., Gelfer, M., Lamarre-Cliche, M., Milot, A., Bolli, P., McKay, D. W., Tremblay, 

G., McLean, D., Tobe, S. W., Ruzicka, M., Burns, K. D., Vallée, M., Ramesh 

Prasad, G. V, Lebel, M., … Padwal, R. S. (2015). The 2015 Canadian Hypertension 

Education Program recommendations for blood pressure measurement, diagnosis, 

assessment of risk, prevention, and treatment of hypertension. The Canadian 



 

 

233 

 

Journal of Cardiology, 31(5), 549–568. https://doi.org/10.1016/j.cjca.2015.02.016 

Datto, C. J., Thompson, R., Horowitz, D., Disbot, M., & Oslin, D. W. (2003). The pilot 

study of a telephone disease management program for depression. General Hospital 

Psychiatry, 25(3), 169–177. https://doi.org/10.1016/s0163-8343(03)00019-7 

de Boer, I. H., Bangalore, S., Benetos, A., Davis, A. M., Michos, E. D., Muntner, P., 

Rossing, P., Zoungas, S., & Bakris, G. (2017). Diabetes and Hypertension: A 

Position Statement by the American Diabetes Association. Diabetes Care, 40(9), 

1273–1284. https://doi.org/10.2337/dci17-0026 

Department of Finance-Government of Canada. (2011). Canada Health Transfer. 

https://www.fin.gc.ca/fedprov/cht-eng.asp 

Desai, N. R., Ross, J. S., Kwon, J. Y., Herrin, J., Dharmarajan, K., Bernheim, S. M., 

Krumholz, H. M., & Horwitz, L. I. (2016). Association Between Hospital Penalty 

Status Under the Hospital Readmission Reduction Program and Readmission Rates 

for Target and Nontarget Conditions. JAMA, 316(24), 2647–2656. 

https://doi.org/10.1001/jama.2016.18533 

Diabetes Canada. (2009a). An economic tsunami:the cost of diabetes in Canada. 

http://www.diabetes.ca/CDA/media/documents/publications-and-

newsletters/advocacy-reports/economic-tsunami-cost-of-diabetes-in-canada-

english.pdf 

Diabetes Canada. (2009b). The Cost of Diabetes in Ontario—The Ontario Diabetes Cost 

Model. https://www.diabetes.ca/CDA/media/documents/publications-and-

newsletters/advocacy-reports/cost-of-diabetes-in-ontario.pdf 

Diabetes Canada. (2015). 2015 Report on Diabetes: Driving Change. 

https://www.diabetes.ca/getmedia/5a7070f0-77ad-41ad-9e95-ec1bc56ebf85/2015-

report-on-diabetes-driving-change-english.pdf.aspx 

Diabetes Canada. (2016). Canadian diabetes association 2013 clinical practice guidelines 

for the prevention and management of diabetes in canada. In Contents (continued 

(Vol. 37, Issue 1). https://doi.org/10.1016/S1499-2671(13)00192-5 

Diabetes Canada Clinical Practice Guidelines Expert Committee. (2018). Diabetes 



 

 

234 

 

Canada 2018 Clinical Practice Guidelines for the Prevention and Management of 

Diabetes in Canada. Can J Diabetes, 42(42), S1–S325. 

https://doi.org/10.1089/thy.2007.0313 

Digitalis Investigation Group. (1997). The Effect of Digoxin on Mortality and Morbidity 

in Patients with Heart Failure. New England Journal of Medicine, 336(8), 525–533. 

https://doi.org/10.1056/NEJM199702203360801 

Dimitrovová, K., Perelman, J., Serrano-Alarcón, M., Dimitrovova, K., Perelman, J., & 

Serrano-Alarcon, M. (2020). Effect of a national primary care reform on avoidable 

hospital admissions (2000-2015): A difference-in-difference analysis. Social Science 

& Medicine (1982), 252(May 2019), 112908. 

https://doi.org/10.1016/j.socscimed.2020.112908 

Donabedian, A. (1988). The quality of care. How can it be assessed? JAMA, 260(12), 

1743–1748. https://doi.org/10.1001/jama.1988.03410120089033 

Donabedian, A. (2002). An Introduction to Quality Assurance in Health Care. Oxford 

University Press. https://books.google.ca/books?id=fDSriunx6UEC 

Doval, H. C., Nul, D. R., Grancelli, H. O., Perrone, S. V, Bortman, G. R., & Curiel, R. 

(1994). Randomised trial of low-dose amiodarone in severe congestive heart failure. 

Grupo de Estudio de la Sobrevida en la Insuficiencia Cardiaca en Argentina 

(GESICA). Lancet (London, England), 344(8921), 493–498. 

Drake, C. (1993). Effects of Misspecification of the Propensity Score on Estimators of 

Treatment Effect. Biometrics, 49(4), 1231–1236. https://doi.org/10.2307/2532266 

Eckhardt, H., Smith, P., & Quentin, W. (2019). Pay for Quality: using financial 

incentives to improve quality of care. In Improving healthcare quality in Europe: 

Characteristics, effectiveness and implementation of different strategies. Health 

Policy Series, No. 53. https://www.ncbi.nlm.nih.gov/books/NBK549278/ 

Eduardo Sabaté (WHO/NMH/CCH). (2001). Adherence to long-term therapies: policy 

for action. World Health Organization (WHO). 

https://apps.who.int/iris/handle/10665/66984 

Edvardsen, T., Helle-Valle, T., & Smiseth, O. A. (2006). Systolic Dysfunction in Heart 



 

 

235 

 

Failure with Normal Ejection Fraction: Speckle-Tracking Echocardiography. 

Progress in Cardiovascular Diseases, 49(3), 207–214. 

https://doi.org/10.1016/j.pcad.2006.08.008 

Eggleston, K. (2005). Multitasking and mixed systems for provider payment. Journal of 

Health Economics, 24(1), 211–223. https://doi.org/10.1016/j.jhealeco.2004.09.001 

eHealth Ontario. (2012). Health Care Provider Guide-Lab eHealth Ontario. 

www.ehealthontario.on.ca/initiatives/view/olis. 

eHealth Ontario. (2016). Benefits Realization Update 2016. 

https://www.ehealthontario.on.ca/images/uploads/pages/documents/2016_Benefits_

Realization_Update_EN.pdf 

eHealth Ontario. (2018a). eHealth Ontario | What We Do. EHealth Ontario. 

https://ehealthontario.on.ca/en/about-us/about-us 

eHealth Ontario. (2018b). Ontario Laboratories Information System. 

http://www.ehealthontario.on.ca/for-healthcare-professionals/ontario-laboratories-

information-system-olis 

Esse, T., Serna, O., Chitnis, A., Johnson, M., & Fernandez, N. (2013). Quality 

compensation programs: Are they worth all the hype? A comparison of outcomes 

within a medicare advantage heart failure population. Journal of Managed Care 

Pharmacy, 19(4), 317–324. 

Eze, P. (2017). Chronic Kidney Disease Awareness and Quality of Care in Abuja Nigeria 

[Walden University]. In ProQuest Dissertations and Theses.  

Ezekowitz, J. A., O’Meara, E., McDonald, M. A., Abrams, H., Chan, M., Ducharme, A., 

Giannetti, N., Grzeslo, A., Hamilton, P. G., Heckman, G. A., Howlett, J. G., 

Koshman, S. L., Lepage, S., McKelvie, R. S., Moe, G. W., Rajda, M., Swiggum, E., 

Virani, S. A., Zieroth, S., … Sussex, B. (2017). 2017 Comprehensive Update of the 

Canadian Cardiovascular Society Guidelines for the Management of Heart Failure. 

Canadian Journal of Cardiology, 33(11), 1342–1433. 

https://doi.org/10.1016/j.cjca.2017.08.022 

Faries, D. E., Leon, A. C., Haro, J. M., & Obenchain, R. L. (2010). Analysis of 



 

 

236 

 

observational health care data using SAS. SAS Institute. 

Faris, R., Flather, M., Purcell, H., Henein, M., Poole-Wilson, P., & Coats, A. (2002). 

Current evidence supporting the role of diuretics in heart failure: a meta analysis of 

randomised controlled trials (Structured abstract). In International Journal of 

Cardiology (Vol. 82, Issue 2, pp. 149–158). 

http://onlinelibrary.wiley.com/o/cochrane/cldare/articles/DARE-

12002000848/frame.html 

Fassett, R. G., Ball, M. J., Robertson, I. K., Geraghty, D. P., & Coombes, J. S. (2008). 

The Lipid lowering and Onset of Renal Disease (LORD) Trial: A randomized 

double blind placebo controlled trial assessing the effect of atorvastatin on the 

progression of kidney disease. BMC Nephrology, 9(1), 4. 

https://doi.org/10.1186/1471-2369-9-4 

Fassett, R. G., Robertson, I. K., Ball, M. J., Geraghty, D. P., Sharman, J. E., & Coombes, 

J. S. (2010). Effects of Atorvastatin on Arterial Stiffness in Chronic Kidney Disease: 

a Randomised Controlled Trial. Journal of Atherosclerosis and Thrombosis, 17(3), 

235–241. https://doi.org/10.5551/jat.2683 

Feenstra, J., Heerdink, E. R., Grobbee, D. E., & Stricker, B. H. C. (2002). Association of 

nonsteroidal anti-inflammatory drugs with first occurrence of heart failure and with 

relapsing heart failure - The Rotterdam study. Archives of Internal Medicine, 162(3), 

265–270. https://doi.org/10.1001/archinte.162.3.265 

Fischer, C., Steyerberg, E. W., Fonarow, G. C., Ganiats, T. G., & Lingsma, H. F. (2015). 

A systematic review and meta-analysis on the association between quality of 

hospital care and readmission rates in patients with heart failure. American Heart 

Journal, 170(5), 1005-1017.e2. https://doi.org/10.1016/j.ahj.2015.06.026 

Galan, N. (2020, March 3). Medicare and Medicaid: What do they do? Medical News 

Today. https://www.medicalnewstoday.com/articles/323858 

Gandhi, S. (2016). Risk of Hyponatremia in Older Adults Receiving Psychotropic Drug 

Treatment [PhD Thesis. The University of Western Ontario]. 

https://ir.lib.uwo.ca/etd/4131 



 

 

237 

 

Ganesh, J., & Viswanathan, V. (2011). Management of diabetic hypertensives. Indian 

Journal of Endocrinology and Metabolism, 15 Suppl 4(Suppl4), S374-9. 

https://doi.org/10.4103/2230-8210.86982 

Gao, S. (2006). Chronic kidney disease among First Nations people in Alberta: 

Prevalence, health services utilization and access to quality care [University of 

Calgary (Canada)]. In ProQuest Dissertations and Theses. 

https://www.lib.uwo.ca/cgi-

bin/ezpauthn.cgi?url=http://search.proquest.com/docview/305361475?accountid=15

115 

Garrido, M. M., Kelley, A. S., Paris, J., Roza, K., Meier, D. E., Morrison, R. S., & 

Aldridge, M. D. (2014). Methods for Constructing and Assessing Propensity Scores. 

Health Services Research, 49(5), 1701–1720. https://doi.org/10.1111/1475-

6773.12182 

George, A., Augustine, R., & Sebastian, M. (2014). Diabetes mellitus and human health 

care : a holistic approach to diagnosis and treatment. Apple Academic Press.  

Gislason, G. H., Rasmussen, J. N., Abildstrom, S. Z., Schramm, T. K., Hansen, M. L., 

Fosbøl, E. L., Sørensen, R., Folke, F., Buch, P., Gadsbøll, N., Rasmussen, S., 

Poulsen, H. E., Køber, L., Madsen, M., & Torp-Pedersen, C. (2009). Increased 

Mortality and Cardiovascular Morbidity Associated With Use of Nonsteroidal Anti-

inflammatory Drugs in Chronic Heart Failure. Archives of Internal Medicine, 

169(2), 141. https://doi.org/10.1001/archinternmed.2008.525 

Glazier, R., Zagorski, B., & Rayner, J. (2012). Comparison of primary care models in 

Ontario. Institute for Clinical Evaluative Sciences. https://www.ices.on.ca/flip-

publication/comparison-of-primary-care-models-in-ontario-by-

demographics/files/assets/common/downloads/ICES Primary Care Models 

English.pdf 

Goldblatt, H., Barrett, S. M., & Bauman, C. (2018). OMA brief on primary care. 

https://content.oma.org//wp-content/uploads/OMA_Brief_Primary_Care.pdf 

Gooch, K., Culleton, B. F., Manns, B. J., Zhang, J., Alfonso, H., Tonelli, M., Frank, C., 



 

 

238 

 

Klarenbach, S., & Hemmelgarn, B. R. (2007). NSAID Use and Progression of 

Chronic Kidney Disease. The American Journal of Medicine, 120(3), 280.e1-280.e7. 

https://doi.org/10.1016/j.amjmed.2006.02.015 

Gosden, T., Forland, F., Kristiansen, I. S., Sutton, M., Leese, B., Giuffrida, A., Sergison, 

M., & Pedersen, L. (2001). Impact of payment method on behaviour of primary care 

physicians: a systematic review. Journal of Health Services Research & Policy, 

6(1), 44–55. https://doi.org/10.1258/1355819011927198 

Government of Canada. (1985). Canada Health Act. http://laws-

lois.justice.gc.ca/eng/acts/c-6/ 

Government of Canada. (2011). Diabetes in Canada: (chapter2) Facts and figures from a 

public health perspective - Canada.ca. https://www.canada.ca/en/public-

health/services/chronic-diseases/reports-publications/diabetes/diabetes-canada-facts-

figures-a-public-health-perspective/chapter-2.html#chp20 

Government of Canada. (2018). Canada’s Health Care System. 

https://www.canada.ca/en/health-canada/services/health-care-system/reports-

publications/health-care-system/canada.html 

Government of Ontario. (2014). Billing & Payment Guide for Family Health 

Organization (FHO) Physicians-Opting for Solo. Government of Ontario. 

http://www.health.gov.on.ca/en/pro/programs/ohip/publications/docs/fho_billing_pa

yment_guide_nov2014_en.pdf 

Government of Ontario. (2020). Get coverage for prescription drugs. 

https://www.ontario.ca/page/get-coverage-prescription-drugs 

Granger, C. B., McMurray, J. J., Yusuf, S., Held, P., Michelson, E. L., Olofsson, B., 

Östergren, J., Pfeffer, M. A., Swedberg, K., & CHARM Investigators and 

Committees. (2003). Effects of candesartan in patients with chronic heart failure and 

reduced left-ventricular systolic function intolerant to angiotensin-converting-

enzyme inhibitors: the CHARM-Alternative trial. The Lancet, 362(9386), 772–776. 

https://doi.org/10.1016/S0140-6736(03)14284-5 

Guo, S., & Fraser, M. W. (2015). Propensity score analysis : statistical methods and 



 

 

239 

 

applications. SAGE Publications Inc. 

Gupta, N., & Ayles, H. M. (2019). Effects of pay-for-performance for primary care 

physicians on diabetes outcomes in single-payer health systems: a systematic 

review. The European Journal of Health Economics : HEPAC : Health Economics 

in Prevention and Care, 20(9), 1303–1315. https://doi.org/10.1007/s10198-019-

01097-4 

Haggerty, J. L. (2011). Measurement of primary healthcare attributes from the patient 

perspective. Healthcare Policy = Politiques de Sante, 7(Spec Issue), 13–20. 

Hainmueller, J. (2012). Entropy balancing for causal effects: A multivariate reweighting 

method to produce balanced samples in observational studies. Political Analysis, 20, 

25–46. https://doi.org/10.1093/pan/mpr025 

Haraldstad, K., Wahl, A., Andenæs, R., Andersen, J. R., Andersen, M. H., Beisland, E., 

Borge, C. R., Engebretsen, E., Eisemann, M., Halvorsrud, L., Hanssen, T. A., 

Haugstvedt, A., Haugland, T., Johansen, V. A., Larsen, M. H., Løvereide, L., 

Løyland, B., Kvarme, L. G., Moons, P., … Helseth, S. (2019). A systematic review 

of quality of life research in medicine and health sciences. Quality of Life Research : 

An International Journal of Quality of Life Aspects of Treatment, Care and 

Rehabilitation, 28(10), 2641–2650. https://doi.org/10.1007/s11136-019-02214-9 

Harder, V. S., Stuart, E. A., & Anthony, J. C. (2010). Propensity score techniques and the 

assessment of measured covariate balance to test causal associations in 

psychological research. Psychological Methods. https://doi.org/10.1037/a0019623 

Hawk, C. (2002). What is primary care ? Journal of Chiropractic Medicine, 1(4), 149–

154. https://doi.org/10.1016/S0899-3467(07)60029-9 

Health Quality Ontario. (2018). Doctor-visit-within-7-days-heart-failure - Health Quality 

Ontario (HQO). Health Quality Ontario. 

http://indicatorlibrary.hqontario.ca/Indicator/Detailed/Doctor-visit-within-7-days-

heart-failure/EN 

Henderson, J. T., & Weisman, C. S. (2001). Physician gender effects on preventive 

screening and counseling: an analysis of male and female patients’ health care 



 

 

240 

 

experiences. Medical Care, 39(12), 1281–1292. https://doi.org/10.1097/00005650-

200112000-00004 

Hennig-Schmidt, H., Selten, R., & Wiesen, D. (2011). How payment systems affect 

physicians’ provision behaviour—An experimental investigation. Journal of Health 

Economics, 30(4), 637–646. https://doi.org/10.1016/j.jhealeco.2011.05.001 

Henry, D., Schultz, S., Glazier, R., Bhatia, R. S., Dhalla, I., & Laupacis, A. (2012). 

Payments to Ontario Physicians from Ministry of Health and Long-Term Care 

Sources, 1992/93 to 2009/10. https://www.ices.on.ca/Publications/Atlases-and-

Reports/2012/Payments-to-Ontario-Physicians 

Hernandez, A. F., Greiner, M. A., Fonarow, G. C., Hammill, B. G., Heidenreich, P. A., 

Yancy, C. W., Peterson, E. D., & Curtis, L. H. (2010). Relationship between early 

physician follow-up and 30-day readmission among Medicare beneficiaries 

hospitalized for heart failure. JAMA, 303(17), 1716–1722. 

https://doi.org/10.1001/jama.2010.533 

Hohnloser, S. H., Crijns, H. J. G. M., van Eickels, M., Gaudin, C., Page, R. L., Torp-

Pedersen, C., Connolly, S. J., & ATHENA Investigators. (2009). Effect of 

Dronedarone on Cardiovascular Events in Atrial Fibrillation. New England Journal 

of Medicine, 360(7), 668–678. https://doi.org/10.1056/NEJMoa0803778 

Homma, S., Thompson, J. L. P., Pullicino, P. M., Levin, B., Freudenberger, R. S., 

Teerlink, J. R., Ammon, S. E., Graham, S., Sacco, R. L., Mann, D. L., Mohr, J. P., 

Massie, B. M., Labovitz, A. J., Anker, S. D., Lok, D. J., Ponikowski, P., Estol, C. J., 

Lip, G. Y. H., Di Tullio, M. R., … WARCEF Investigators. (2012). Warfarin and 

Aspirin in Patients with Heart Failure and Sinus Rhythm. New England Journal of 

Medicine, 366(20), 1859–1869. https://doi.org/10.1056/NEJMoa1202299 

Hsieh, H.-M., Lin, M.-Y., Chiu, Y.-W., Wu, P.-H., Cheng, L.-J., Jian, F.-S., Hsu, C.-C., 

& Hwang, S.-J. (2017). Economic evaluation of a pre-ESRD pay-for-performance 

programme in advanced chronic kidney disease patients. Nephrology, Dialysis, 

Transplantation : Official Publication of the European Dialysis and Transplant 

Association - European Renal Association, 32(7), 1184–1194. 



 

 

241 

 

https://doi.org/10.1093/ndt/gfw372 

Hutchison, B., & Glazier, R. (2013). Ontario’s primary care reforms have transformed the 

local care landscape, but a plan is needed for ongoing improvement. Health Affairs, 

32(4), 695–703. https://doi.org/10.1377/hlthaff.2012.1087 

Hux, J. E., Ivis, F., Flintoft, V., & Bica, A. (2002). Diabetes in Ontario: determination of 

prevalence and incidence using a validated administrative data algorithm. Diabetes 

Care, 25(3), 512–516. http://www.ncbi.nlm.nih.gov/pubmed/11874939 

ICES. (2016). The value of Ontario’s electronic health data infrastructure A brief report 

from the perspective of the Institute for Clinical Evaluative Sciences. 

https://files.ontario.ca/25._institute_for_clinical_evaluative_sciences.pdf 

Iino, K., Iwase, M., Tsutsu, N., & Iida, M. (2004). Smoking cessation and glycaemic 

control in type 2 diabetic patients. Diabetes, Obesity and Metabolism, 6(3), 181–

186. https://doi.org/10.1111/j.1462-8902.2004.00329.x 

Imai, K., & Ratkovic, M. (2014). Covariate balancing propensity score. Journal of the 

Royal Statistical Society, 76, 243–263. https://doi.org/10.1111/rssb.12027 

Jaakkimainen, R. L., Barnsley, J., Klein-Geltink, J., Kopp, A., & Glazier, R. H. (2011). 

Did changing primary care delivery models change performance? A population 

based study using health administrative data. BMC Family Practice, 12(1), 44. 

https://doi.org/10.1186/1471-2296-12-44 

Kantarevic, J., & Kralj, B. (2013). Link between pay for performance incentives and 

physician payment mechanisms: evidence from the diabetes management incentive 

in Ontario. Health Economics, 22(12), 1417–1439. https://doi.org/10.1002/hec.2890 

Kantarevic, J., Kralj, B., & Weinkauf, D. (2011). Enhanced fee-for-service model and 

physician productivity: evidence from Family Health Groups in Ontario. Journal of 

Health Economics, 30(1), 99–111. https://doi.org/10.1016/j.jhealeco.2010.10.005 

Karunaratne, K., Stevens, P., Irving, J., Hobbs, H., Kilbride, H., Kingston, R., & Farmer, 

C. (2013). The impact of pay for performance on the control of blood pressure in 

people with chronic kidney disease stage 3–5. Nephrology Dialysis Transplantation, 

28(8), 2107–2116. https://doi.org/10.1093/ndt/gft093 



 

 

242 

 

Katon, W., Russo, J., Von Korff, M., Lin, E., Simon, G., Bush, T., Ludman, E., & 

Walker, E. (2002). Long-term effects of a collaborative care intervention in 

persistently depressed primary care patients. Journal of General Internal Medicine, 

17(10), 741–748. https://doi.org/10.1046/j.1525-1497.2002.11051.x 

Katz, A. M. (2011). Physiology of the heart. Wolters Kluwer Health, Lippincott Williams 

& Wilkins. 

Khadilkar, A., Whitehead, J., Taljaard, M., & Manuel, D. (2014). Quality of diabetes care 

in the Canadian forces. Canadian Journal of Diabetes, 38(1), 11–16. 

https://doi.org/10.1016/j.jcjd.2013.08.264 

Khan, M. A. B., Hashim, M. J., King, J. K., Govender, R. D., Mustafa, H., & Al Kaabi, J. 

(2020). Epidemiology of Type 2 Diabetes - Global Burden of Disease and 

Forecasted Trends. Journal of Epidemiology and Global Health, 10(1), 107–111. 

https://doi.org/10.2991/jegh.k.191028.001 

Kim, C., McEwen, L. N., Gerzoff, R. B., Marrero, D. G., Mangione, C. M., Selby, J. V, 

& Herman, W. H. (2005). Is physician gender associated with the quality of diabetes 

care? Diabetes Care, 28(7), 1594–1598. 

Kiran, T., Kopp, A., Moineddin, R., & Glazier, R. H. (2015). Longitudinal evaluation of 

physician payment reform and team-based care for chronic disease management and 

prevention. CMAJ : Canadian Medical Association Journal = Journal de 

l’Association Medicale Canadienne, 187(17), E494-502. 

https://doi.org/10.1503/cmaj.150579 

Kiran, T., Kopp, A., Moineddin, R., Victor, J. C., Campbell, R. J., Shah, B. R., & Glazier, 

R. H. (2013). Unintended consequences of delisting routine eye exams on 

retinopathy screening for people with diabetes in Ontario, Canada. CMAJ : 

Canadian Medical Association Journal = Journal de l’Association Medicale 

Canadienne, 185(3), E167-73. https://doi.org/10.1503/cmaj.120862 

Kiran, T., Victor, J. C., Kopp, A., Shah, B. R., & Glazier, R. H. (2014). The relationship 

between primary care models and processes of diabetes care in Ontario. Canadian 

Journal of Diabetes, 38(3), 172–178. https://doi.org/10.1016/j.jcjd.2014.01.015 



 

 

243 

 

Kirby, M., & The Standing Senate Committee on Social Affairs Science and Technology. 

(2002). The health of Canadians - The federal role: Final report volume six - 

Recommendations for reform. 

https://sencanada.ca/content/sen/committee/372/soci/rep/repoct02vol6-e.htm 

Klein, R. (1995). Hyperglycemia and microvascular and macrovascular disease in 

diabetes. Diabetes Care. 

http://care.diabetesjournals.org/content/diacare/18/2/258.full.pdf 

Klein, R., Klein, B. E., Moss, S. E., Davis, M. D., & DeMets, D. L. (1989). The 

Wisconsin Epidemiologic Study of Diabetic Retinopathy. X. Four-year incidence 

and progression of diabetic retinopathy when age at diagnosis is 30 years or more. 

Archives of Ophthalmology (Chicago, Ill. : 1960), 107(2), 244–249. 

http://www.ncbi.nlm.nih.gov/pubmed/2644929 

Klein, R., Klein, B. E., Moss, S. E., Shrago, E. S., & Spennetta, T. L. (1987). 

Glycosylated hemoglobin in a population-based study of diabetes. American Journal 

of Epidemiology, 126(3), 415–428. 

Køber, L., Torp-Pedersen, C., McMurray, J. J. V., Gøtzsche, O., Lévy, S., Crijns, H., 

Amlie, J., & Carlsen, J. (2008). Increased Mortality after Dronedarone Therapy for 

Severe Heart Failure. New England Journal of Medicine, 358(25), 2678–2687. 

https://doi.org/10.1056/NEJMoa0800456 

Koelling, T. M., Johnson, M. L., Cody, R. J., & Aaronson, K. D. (2005). Discharge 

Education Improves Clinical Outcomes in Patients With Chronic Heart Failure. 

Circulation, 111(2), 179–185. 

https://doi.org/10.1161/01.CIR.0000151811.53450.B8 

Kongkaew, C., Sakunrag, I., & Jianmongkol, P. (2012). Non-compliance with digoxin in 

patients with heart failure and/or atrial fibrillation: A systematic review and meta-

analysis of observational studies. Archives of Cardiovascular Diseases, 105(10), 

507–516. https://doi.org/10.1016/j.acvd.2012.06.004 

Konstam, M., Rousseau, M., Kronenberg, M., Udelson, J., Melin, J., Stewart, D., Dolan, 

N., Edens, T., Ahn, S., & Kinan, D. (1992). Effects of the angiotensin converting 



 

 

244 

 

enzyme inhibitor enalapril on the long-term progression of left ventricular 

dysfunction in patients with heart failure. SOLVD Investigators. In Circulation 

(Vol. 86, Issue 2, pp. 431–438). 

http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/939/CN-

00085939/frame.html 

Kontopantelis, E., Reeves, D., Valderas, J. M., Campbell, S., & Doran, T. (2013). 

Recorded quality of primary care for patients with diabetes in England before and 

after the introduction of a financial incentive scheme: a longitudinal observational 

study. BMJ Quality & Safety, 22(1), 53–64. https://doi.org/10.1136/bmjqs-2012-

001033 

Kralj, B., & Kantarevic, J. (2013). Quality and quantity in primary care mixed-payment 

models: Evidence from family health organizations in Ontario. Canadian Journal of 

Economics, 46(1), 208–238. https://doi.org/10.1111/caje.12003 

Krentz, A. J. (2005). Diabetes and cardiovascular disease. Elsevier/Churchill 

Livingstone. 

Krishnamurti, U., & Steffes, M. W. (2001). Glycohemoglobin: A primary predictor of the 

development or reversal of complications of diabetes mellitus. In Clinical Chemistry 

(Vol. 47, Issue 7, pp. 1157–1165). 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed8&NEWS=

N&AN=32579102 

Kroenke, K. (2004). The many C’s of primary care. Journal of General Internal 

Medicine, 19(6), 708–709. https://doi.org/10.1111/j.1525-1497.2004.40401.x 

Kung, F. P., Tsai, C. F., Lu, C. L., Huang, L. C., & Lu, C. H. (2020). Diabetes pay-for-

performance program can reduce all-cause mortality in patients with newly 

diagnosed type 2 diabetes mellitus. Medicine (United States), 99(7). 

https://doi.org/10.1097/MD.0000000000019139 

Kwon, Y., Kim, H. J., Park, S., Park, Y.-G., & Cho, K.-H. (2017). Body Mass Index-

Related Mortality in Patients with Type 2 Diabetes and Heterogeneity in Obesity 

Paradox Studies: A Dose-Response Meta-Analysis. PloS One, 12(1), e0168247. 



 

 

245 

 

https://doi.org/10.1371/journal.pone.0168247 

Kyeremanteng, K. (2015). Why Process Quality Measures may be More Valuable than 

Outcome Measures in Critical Care Patients. Biology and Medicine, 07(02). 

https://doi.org/10.4172/0974-8369.1000232 

Lalloué, B., Jiang, S., Girault, A., Ferrua, M., Loirat, P., & Minvielle, E. (2017). 

Evaluation of the effects of the French pay-for-performance program-IFAQ pilot 

study. International Journal for Quality in Health Care : Journal of the 

International Society for Quality in Health Care, 29(6), 833–837. 

https://doi.org/10.1093/intqhc/mzx111 

Lambers Heerspink, H. J., Perkovic, V., & de Zeeuw, D. (2011). Is doubling of serum 

creatinine a valid clinical “hard” endpoint in clinical nephrology trials? Nephron. 

Clinical Practice, 119(3), c195-9; discussion c199. 

https://doi.org/10.1159/000327614 

Lavergne, M. R., Law, M. R., Peterson, S., Garrison, S., Hurley, J., Cheng, L., & 

McGrail, K. (2018). Effect of incentive payments on chronic disease management 

and health services use in British Columbia, Canada: Interrupted time series 

analysis. Health Policy. https://doi.org/10.1016/j.healthpol.2017.11.001 

Lavoie, J. G. (2018). Medicare and the care of First Nations, Métis and Inuit. Health 

Economics, Policy and Law, 13(3–4), 280–298. 

https://doi.org/10.1017/S1744133117000391 

Le Boudec, J., Marques-Vidal, P., Cornuz, J., & Clair, C. (2016). Smoking cessation and 

the incidence of pre-diabetes and type 2 diabetes: a cohort study. Journal of 

Diabetes and Its Complications, 30(1), 43–48. 

https://doi.org/10.1016/j.jdiacomp.2015.10.005 

Lee, D., Tran, C., Flintoft, V., Grant, F. C., Liu, P. P., Tu, J. V, Canadian Cardiovascular 

Outcomes Research Team, & Canadian Cardiovascular Society Heart Failure 

Quality, I. P. (2003). CCORT/CCS quality indicators for congestive heart failure 

care. The Canadian Journal of Cardiology, 19(4), 357–364. 

http://www.ncbi.nlm.nih.gov/pubmed/12704479 



 

 

246 

 

Levin, A., Hemmelgarn, B., Culleton, B., Tobe, S., McFarlane, P., Ruzicka, M., Burns, 

K., Manns, B., White, C., Madore, F., Moist, L., Klarenbach, S., Barrett, B., Foley, 

R., Jindal, K., Senior, P., Pannu, N., Shurraw, S., Akbari, A., … Canadian Society of 

Nephrology. (2008). Guidelines for the management of chronic kidney disease. 

Canadian Medical Association Journal, 179(11), 1154–1162. 

https://doi.org/10.1503/cmaj.080351 

Levine, T., Bernink, P., Caspi, A., Elkayam, U., Geltman, E., Greenberg, B., McKenna, 

W., Ghali, J., Giles, T., Marmor, A., Reisin, L., Ammon, S., & Lindberg, E. (2000). 

Effect of mibefradil, a T-type calcium channel blocker, on morbidity and mortality 

in moderate to severe congestive heart failure: the MACH-1 study. Mortality 

Assessment in Congestive Heart Failure Trial. In Circulation (Vol. 101, Issue 7, pp. 

758–764). http://onlinelibrary.wiley.com/o/cochrane/clcentral/articles/326/CN-

00275326/frame.html 

Lewis, E., Hunsicker, L., Clarke, W., Berl, T., Pohl, M., Lewis, J., Ritz, E., Atkins, R., 

Rohde, R., Raz, I., & Collaborative Study Group. (2001). Renoprotective Effect of 

the Angiotensin-Receptor Antagonist Irbesartan in Patients with Nephropathy Due 

to Type 2 Diabetes. New England Journal of Medicine, 345(12), 851–860. 

https://doi.org/10.1056/NEJMoa011303 

Lewis, R. (2012). Understanding chronic kidney disease: a guide for the non-specialist. 

M&K Update. 

Li, J., Hurley, J., DeCicca, P., & Buckley, G. (2014). Physician response to pay-for-

performance: evidence from a natural experiment. Health Economics, 23(8), 962–

978. https://doi.org/10.1002/hec.2971 

Liddy, C., Hogg, W., Russell, G., Wells, G., Armstrong, C. D., Akbari, A., Dahrouge, S., 

Taljaard, M., Mayo-Bruinsma, L., Singh, J., & Cornett, A. (2011). Improved 

delivery of cardiovascular care (IDOCC) through outreach facilitation: Study 

protocol and implementation details of a cluster randomized controlled trial in 

primary care. Implementation Science, 6(1), 110. https://doi.org/10.1186/1748-5908-

6-110 



 

 

247 

 

Liddy, C., Singh, J., Hogg, W., Dahrouge, S., & Taljaard, M. (2011). Comparison of 

primary care models in the prevention of cardiovascular disease - a cross sectional 

study. BMC Family Practice, 12(114), 1–10. https://doi.org/10.1186/1471-2296-12-

114 

Lien, K., Grattan, B. A., Reynard, A. L., Peters, J., & Parr, J. L. (2020). Factors 

Associated with Family Physician Follow-up 30 Days Post-discharge from a Local 

Canadian Community Emergency Department. Cureus, 12(2), e7008. 

https://doi.org/10.7759/cureus.7008 

Lin, M.-Y., Cheng, L.-J., Chiu, Y.-W., Hsieh, H.-M., Wu, P.-H., Lin, Y.-T., Wang, S.-L., 

Jian, F.-X., Hsu, C. C., Yang, S.-A., Lee, H.-L., & Hwang, S.-J. (2018). Effect of 

national pre-ESRD care program on expenditures and mortality in incident dialysis 

patients: A population-based study. PloS One, 13(6), e0198387. 

https://doi.org/10.1371/journal.pone.0198387 

Lipscombe, L. L., & Hux, J. E. (2007). Trends in diabetes prevalence, incidence, and 

mortality in Ontario, Canada 1995–2005: a population-based study. The Lancet, 

369(9563), 750–756. https://doi.org/10.1016/S0140-6736(07)60361-4 

Lofters, A. K., Gozdyra, P., & Lobb, R. (2013). Using geographic methods to inform 

cancer screening interventions for South Asians in Ontario, Canada. BMC Public 

Health, 13(1), 395. https://doi.org/10.1186/1471-2458-13-395 

Malik, M., Gill, G., Pugh, R., & Bakir, A. (2000). Can plasma fructosamine substitute for 

glycated haemoglobin (HbA1c) estimation in the assessment of diabetic control? 

Tropical. http://journals.sagepub.com/doi/abs/10.1177/004947550003000206 

Manns, B., McKenzie, S. Q., Au, F., Gignac, P. M., Geller, L. I., & Canadians Seeking 

Solutions and Innovations to Overcome Chronic Kidney Disease (Can-SOLVE 

CKD) Network,  for the C. S. S. and I. to O. C. K. D. (Can-S. C. (2017). The 

Financial Impact of Advanced Kidney Disease on Canada Pension Plan and Private 

Disability Insurance Costs. Canadian Journal of Kidney Health and Disease, 4, 

2054358117703986. https://doi.org/10.1177/2054358117703986 

Mant, J. (2001). Process versus outcome indicators in the assessment of quality of health 



 

 

248 

 

care. International Journal for Quality in Health Care, 13(6), 475–480. 

https://doi.org/10.1093/intqhc/13.6.475 

Marchildon, G. P., & Hutchison, B. (2016). Primary care in Ontario, Canada: New 

proposals after 15 years of reform. Health Policy (Amsterdam, Netherlands), 120(7), 

732–738. https://doi.org/10.1016/j.healthpol.2016.04.010 

Martin, D., Miller, A. P., Quesnel-Vallée, A., Caron, N. R., Vissandjée, B., & 

Marchildon, G. P. (2018). Canada’s universal health-care system: achieving its 

potential. The Lancet, 391(10131), 1718–1735. https://doi.org/10.1016/S0140-

6736(18)30181-8 

Maschio, G., Alberti, D., Janin, G., Locatelli, F., Mann, J. F. E., Motolese, M., Ponticelli, 

C., Ritz, E., & Zucchelli, P. (1996). Effect of the Angiotensin-Converting–Enzyme 

Inhibitor Benazepril on the Progression of Chronic Renal Insufficiency. New 

England Journal of Medicine, 334(15), 939–945. 

https://doi.org/10.1056/NEJM199604113341502 

Massie, B. M. (2005). Aspirin use in chronic heart failure: what should we recommend to 

the practitioner? Journal of the American College of Cardiology, 46(6), 963–966. 

https://doi.org/10.1016/j.jacc.2004.10.082 

Massie, B. M., Collins, J. F., Ammon, S. E., Armstrong, P. W., Cleland, J. G. F., 

Ezekowitz, M., Jafri, S. M., Krol, W. F., O’Connor, C. M., Schulman, K. A., Teo, 

K., Warren, S. R., & WATCH Trial Investigators. (2009). Randomized trial of 

warfarin, aspirin, and clopidogrel in patients with chronic heart failure: the Warfarin 

and Antiplatelet Therapy in Chronic Heart Failure (WATCH) trial. Circulation, 

119(12), 1616–1624. https://doi.org/10.1161/CIRCULATIONAHA.108.801753 

Matzuk, M. M., Shlomchik, M., & Shaw, L. M. (1991). Making digoxin therapeutic drug 

monitoring more effective. Therapeutic Drug Monitoring, 13(3), 215–219. 

http://www.ncbi.nlm.nih.gov/pubmed/1926274 

Mayfield, J. A., Reiber, G. E., Nelson, R. G., & Greene, T. (2000). Do foot examinations 

reduce the risk of diabetic amputation? The Journal of Family Practice, 49(6), 499–

504. 



 

 

249 

 

Mayo Clinic. (2019). Type 2 diabetes - Symptoms and causes - Mayo Clinic. 

https://www.mayoclinic.org/diseases-conditions/type-2-diabetes/symptoms-

causes/syc-20351193 

McGarry, B. E., Blankley, A. A., & Li, Y. (2016). The Impact of the Medicare Hospital 

Readmission Reduction Program in New York State. Medical Care, 54(2), 162–171. 

https://doi.org/10.1097/MLR.0000000000000489 

McGuire, T. G. (2011). Physician Agency and Payment for Primary Medical Care. In S. 

Glied & P. C. Smith (Eds.), The Oxford Handbook of Health Economics (Issue June 

2020, pp. 1–24). Oxford University Press. 

https://doi.org/10.1093/oxfordhb/9780199238828.013.0025 

McLeod, L., Buckley, G., & Sweetman, A. (2016). Ontario primary care models: a 

descriptive study. CMAJ Open, 4(4), E679–E688. 

https://doi.org/10.9778/cmajo.20160069 

McMurray, J. J. V, Packer, M., Desai, A. S., Gong, J., Lefkowitz, M. P., Rizkala, A. R., 

Rouleau, J., Shi, V. C., Solomon, S. D., Swedberg, K., Zile, M. R., & PARADIGM-

HF Committees and Investigators. (2013). Dual angiotensin receptor and neprilysin 

inhibition as an alternative to angiotensin-converting enzyme inhibition in patients 

with chronic systolic heart failure: rationale for and design of the Prospective 

comparison of ARNI with ACEI to Determine Impact. European Journal of Heart 

Failure, 15(9), 1062–1073. https://doi.org/10.1093/eurjhf/hft052 

Mellor, J., Daly, M., & Smith, M. (2017). Does It Pay to Penalize Hospitals for Excess 

Readmissions? Intended and Unintended Consequences of Medicare’s Hospital 

Readmissions Reductions Program. Health Economics, 26(8), 1037–1051. 

https://doi.org/10.1002/hec.3382 

Milstein, R., & Schreyoegg, J. (2016). Pay for performance in the inpatient sector: A 

review of 34 P4P programs in 14 OECD countries. Health Policy (Amsterdam, 

Netherlands), 120(10), 1125–1140. https://doi.org/10.1016/j.healthpol.2016.08.009 

Minister of Justice. (2020). Canada Health Act. https://laws-lois.justice.gc.ca/PDF/C-

6.pdf 



 

 

250 

 

Ministry of Health and Long-Term Care. (2007). Billing and Payment Information for 

Family Health Group (FHG) Signatory Physicians. 

https://www.anl.com/MOHGUIDE/62 Billing and Payment Information for Family 

Health Group (FHG) Signatory Physicians - December 2007.pdf 

Ministry of Health and Long-Term Care. (2011). Billing & Payment Guide for Family 

Health Organization (FHO) Physicians. 

https://pcainc.ca/data/uploads/pdfs/homepage-pdfs/2_-

_billing_payment_guide_sept_2011.pdf 

Ministry of Health and Long-Term Care Primary Health Care Team. (2008). Heart 

Failure Management Incentive. Ministry of Health and Long-Term Care. 

http://www.anl.com/MOHGUIDE/05 Heart Failure Management Incentive - April 

2008.pdf 

Ministry of Health and Long Term Care. (2013). 11063 - 2012 Physician Services 

Agreement – Primary Care Changes. 

http://www.health.gov.on.ca/en/pro/programs/ohip/bulletins/11000/bul11063.pdf 

Molony, D. A., & Craig, J. C. (2009). Evidence-based nephrology. Wiley-Blackwell. 

http://alpha.lib.uwo.ca/record=b4681371 

Moore, L., Lavoie, A., Bourgeois, G., & Lapointe, J. (2015). Donabedian’s structure-

process-outcome quality of care model. Journal of Trauma and Acute Care Surgery, 

78(6), 1168–1175. https://doi.org/10.1097/TA.0000000000000663 

Muldoon, L. K., Hogg, W. E., & Levitt, M. (2006). Primary Care (PC) and Primary 

Health Care (PHC): What is the Difference? Canadian Journal of Public Health / 

Revue Canadienne de Sante’e Publique, 97(5), 409–411. 

Nakamura, H., Mizuno, K., Ohashi, Y., Yoshida, T., Hirao, K., Uchida, Y., & MEGA 

Study Group. (2009). Pravastatin and cardiovascular risk in moderate chronic kidney 

disease. Atherosclerosis, 206(2), 512–517. 

https://doi.org/10.1016/j.atherosclerosis.2009.03.031 

Nash, D. M., Brimble, S., Markle-Reid, M., McArthur, E., Tu, K., Nesrallah, G. E., Grill, 

A., & Garg, A. X. (2017). Quality of Care for Patients With Chronic Kidney Disease 



 

 

251 

 

in the Primary Care Setting: A Retrospective Cohort Study From Ontario, Canada. 

Canadian Journal of Kidney Health and Disease, 4, 2054358117703059. 

https://doi.org/10.1177/2054358117703059 

Naslafkih, A., & Sestier, F. (2003). Diabetes mellitus related morbidity, risk of 

hospitalization and disability. Journal of Insurance Medicine (New York, N.Y.), 

35(2), 102–113. http://www.ncbi.nlm.nih.gov/pubmed/14733032 

Nathan, D. M., Buse, J. B., Davidson, M. B., Ferrannini, E., Holman, R. R., Sherwin, R., 

Zinman, B., American Diabetes Association, & European Association for Study of 

Diabetes. (2009). Medical Management of Hyperglycemia in Type 2 Diabetes: A 

Consensus Algorithm for the Initiation and Adjustment of Therapy: A consensus 

statement of the American Diabetes Association and the European Association for 

the Study of Diabetes. Diabetes Care, 32(1), 193–203. https://doi.org/10.2337/dc08-

9025 

National Institute of Diabetes and Digestive and Kidney Diseases. (2017). Type 2 

Diabetes. https://www.niddk.nih.gov/health-information/diabetes/overview/what-is-

diabetes/type-2-diabetes 

National Kidney Foundation. (2019a). Estimated Glomerular Filtration Rate (eGFR). 

https://www.kidney.org/atoz/content/gfr 

National Kidney Foundation. (2019b). What You Should Know About Albuminuria 

(Proteinuria). https://www.kidney.org/atoz/content/proteinuriawyska 

Newhouse, J. P. (1996). Reimbursing health plans and health providers: Efficiency in 

production versus selection. Journal of Economic Literature. 

https://doi.org/10.2307/2729501 

Niebauer, J., Clark, A. L., Anker, S. D., & Coats, A. J. S. (1999). Three year mortality in 

heart failure patients with very low left ventricular ejection fractions. International 

Journal of Cardiology, 70(3), 245–247. https://doi.org/10.1016/S0167-

5273(99)00088-1 

O’Connor, R., O’Driscoll, R., O’Doherty, J., Hannigan, A., O’Neill, A., Teljeur, C., & 

O’Regan, A. (2020). The effect of “paying for performance” on the management of 



 

 

252 

 

type 2 diabetes mellitus: a cross-sectional observational study. BJGP Open. 

https://doi.org/10.3399/bjgpopen20X101021 

OECD. (2016). Better Ways to Pay for Health Care. OECD Publishing; OECD 

Publishing. http://www.oecd-ilibrary.org/social-issues-migration-health/better-ways-

to-pay-for-health-care_9789264258211-en 

Ofei, F. (2005). Obesity - a preventable disease. Ghana Medical Journal, 39(3), 98–101. 

http://www.ncbi.nlm.nih.gov/pubmed/17299552 

Office of the Auditor General of Canada. (2002). 2002 September Status Report of the 

Auditor General of Canada. http://www.oag-

bvg.gc.ca/internet/English/parl_oag_200209_03_e_12388.html 

Office of the Auditor General of Ontario. (2011). Annual Report of the Office of the 

Auditor General of Ontario (2011). Funding alternatives for family physicians. 

http://www.auditor.on.ca/en/reports_en/en11/306en11.pdf 

Office of the Auditor General of Ontario. (2013). Office of the Auditor General of 

Ontario 2013 Annual Report. 

http://www.auditor.on.ca/en/content/annualreports/arreports/en13/2013ar_en_web.p

df 

Office of the Auditor General of Ontario. (2018). 2018 Annual report Volume 2, Chapter 

1, Section 1.11 Physician Billing. In 2018. 

https://www.auditor.on.ca/en/content/annualreports/arbyyear/ar2018.html 

Ontario Medical Association. (2015). Primary Care Comparison. 

https://www.oma.org/Member/Resources/Documents/PCRComparisonChart.pdf 

Ontario Ministry of Health and Long Term Care. (2017). Corporate Provider Database 

(CPDB) | Ontario.ca. https://www.ontario.ca/data/corporate-provider-database-cpdb 

Ontario Renal Network. (2016). The Ontario 2016 CKD System Atlas - Trends in Kidney 

Disease and Care. 

http://www.renalnetwork.on.ca/common/pages/UserFile.aspx?fileId=362165 

Ornstein, S. M., & Jenkins, R. G. (1999). Quality of care for chronic illness in primary 

care: opportunity for improvement  in process and outcome measures. The American 



 

 

253 

 

Journal of Managed Care, 5(5), 621–627. 

Oude Wesselink, S. F., Lingsma, H. F., Robben, P. B. M., & Mackenbach, J. P. (2015). 

Guideline adherence and health outcomes in diabetes mellitus type 2 patients: a 

cross-sectional study. BMC Health Services Research, 15, 22. 

https://doi.org/10.1186/s12913-014-0669-z 

Packer, M, Bristow, M., Cohn, J., Colucci, W., Fowler, M., Gilbert, E., & Shusterman, N. 

(1996). The Effect of Carvedilol on Morbidity and Mortality in Patients with 

Chronic Heart Failure. New England Journal of Medicine, 334(21), 1349–1355. 

https://doi.org/10.1056/NEJM199605233342101 

Packer, M, Gheorghiade, M., Young, J., Costantini, P., Adams, K., Cody, R., Smith, L., 

VanVoorhees, L., Gourley, L. A., & Jolly, M. K. (1993). Withdrawal of digoxin 

from patients with chronic heart failure treated with angiotensin-converting-enzyme 

inhibitors. RADIANCE Study. The New England Journal of Medicine, 329(1), 1–7. 

https://doi.org/10.1056/NEJM199307013290101 

Packer, Milton, O’Connor, C. M., Ghali, J. K., Pressler, M. L., Carson, P. E., Belkin, R. 

N., Miller, A. B., Neuberg, G. W., Frid, D., Wertheimer, J. H., Cropp, A. B., & 

DeMets, D. L. (1996). Effect of Amlodipine on Morbidity and Mortality in Severe 

Chronic Heart Failure. New England Journal of Medicine, 335(15), 1107–1114. 

https://doi.org/10.1056/NEJM199610103351504 

Pan, A., Wang, Y., Talaei, M., Hu, F. B., & Wu, T. (2015). Relation of active, passive, 

and quitting smoking with incident type 2 diabetes:  a systematic review and meta-

analysis. The Lancet. Diabetes & Endocrinology, 3(12), 958–967. 

https://doi.org/10.1016/S2213-8587(15)00316-2 

Pandya, A., Doran, T., Zhu, J., Walker, S., Arntson, E., & Ryan, A. M. (2018). Modelling 

the cost-effectiveness of pay-for-performance in primary care in the UK. BMC 

Medicine, 16(135). https://doi.org/10.1186/s12916-018-1126-3 

Papke, L. E. (1996). Econometric methods for fractional response variables with an 

application to 401 (k) plan participation rates. Journal of Applied Econometrics, 

11(6), 619–632. https://doi.org/10.1002/(SICI)1099-1255(199611)11:6<619::AID-



 

 

254 

 

JAE418>3.0.CO;2-1 

Parchman, M. L., & Culler, S. (1994). Primary care physicians and avoidable 

hospitalizations. The Journal of Family Practice, 39(2), 123–128. 

Pawaskar, M., Burch, S., Seiber, E., Nahata, M., Iaconi, A., & Balkrishnan, R. (2010). 

Medicaid payment mechanisms: impact on medication adherence and health care 

service utilization in type 2 diabetes enrollees. Population Health Management, 

13(4), 209–218. https://doi.org/10.1089/pop.2009.0046 

Pellicori, P., Cleland, J. G. F., Zhang, J., Kallvikbacka-Bennett, A., Urbinati, A., Shah, 

P., Kazmi, S., & Clark, A. L. (2016). Cardiac Dysfunction, Congestion and Loop 

Diuretics: their Relationship to Prognosis in Heart Failure. CARDIOVASCULAR 

DRUGS AND THERAPY, 30(6), 599–609. https://doi.org/10.1007/s10557-016-

6697-7 

Pfeffer, M. A., Swedberg, K., Granger, C. B., Held, P., McMurray, J. J., Michelson, E. 

L., Olofsson, B., Östergren, J., & Yusuf, S. (2003). Effects of candesartan on 

mortality and morbidity in patients with chronic heart failure: the CHARM-Overall 

programme. The Lancet, 362(9386), 759–766. https://doi.org/10.1016/S0140-

6736(03)14282-1 

Phibbs, B. (2007). The human heart. Lippincott Williams & Wilkins. 

Pitt, B., Zannad, F., Remme, W. J., Cody, R., Castaigne, A., Perez, A., Palensky, J., & 

Wittes, J. (1999). The Effect of Spironolactone on Morbidity and Mortality in 

Patients with Severe Heart Failure. New England Journal of Medicine, 341(10), 

709–717. https://doi.org/10.1056/NEJM199909023411001 

Ponikowski, P., Voors, A. A., Anker, S. D., Bueno, H., Cleland, J. G. F., Coats, A. J. S., 

Falk, V., González-Juanatey, J. R., Harjola, V.-P., Jankowska, E. A., Jessup, M., 

Linde, C., Nihoyannopoulos, P., Parissis, J. T., Pieske, B., Riley, J. P., Rosano, G. 

M. C., Ruilope, L. M., Ruschitzka, F., … Davies, C. (2016). 2016 ESC Guidelines 

for the diagnosis and treatment of acute and chronic heart failure. European Heart 

Journal, 37(27), 2129–2200. https://doi.org/10.1093/eurheartj/ehw128 

Powell, L. H., Calvin, J. E. J., Richardson, D., Janssen, I., Mendes de Leon, C. F., Flynn, 



 

 

255 

 

K. J., Grady, K. L., Rucker-Whitaker, C. S., Eaton, C., & Avery, E. (2010). Self-

management counseling in patients with heart failure: the heart failure adherence 

and retention randomized behavioral trial. JAMA, 304(12), 1331–1338. 

https://doi.org/10.1001/jama.2010.1362 

Qaseem, A., Hopkins, R. H., Sweet, D. E., Starkey, M., & Shekelle, P. (2013). Screening, 

Monitoring, and Treatment of Stage 1 to 3 Chronic Kidney Disease: A Clinical 

Practice Guideline From the Clinical Guidelines Committee of the American 

College of Physicians. Annals of Internal Medicine. https://doi.org/10.7326/0003-

4819-159-12-201312170-00726 

Quinn, K. (2015). The 8 Basic Payment Methods in Health Care. Annals of Internal 

Medicine, 163(4), 300. https://doi.org/10.7326/M14-2784 

Raj, L., & Adhyaru, B. (2016). An evidence-based review of recent advances in therapy 

for heart failure with reduced ejection fraction (HFrEF). Postgraduate Medical 

Journal, 92(1094), 726–734. https://doi.org/10.1136/postgradmedj-2016-134378 

Rame, J. E., Dries, D. L., & Drazner, M. H. (2003). The prognostic value of the physical 

examination in patients with chronic heart failure. Congestive Heart Failure 

(Greenwich, Conn.), 9(3), 170-175,178. 

Ravid, M., Savin, H., Jutrin, I., Bental, T., Katz, B., & Lishner, M. (1993). Long-term 

stabilizing effect of angiotensin-converting enzyme inhibition on plasma creatinine 

and on proteinuria in normotensive type II diabetic patients. 118(8), 577–581. 

http://annals.org/aim/article/706276/long-term-stabilizing-effect-angiotensin-

converting-enzyme-inhibition-plasma-creatinine 

Rexrode, K. M., Buring, J. E., Glynn, R. J., Stampfer, M. J., Youngman, L. D., & 

Gaziano, J. M. (2001). Analgesic Use and Renal Function in Men. JAMA, 286(3), 

315. https://doi.org/10.1001/jama.286.3.315 

Richardson, S. S. (2013). Quality-based payment in health care: Theory and practice 

[Harvard University]. In ProQuest Dissertations and Theses. 

https://www.lib.uwo.ca/cgi-

bin/ezpauthn.cgi?url=http://search.proquest.com/docview/1465060027?accountid=1



 

 

256 

 

5115 

Robinson, J. (2001). Theory and Practice in the Design of Physician Payment Incentives. 

The Milbank Quarterly, 79(2), 149–177, III. https://doi.org/10.1111/1468-

0009.00202 

Roland, M., & Campbell, S. (2014). Successes and failures of pay for performance in the 

United Kingdom. The New England Journal of Medicine, 370(20), 1944–1949. 

https://doi.org/10.1056/NEJMhpr1316051 

Romanow, R. J. (2002). Building on values: The future of health care in Canada – Final 

Report. 

https://qspace.library.queensu.ca/bitstream/handle/1974/6882/BuildingOnValues.pdf

?sequence=5 

Rosenbaum, P. R., & Rubin, D. B. (1983). The Central Role of the Propensity Score in 

Observational Studies for Causal Effects. Biometrika, 70(1), 41–55. 

https://doi.org/10.1093/biomet/70.1.41 

Rosenberg, J., & Federiuk, C. (2003). Optimal digoxin range for men is 0.5 to 0.8 ng/mL. 

The Journal of Family Practice, 52(5), 360–361. 

http://www.ncbi.nlm.nih.gov/pubmed/12737766 

Rosenthal, M. B., Alidina, S., Friedberg, M. W., Singer, S. J., Eastman, D., Li, Z., & 

Schneider, E. C. (2016). A Difference-in-Difference Analysis of Changes in Quality, 

Utilization and Cost Following the Colorado Multi-Payer Patient-Centered Medical 

Home Pilot. Journal of General Internal Medicine, 31(3), 289–296. 

https://doi.org/10.1007/s11606-015-3521-1 

Russell, G. M., Dabrouge, S., Hogg, W., Geneau, R., Muldoon, L., Tuna, M., Dahrouge, 

S., Hogg, W., Geneau, R., Muldoon, L., Tuna, M., Primary, C. T. L., Care, H., G.M., 

R., S., D., W., H., R., G., L., M., M, T., … Tuna, M. (2009). Managing Chronic 

Disease in Ontario Primary Care : The Impact of Organiza- tional Factors. Annals Of 

Family Medicine, 7(4), 309–318. https://doi.org/10.1370/afm.982 

Ryan, A. M., Krinsky, S., Kontopantelis, E., & Doran, T. (2016). Long-term evidence for 

the effect of pay-for-performance in primary care on mortality in the UK: a 



 

 

257 

 

population study. The Lancet, 388(10041), 268–274. https://doi.org/10.1016/S0140-

6736(16)00276-2 

Sankaré, I. C., Bross, R., Brown, A. F., Del Pino, H. E., Jones, L. F., Morris, D. M., 

Porter, C., Lucas-Wright, A., Vargas, R., Forge, N., Norris, K. C., & Kahn, K. L. 

(2015). Strategies to Build Trust and Recruit African American and Latino 

Community Residents for Health Research: A Cohort Study. Clinical and 

Translational Science, 8(5), 412–420. https://doi.org/10.1111/cts.12273 

Sarma, S., Mehta, N., Devlin, R. A., Kpelitse, K. A., & Li, L. (2018). Family physician 

remuneration schemes and specialist referrals: Quasi-experimental evidence from 

Ontario, Canada. Health Economics, 27(10), 1533–1549. 

https://doi.org/10.1002/hec.3783 

Savarese, G., & Lund, L. H. (2017). Global Public Health Burden of Heart Failure. 

Cardiac Failure Review, 3(1), 7–11. https://doi.org/10.15420/cfr.2016:25:2 

Schmittdiel, J., Grumbach, K., Selby, J. V, & Quesenberry, C. P. J. (2000). Effect of 

physician and patient gender concordance on patient satisfaction and preventive care 

practices. Journal of General Internal Medicine, 15(11), 761–769. 

https://doi.org/10.1046/j.1525-1497.2000.91156.x 

Schultz, S. E., Rothwell, D. M., Chen, Z., & Tu, K. (2013). Identifying cases of 

congestive heart failure from administrative data: a validation study using primary 

care patient records. Chronic Diseases and Injuries in Canada, 33(3), 160–166. 

http://www.ncbi.nlm.nih.gov/pubmed/23735455 

Scott, A., Schurer, S., Jensen, P., & Sivey, P. (2009). The effect of an incentive program 

on quality of care in diabetes management. Health Economics, 18(9), 1091–1108. 

https://doi.org/10.1002/hec.1536 

Scott, G. (2013). The diabetic foot examination: A positive step in the prevention of 

diabetic foot ulcers and amputation. Osteopathic Family Physician, 5(2), 73–78. 

https://doi.org/10.1016/j.osfp.2012.08.002 

Sebastiano, V., Richard, C., Yousef, D., & Gustavo, M. (2015). Digoxin: A systematic 

review in atrial fibrillation, congestive heart failure and post myocardial infarction. 



 

 

258 

 

World Journal of Cardiology, 7(11), 808–816. 

https://doi.org/http://dx.doi.org/10.4330/wjc.v7.i11.808 

Sezgin, D., Mert, H., Özpelit, E., & Akdeniz, B. (2017). The effect on patient outcomes 

of a nursing care and follow-up program for patients with heart failure: A 

randomized controlled trial. International Journal of Nursing Studies, 70, 17–26. 

https://doi.org/10.1016/j.ijnurstu.2017.02.013 

Shah, B. R., James, J. E., Lawton, C., Montada-Atin, T., Sigmond, M., Cauch-Dudek, K., 

& Booth, G. L. (2009). Diabetes quality of care in academic endocrinology practice: 

A descriptive study. Canadian Journal of Diabetes, 33(3), 150–155. 

https://www.scopus.com/inward/record.uri?eid=2-s2.0-

70349778814&partnerID=40&md5=ad4233defd8ed5d34830061ef712678c 

Shekelle, P. G., MacLean, C. H., Morton, S. C., & Wenger, N. S. (2001). Assessing care 

of vulnerable elders: Methods for developing quality indicators. Annals of Internal 

Medicine, 135(8 I), 647–652. https://doi.org/10.7326/0003-4819-135-8_Part_2-

200110161-00003 

Shubrook, J. H. J., Snow, R. J., McGill, S. L., & Brannan, G. D. (2010). “All-or-none” 

(bundled) process and outcome indicators of diabetes care. The American Journal of 

Managed Care, 16(1), 25–32. 

Simoens, S., & Giuffrida, A. (2004). The impact of physician payment methods on 

raising the efficiency of the healthcare system: An international comparison. In 

Applied Health Economics and Health Policy. https://doi.org/10.2165/00148365-

200403010-00008 

Smith, P. C., Mossialos, E., & Papanicolas, I. (2008). Performance Measurement for 

Health System Improvement Experiences, Challenges and Prospects. World Health, 

57(2), 726. https://doi.org/10.1111/j.1467-9302.2005.00476.x 

SOLVD investigators. (1991). Effect of enalapril on survival in patients with reduced left 

ventricular ejection fractions and congestive heart failure. The SOLVD 

Investigators. The New England Journal of Medicine, 325(5), 293–302. 

https://doi.org/10.1056/NEJM199108013250501 



 

 

259 

 

Somé, N., Devlin, R., Mehta, N., Zaric, G., Li, L., Shariff, S., Belhadji, B., Thind, A., 

Garg, A., & Sarma, S. (2019). Production of physician services under fee-for-service 

and blended fee-for-service: Evidence from Ontario, Canada. Health Economics, 

28(12), 1418–1434. https://doi.org/10.1002/hec.3951 

Starfield, B. (1994). Is primary care essential? Lancet (London, England), 344(8930), 

1129–1133. http://www.ncbi.nlm.nih.gov/pubmed/7934497 

Starfield, B., Shi, L., & Macinko, J. (2005). Contribution of primary care to health 

systems and health. The Milbank Quarterly, 83(3), 457–502. 

https://doi.org/10.1111/j.1468-0009.2005.00409.x 

StataCorp. (2017). Stata Statistical Software: Release 15. StataCorp LLC. 

https://www.stata.com/support/faqs/resources/citing-software-documentation-faqs/ 

Statistics Canada. (2015, November 27). Data sources, methods, and limitations. 

https://www150.statcan.gc.ca/n1/pub/82-622-x/2010005/method-eng.htm 

Stone, M. A., Charpentier, G., Doggen, K., Kuss, O., Lindblad, U., Kellner, C., Nolan, J., 

Pazderska, A., Rutten, G., Trento, M., & Khunti, K. (2013). Quality of Care of 

People With Type 2 Diabetes in Eight European Countries. Diabetes Care, 36(9), 

2628–2638. https://doi.org/10.2337/dc12-1759 

Suh, W. M., Wong, C., & Krishnan, S. C. (2008). Importance of electrocardiography in 

the assessment and management of heart failure: a case report. Journal of 

Electrocardiology, 41(1), 44–48. https://doi.org/10.1016/j.jelectrocard.2007.07.015 

Swedberg, K., Pfeffer, M., Granger, C., Held, P., Mcmurray, J., Ohlin, G., Olofsson, B., 

Östergren, J., & Yusuf, S. (1999). Candesartan in heart failure—assessment of 

reduction in mortality and morbidity (CHARM): Rationale and design. Journal of 

Cardiac Failure, 5(3), 276–282. https://doi.org/10.1016/S1071-9164(99)90013-1 

Sweetman, A., & Buckley, G. (2014). Ontario’s experiment with primary care reform. 

The School of Public Policy, The University of Calgary. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2434658 

Taylor, A. L., Cohn, J. N., Worcel, M., Franciosa, J. A., & A-HeFT Investigators. 

African-American Heart Failure Trial. (2002). The African-American Heart Failure 



 

 

260 

 

Trial: background, rationale and significance. Journal of the National Medical 

Association, 94(9), 762–769. http://www.ncbi.nlm.nih.gov/pubmed/12392039 

Taylor, A. L., Ziesche, S., Yancy, C., Carson, P., D’Agostino, R., Ferdinand, K., Taylor, 

M., Adams, K., Sabolinski, M., Worcel, M., Cohn, J. N., & African-American Heart 

Failure Trial Investigators. (2004). Combination of Isosorbide Dinitrate and 

Hydralazine in Blacks with Heart Failure. New England Journal of Medicine, 

351(20), 2049–2057. https://doi.org/10.1056/NEJMoa042934 

The Johns Hopkins University Bloomberg School of Public Health. (2011). The Johns 

Hopkins ACG® Case-Mix System Version 10.0 Release Notes. (Editor in Chief: 

Jonathan P. Weiner (ed.)). The Johns Hopkins University, Health Services Research 

& Development Center. 

Tindal, C. R. (1997). A citizen’s guide to government. McGraw-Hill Ryerson. 

http://alpha.lib.uwo.ca/record=b2631688 

Tindal, C. R. (2007). A citizen’s guide to government. McGraw-Hill Ryerson. 

http://alpha.lib.uwo.ca/record=b4633672 

To, T., Guan, J., Zhu, J., Lougheed, M. D., Kaplan, A., Tamari, I., Stanbrook, M. B., 

Simatovic, J., Feldman, L., & Gershon, A. S. (2015). Quality of asthma care under 

different primary care models in Canada: A population-based study Epidemiology 

and research methodology in primary care. BMC Family Practice, 16(1), 19. 

https://doi.org/10.1186/s12875-015-0232-y 

Tran, D. T., Ohinmaa, A., Thanh, N. X., Howlett, J. G., Ezekowitz, J. A., McAlister, F. 

A., & Kaul, P. (2016). The current and future financial burden of hospital 

admissions for heart failure in Canada: a cost analysis. CMAJ Open, 4(3), E365–

E370. https://doi.org/10.9778/cmajo.20150130 

Tsugawa, Y., Newhouse, J. P., Zaslavsky, A. M., Blumenthal, D. M., & Jena, A. B. 

(2017). Physician age and outcomes in elderly patients in hospital in the US: 

observational study. BMJ (Clinical Research Ed.), 357, j1797. 

https://doi.org/10.1136/bmj.j1797 

Tu, K., Bevan, L., Hunter, K., Rogers, J., Young, J., & Nesrallah, G. (2017). Quality 



 

 

261 

 

indicators for the detection and management of chronic kidney disease in primary 

care in Canada derived from a modified Delphi panel approach. CMAJ Open, 5(1), 

E74–E81. https://doi.org/10.9778/cmajo.20160113 

UK Prospective Diabetes Study (UKPDS) Group. (1998a). Effect of intensive blood-

glucose control with metformin on complications in overweight patients with type 2 

diabetes (UKPDS 34). UK Prospective Diabetes Study (UKPDS) Group. Lancet 

(London, England), 352(9131), 854–865. 

http://www.ncbi.nlm.nih.gov/pubmed/9742977 

UK Prospective Diabetes Study (UKPDS) Group. (1998b). Intensive blood-glucose 

control with sulphonylureas or insulin compared with conventional treatment and 

risk of complications in patients with type 2 diabetes (UKPDS 33). UK Prospective 

Diabetes Study (UKPDS) Group. Lancet (London, England), 352(9131), 837–853. 

http://www.ncbi.nlm.nih.gov/pubmed/9742976 

UKPDS 38. (1998). Tight blood pressure control and risk of macrovascular and 

microvascular complications in type 2 diabetes: UKPDS 38. BMJ, 317(7160). 

van Heerebeek, L., & Paulus, W. J. (2016). Understanding heart failure with preserved 

ejection fraction: Where are we today? In Netherlands Heart Journal. 

https://doi.org/10.1007/s12471-016-0810-1 

Vandenouweland, F. A., Gribnau, F. W. J., & Meyboom, B. (1988). CONGESTIVE 

HEART-FAILURE DUE TO NONSTEROIDAL ANTI-INFLAMMATORY 

DRUGS IN THE ELDERLY. AGE AND AGEING, 17(1), 8–16. 

https://doi.org/10.1093/ageing/17.1.8 

Vinluan, C., Wittman, D., & Morisky, D. (2015). Effect of pharmacist discharge 

counselling on medication adherence in elderly heart failure patients: A pilot study. 

In Journal of Pharmaceutical Health Services Research (Vol. 6, Issue 2, pp. 103–

110). https://doi.org/10.1111/jphs.12093 

Vu, T., Anderson, K. K., Devlin, R. A., Somé, N. H., & Sarma, S. (2020). Physician 

remuneration schemes, psychiatric hospitalizations and follow-up care:  Evidence 

from blended fee-for-service and capitation models. Social Science & Medicine 



 

 

262 

 

(1982), 268, 113465. https://doi.org/10.1016/j.socscimed.2020.113465 

Wadhera, R. K., Yeh, R. W., & Joynt Maddox, K. E. (2019). The Hospital Readmissions 

Reduction Program - Time for a Reboot. The New England Journal of Medicine, 

380(24), 2289–2291. https://doi.org/10.1056/NEJMp1901225 

Wang, Y., Rimm, E. B., Stampfer, M. J., Willett, W. C., & Hu, F. B. (2005). Comparison 

of abdominal adiposity and overall obesity in predicting risk of type 2 diabetes 

among men. The American Journal of Clinical Nutrition, 81(3), 555–563. 

http://www.ncbi.nlm.nih.gov/pubmed/15755822 

Wijeysundera, H. C., MacHado, M., Wang, X., Van Der Velde, G., Sikich, N., Witteman, 

W., Tu, J. V., Lee, D. S., Goodman, S. G., Petrella, R., O’Flaherty, M., Capewell, S., 

& Krahn, M. (2010). Cost-effectiveness of specialized multidisciplinary heart failure 

clinics in Ontario, Canada. Value in Health, 13(8), 915–921. 

https://doi.org/10.1111/j.1524-4733.2010.00797.x 

Wooldridge, J. M. (2010). Econometric Analysis of Cross Section and Panel Data. In 

MIT Press. https://doi.org/10.1515/humr.2003.021 

World Health Organization. (2017, November 15). Diabetes. World Health Organization. 

https://doi.org/10.1371/journal.pmed.0030442 

Wu, Y., Ding, Y., Tanaka, Y., & Zhang, W. (2014). Risk factors contributing to type 2 

diabetes and recent advances in the treatment and prevention. International Journal 

of Medical Sciences, 11(11), 1185–1200. https://doi.org/10.7150/ijms.10001 

Yeung, D. F., Boom, N. K., Guo, H., Lee, D. S., Schultz, S. E., & Tu, J. V. (2012). 

Trends in the incidence and outcomes of heart failure in Ontario, Canada: 1997 to 

2007. CMAJ : Canadian Medical Association Journal = Journal de l’Association 

Medicale Canadienne, 184(14), E765-73. https://doi.org/10.1503/cmaj.111958 

Younis, N., Broadbent, D. M., Vora, J. P., Harding, S. P., & Liverpool Diabetic Eye 

Study. (2003). Incidence of sight-threatening retinopathy in patients with type 2 

diabetes in the Liverpool Diabetic Eye Study: a cohort study. Lancet (London, 

England), 361(9353), 195–200. http://www.ncbi.nlm.nih.gov/pubmed/12547541 

Zannad, F., Gattis Stough, W., Rossignol, P., Bauersachs, J., McMurray, J. J. V, 



 

 

263 

 

Swedberg, K., Struthers, A. D., Voors, A. A., Ruilope, L. M., Bakris, G. L., 

O’Connor, C. M., Gheorghiade, M., Mentz, R. J., Cohen-Solal, A., Maggioni, A. P., 

Beygui, F., Filippatos, G. S., Massy, Z. A., Pathak, A., … Pitt, B. (2012). 

Mineralocorticoid receptor antagonists for heart failure with reduced ejection 

fraction: integrating evidence into clinical practice. European Heart Journal, 33(22), 

2782–2795. https://doi.org/10.1093/eurheartj/ehs257 

Zhang, P., Zhang, X., Brown, J., Vistisen, D., Sicree, R., Shaw, J., & Nichols, G. (2010). 

Global healthcare expenditure on diabetes for 2010 and 2030. Diabetes Research 

and Clinical Practice, 87(3), 293–301. 

https://doi.org/10.1016/J.DIABRES.2010.01.026 

Zhao, C., Wang, W., Xu, D., Li, H., Li, M., & Wang, F. (2014). Insulin and risk of 

diabetic retinopathy in patients with type 2 diabetes mellitus: Data from a meta-

analysis of seven cohort studies. Diagnostic Pathology. 

https://doi.org/10.1186/1746-1596-9-130 

Zhao, Q., & Percival, D. (2015). Entropy balancing is doubly robust. Journal of Causal 

Inference, 5(1), 1–23. https://doi.org/10.1515/jci-2016-0010 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

264 

 

9 Curriculum Vitae (CV) 

Post-secondary qualifications 

2015-present Doctor of Philosophy (PhD) candidate in Epidemiology and 

Biostatistics, The University of Western Ontario, Canada 

 

2011-2013 Master of Science (MSc) in Biochemistry, The University of 

Western Ontario, Canada 

 

2012 Western Certificate in University Teaching and Learning, The 

University of Western Ontario, Canada 
 

2008-2011 Bachelor of Medical Sciences (BMSc) (Western Scholars) 

with Distinction, in Clinical Biochemistry, The University of 

Western Ontario, Canada 

 

Conferences/Presentations/Programs/Workshops 

1. (Conference) Oral presentation title: Quality of Diabetes care in 
blended capitation and blended fee-for-service payment models 

Conference name, location, and date:  
Canadian Association for Health Services and Policy Research 
(CAHSPR) 
Halifax Convention Center, Halifax Nova Scotia, Canada 
May 28th  to 31st, 2019 
 
 

2019 

2. (Conference) Oral presentation title: Investigating quality of care 
received by patients with diabetes mellitus, congestive heart failure 
and chronic kidney disease in Ontario’s family health groups and 
family health organizations 

Conference name, location, and date:  
Research Day: University at Buffalo, McMaster University, 
Western University 
University of Buffalo, Buffalo, New York, United States of 
America 
May 25th, 2018 
 

2018 

3.  (Workshop)Workshop title: Personalizing Healthcare Under 
Uncertainty by Professor Charles Manski 
Location and Date: 
McMaster University, Hamilton, Ontario, Canada 
April 11th to April 12th, 2018 
 

2018 

4. (Program) 2017 International Summer Program for Medical & 2017 



 

 

265 

 

Healthcare Students: An Introduction to Global Health:  
Location and Duration: 
Schulich School of Medicine and Dentistry, Western University, 
London, Ontario, Canada.  
Duration: July 3rd to July 14th, 2017 
 

5. (Conference) Oral presentation title: Cost-Effectiveness of treating 
Heart Failure patients with ‘Angiotensin Neprilysin Inhibitors’ 
compared to treatment with ‘Angiotensin Converting Enzyme 
Inhibitors’. 

Conference name, location, and date:  

London Health Research Day,  

London, Ontario, Canada  

March 28th, 2017 

 

2017 

6. 
(Presentation) Oral presentation title: Writing Academic Papers. 

Location and Date: Department of Orthopedic Surgery Grand Rounds 

at the King Faisal Specialist Hospital and Research Center 

(KFSHRC), Riyadh, Kingdom of Saudi Arabia  

Date: May 22nd, 2014 

 

2014 

7. 
(Conference) Poster presentation title: Identifying genetic 

determinants of hypercholesterolemia in Familial Combined 

Hyperlipidemia.  

Conference name, location, and date:  

Arteriosclerosis, Thrombosis and Vascular Biology (ATVB) 2013 

Scientific Sessions 

Location: Orlando, Florida, United States of America  

May 1st to May 3rd, 2013 

 

2013 

8. 
(Presentation) Oral presentation title: Identifying genetic 

determinants of hypercholesterolemia in Familial Combined 

Hyperlipidemia.  

Location, and date:  

Graduate Student Seminar, Department of Biochemistry, Western 

University, London, Ontario, Canada  

February 23rd, 2013 

 

2013 

Academic Honors, Awards and Achievements 

 

1. Western Graduate Research (WGRS) Scholarship 2015-2019 



 

 

266 

 

2. Canadian Institutes of Health Research (CIHR) Strategic 

Training Program in Vascular Research Fellowship 

($24,000) 

2011-2013 

3. Western Graduate Research Scholarship (WGRS)  2011-2013 

4. Inaugural 3-Minte Thesis (3MT) (Elevator Speech) 

Competition Finalist Award ($500) 

2012 

5. Dean's Honor List every academic year of Bachelor’s program 2008-2011 
6. International Student Bursary ($600) 2009 
7. Inaugural ‘Igal Holtzer and Family International Bursary’($1,500) 2008 

 

Peer-reviewed publications 

Bamimore, M. A., Devlin, R. A., Zaric, G. S., Garg, A. X., & Sarma, S. (2020). Quality of 

diabetes care in blended fee-for-service and blended capitation payment systems. Canadian 

Journal of Diabetes. https://doi.org/https://doi.org/10.1016/j.jcjd.2020.09.002 

Bamimore, M. A., Zaid, A., Banerjee, Y., Al-Sarraf, A., Abifadel, M., Seidah, N. G., Al-

Waili, K., Al-Rasadi, K., & Awan, Z. (2015). Familial hypercholesterolemia 

mutations in the Middle Eastern and North African region: A need for a national 

registry. Journal of Clinical Lipidology, 9(2), 187–194. 

https://doi.org/10.1016/j.jacl.2014.11.008  

Awan, Z., Choi, H. Y., Stitziel, N., Ruel, I., Bamimore, M. A., Husa, R., Gagnon, M.-H., 

Wang, R.-H. L., Peloso, G. M., Hegele, R. A., Seidah, N. G., Kathiresan, S., & 

Genest, J. (2013). APOE p.Leu167del mutation in familial hypercholesterolemia. 

Atherosclerosis, 231(2), 218–222. 

https://doi.org/10.1016/j.atherosclerosis.2013.09.007  

Futema, M., Shah, S., Cooper, J. A., Li, K., Whittall, R. A., Sharifi, M., Goldberg, O., 

Drogari, E., Mollaki, V., Wiegman, A., Defesche, J., D’Agostino, M. N., D’Angelo, 

A., Rubba, P., Fortunato, G., Waluś-Miarka, M., Hegele, R. A., Bamimore, M.A., 

Durst, R., … Humphries, S. E. (2015). Refinement of variant selection for the LDL 

cholesterol genetic risk score in the diagnosis of the polygenic form of clinical 

familial hypercholesterolemia and replication in samples from 6 countries. Clinical 

Chemistry, 61(1), 231–238. https://doi.org/10.1373/clinchem.2014.231365  

 

https://doi.org/10.1016/j.jacl.2014.11.008
https://doi.org/10.1016/j.atherosclerosis.2013.09.007
https://doi.org/10.1373/clinchem.2014.231365

	Investigating quality of care for diabetes mellitus, congestive heart failure and chronic kidney disease in Ontario’s Family Health Group and Family Health Organization models
	Recommended Citation

	ETD word template

