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Abstract 
 

The quadruple aim is an approach to optimize the performance of the health system 

in the United States and consists of four dimensions. The main objective is to improve the 

population's health, followed by reducing cost, improving patients' experience, and 

increasing providers' satisfaction. In the present doctoral dissertation, I explore three 

strategies that help accomplish the quadruple aim at the primary care level. The analysis 

combines data science and operation research principles to address health system 

engineering questions. 

Each strategy proposed in this document emphasizes one objective more than 

another; however, all of them in conjunction serve to attain the four goals of the quadruple 

aim directly or indirectly. The first strategy involves restoring house call services as a setting 

to deliver primary care services. The second strategy examines efficiency and fairness in care 

access to home-based primary care practices, considering two divergent approaches, 

proactive and reactive care. The analysis involves medical and non-medical conditions (i.e., 

social determinants of health) as part of the selection criteria to admit patients. The third 

strategy relates to financial implications for primary care practices of using a reimbursement 

model that pays for performance and considers a factor that primary care practices can 

control. Under this strategy, I evaluate the two most recent Medicare alternative payment 

models, the 'comprehensive primary care plus' and the 'primary care first,' regarding profit, 

revenue, and patient selection.  
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The main findings indicate that the house call setting better achieves, on average, the 

objectives measured in this study for solo, small, and medium primary care practices. 

Similarly, small home-based primary care practices that provide proactive care seemingly 

more efficient and equitable than those that are more reactive. Regarding the value-based 

payments models, the comprehensive primary care plus resembles a more stable 

reimbursement model for a primary care practice; however, the primary care first 

reimbursement model further emphasizes the performance component. The disadvantage 

of the primary care first payment model is its high variability in all output variables and an 

inclination to select less severe patients. In contrast, the comprehensive primary care plus 

holds a high percentage of fee-for-service (i.e., a volume-based payment).  

It is expected that the research findings will influence public policy development to 

enrich the primary care level, and thus, improve the overall population health. I also 

anticipate that the correct implementation of these strategies will impact everyone who uses 

the health system, contribute to increasing the satisfaction among primary care providers, 

and reduce costs in the system. 
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Chapter 1: Introduction 
 

As the first contact between the patient and the health system, the primary care level 

has the potential to improve population health while overcoming health disparities and 

reducing costs [1, 2, 3]. However, the supply-demand for primary care is unbalanced in the 

United States; the growth of older adults and the shortage of primary care providers increase 

the difficulties of timely access to primary care services [4, 5]. The population 65 years and 

older is rising worldwide and more rapidly than any other age group [4]. In the United States, 

this population will make up to 20% of the total population by 2030 [5]. The World Health 

Organization has promoted the benefit of emphasizing primary care as a strategy to 

approach an aged population [6]. Similarly, studies show that focusing on the primary care 

level drops the use of emergency rooms, decreases hospitalizations, reduces total healthcare 

costs, and decreases morbidity and mortality in the community [7].  

The reimbursement structure utilized to pay for primary care services is one factor 

that considerably affects the development of primary care in the United States. For decades, 

the fee-for-service payment model has been the most used reimbursement system to pay for 

primary care services, accounting for an average of 73.1% of the revenue across primary 

care practices [8]. The fee-for-service payment method increases the healthcare costs; 

augments cases of overdiagnosed and overtreated patients; and undermines the efforts 

toward a coordinated, continuous, first contact, and comprehensive primary care [9]. 

Considering that the fee-for-service payment model is deemed an obstacle to improving care 

delivery, the United States health system has driven a transition toward value-based 
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payments, which better support new care delivery models. These care delivery and 

reimbursement models strive to reestablish the worth of primary care services and reach a 

better overall health system performance [10]. 

The patient-centered medical home is one of the reinforced care delivery models that 

has emerged in the United States to enhance the primary care level. The model underpins 

five principles: quality and safety, comprehensive care, coordinated care, patient-centered, 

and accessible care [11], demonstrating the potential to improve the provision of care to 

older adults [12, 13]. The implementation of the patient-centered medical home model in 

some states has resulted in a 15% reduction in adult emergency department visits and a 21% 

decrease in adult ambulatory-care-sensitive inpatient stays [14, 55]. Nevertheless, only 7% 

and 19% of solo and small practices, respectively, have been certified as patient-centered 

medical home practices [55]; considering that these practice sizes deliver more than 50% of 

primary care services in the United States [15, 16,]. According to [17], solo and small 

practices will remain essential in the United States health system, particularly in rural areas. 

The Centers for Medicare & Medicaid Services Innovation has included the 

Independence at Home Demonstration program as part of the patient-centered medical 

home initiative. The purpose is to determine whether a delivery model founded on home-

based primary care (i.e., a house call model) improves population health while reducing cost 

[18]. Thus, the home-based primary care model —which operates under the patient-

centered medical home principles—, changes the care location from the office to the 

patient's home to bring care close to people living in underserved areas, suffering functional 

impairment, or experiencing transportation barriers [18]. The home-based primary care is 

a precise, intensive primary care program directed toward 'high-need, high-cost' patients 
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[19, 20]. Although there is not a clear definition of high-need high-cost patients, multiple 

chronic conditions, advanced age, behavioral problems, functional impairments, and 

significant risk of adverse events are general characteristics of this group, small in 

proportion, and responsible for a substantial level of healthcare use and expenditure [20, 21, 

22]. Although the eligibility criteria for Medicare demonstrations and certified home health 

agencies reduce access to specific groups, the benefits of house call could be extended to all 

individuals who prefer to be cared for in their own homes [23, 55]. Regarding the future of 

home-care, [24] outlines the need for more responsive home-care benefits, which should be 

in accordance with people's demands, pointing out the potential of innovating within the 

field of home-care before inpatient hospital care. 

The home-based primary care and patient-centered medical home models present 

some challenges, and thus, opportunities to restructure their design and implementation. 

First, several studies in recent years relate health outcomes, such as the development of 

chronic conditions, to social determinants of health [25, 26, 27], a concept defined by the 

World Health Organization as 'the conditions in which people are born, grow, live, work and 

age' [28]. Although the evidence suggests that the patient-centered medical home model 

reduces hospitalizations, increases savings, and improves care quality [29, 30, 31], it has not 

significantly reduced health disparities [32, 33, 34, 2]. Second, some studies advise that 

directing interventions exclusively to high-need high-cost individuals may not considerably 

decrease costs; focusing on patients across risk levels has a more meaningful effect on 

diminishing health spending and developing cost-efficiency [35, 36]. This idea originated 

from a study conducted by [37] in 1985, in which he introduced the concept of 'population 

strategy' for preventive medicine, arguing that 'a large number of people at a small risk may 
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give rise to more cases of diseases than the small number who are at a high risk.' In this 

regard, the proactive care strategy reduces costs, as well as aligns with value-based payment 

models [38]. Consequently, strengthening primary care to move steadily from reactive to 

more proactive and inclusive care seems to be a proper approach to reduce costs and achieve 

health equity. 

Compatible with the principles of the patient-centered medical home and home-

based primary care models, the Center for Medicare & Medicaid Innovation has proposed 

and tested alternative payment models for primary care practices since 2012 [39]. The most 

recent alternative payment models are the comprehensive primary care plus and the 

primary care first. However, some concerns have also arisen regarding these reimbursement 

models [40]. First, the proposed Medicare alternative payment models could place primary 

care practices at financial risk since the compensations received under the pay-for-

performance component relies on factors that the practice has little or no control over, such 

as visits to emergency department for random reasons [41]. Hence, a correct design of an 

alternative payment model to estimate pay-for-payment based on aspects managed by the 

practice is still a subject of discussion [42]. Second, fees and payments under alternative 

payment models could not be sufficient to cover patients' needs in small primary care 

practices [40]. This problem would have a notable impact on rural primary care practices 

since most of them are small and provide care to a more severe patient panel than those 

located in urban areas [43, 44]. Third, the alternative payment models should consider 

payment based on patients' severity to ensure that a primary care practice admits 

individuals across risk levels and has enough resources for their care, especially for more 

complex patients [41]. The Center for Medicare & Medicaid Innovation has dismissed this 
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aspect, proposing a payment model that uses flat fees and payments for all admitted patients 

and services [45]. 

Notwithstanding the above, the demographics changes in the United States create the 

necessary conditions to pay attention to innovative payment systems and care delivery 

models, such as house call, given the multiple benefits of offering care at home for patients 

and providers [46, 47, 48, 49]. Eventually, the purpose of all emerged care delivery and 

payment models is to encourage the so-called 'quadruple aim' proposed by [50] in 2014. The 

'quadruple aim' is an expansion of the so-called 'triple aim' developed by the Institute for 

Healthcare Improvement in 2007 to optimize the performance of the United States health 

system [51, 52, 53, 14, 55]. Improving the health of the United States population is the 

primary goal of the quadruple aim; reducing costs, improving the patient experience, and 

improving the provider experience are included as secondary goals, and they contribute to 

the achievement of the primary objective [50]. The present doctoral dissertation 

encompasses strategies at the primary care level to achieve the quadruple aim supported 

with numerical evidence and considering demographic changes the country is experiencing 

(e.g., an aged population). The achievement of the quadruple aim, and specifically, the 

secondary goals, became the cornerstones of all subsequent Chapters in this document.  

 

1.1   Intellectual Merit  

Developing knowledge at the primary care level of how changes in the care delivery 

such as reestablishing house call services and reinforcing preventive medicine approach, as 

well as operating a suitable value-based payment model, can contribute to improving the 
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overall performance of the United States health system through reducing costs, improving 

the patients' experience, and increasing the providers' satisfaction. 

 

1.2   Broader Impact 

The research findings will provide numerical evidence for developing public policy to 

enhance the United States health system through the primary care level. The design and 

implementation of the proposed strategies will impact the experience of everyone who uses 

the United States health system, particularly disadvantaged older adults who suffer from 

multiple chronic conditions. An adequate execution of the strategies will also increase the 

well-being of primary care providers and reduce costs in the overall health system. The 

numerical evidence may also contribute to analysts in other countries worldwide who 

demand improvements in their health systems. 

 

1.3   Outline 

The present doctoral dissertation is divided into five parts. Chapter 2 evaluates if a 

house call setting better supports achieving the secondary goals of the quadruple aim. The 

results are contrasted with caring provided at the office for different practice sizes. Chapter 

3 explores efficiency and fairness in care access of two divergent strategies: proactive and 

reactive care among small home-based primary care practices. Also, it assesses the 

association between social determinants of health and chronic conditions using probabilistic 

classification models as selection criteria across risk levels. Chapter 4 analyzes the 

comprehensive primary care plus and the primary care first payment models on key 

performance metrics (e.g., profits and revenues), considering the effect of the Bice-
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Boxerman continuity of care index as a factor controllable by the primary care practice. 

Chapter 5 presents the main conclusions of the three strategies offered in Chapters 2, 3, and 

4. At the end of this document, I present the references and in Appendices A, B, C, D, and E, 

the published and under review papers.  
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Chapter 2: Reducing Costs 
 

In this Chapter, I examine three primary care settings, office-care, house call, and 

mixed-care, which combines office-care and house call. This analysis aims to identify which 

of the care settings assist in achieving the secondary goals of the quadruple aim. The analysis 

considers solo, small, medium, and large primary care practices. I have developed a multi-

objective integer programming model that captures elements of a practice from a strategic 

point of view. The formulation minimizes a set of objective functions, each of which relates 

to a secondary goal of the quadruple aim. Thus, the total cost of care services and the total 

number of care workers are associated with 'cost reduction.' Similarly, the total rejected (or 

accepted) demand relates to 'patients' satisfaction,' and the panel size connects with a 'better 

experience' for providers (i.e., a smaller panel size increases the providers' satisfaction) [54]. 

The optimization model is solved using the Nash bargaining solution to obtain a 

Pareto optimal solution, which is also 'fair' to all secondary goals. I compare the care settings 

across practice sizes and secondary goals using a metric proposed in this study to summarize 

the results. The analysis uses instances supported by the literature, which can be adjusted to 

consider each primary care practice's particular attributes. Appendix C displays the paper 

'Office-based and home care for older adults in primary care: a comparative analysis using 

the Nash bargaining solution' that relates to research topic 1. This article was published in 

the Socio-Economic Planning Sciences journal in 2019 [55]. 
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2.1    Contributions Research Topic 1 

The contributions of research topic 1 are the following:  

(i) This is the first study that compares primary care delivery settings from a 

strategic level of care planning, using multi-objective optimization to model 

conflicting objectives associated with each of the most critical stakeholders in 

the healthcare industry (i.e., patient, payer, and provider) to guide the 

achievement of long-term goals of primary care practices. 

(ii) This is the first study that uses the Nash bargaining solution as the solution 

method to solve the multi-objective optimization model to evaluate primary 

care settings. 

(iii) The provision of numerical evidence that serves to identify which of the 

primary care delivery settings strengthens the achievement of the quadruple 

aim for solo, small, medium, and large primary care practices. 

 

2.2    Main Results Research Topic 1 

The numerical results show that none of the explored settings provides the smallest 

solution to the objective functions of the integer programming formulation such that the 

healthcare stakeholders are satisfied simultaneously. The outcomes demonstrate that the 

best environment to provide primary care services depends on the secondary goal of the 

quadruple aim that the primary care practice would like to emphasize, not seeming to rely 

on the practice size. For the instances analyzed, house call still better achieves, on average, 

the goals measured in this study for solo, small, and medium primary care practices, 

considering the metric proposed in this study to summarize the information. Including large 
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practices, settings based on house call strengthen the achievement of the secondary goals of 

the quadruple aim compared with care at the office. 

 

2.3    Future Directions Research Topic 1 

Future directions regarding research topic 1 include performing a similar analysis 

considering Medicare alternative payment models. The evaluation based on value-based 

payment models will force the inclusion of characteristics such as continuity of care and 

support providers (e.g., psychologists, dentists, and pharmacists). These new perspectives 

may render different results to those obtained in the present study. Furthermore, I want to 

expand the analysis to include other metrics to measure the secondary goals of the 

quadruple aim, incorporating, for instance, qualitative techniques to measure satisfaction. 

Similarly, identifying and evaluating different suitable approaches to summarize the data 

extracted from the models, including distinct weights for every secondary goal, is another 

future path. 
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Chapter 3: Improving the Experience of the Patients 
 

A significant aging trend in the United States, followed by a shortage of primary care 

providers, has made timely access to care more challenging. The patient-centered medical 

home and home-based primary care models have emerged to enhance primary care and 

highlight the level as the proper entrance to the health system. Two challenges have arisen, 

although the benefits of these care delivery models. The first challenge relates to the home-

based primary care model. This model focuses on high-need high-cost patients (i.e., the 

home-based primary care follows a reactive approach); however, directing attention across 

patients' risk levels (i.e., attaining proactive care) reduces costs more effectively and 

improves health outcomes [37]. The second problem relates to the patient-centered medical 

home model, which has not been shown to reduce health disparities and address patients' 

social determinants of health [32]. 

Therefore, in this Chapter, I explore reactive and proactive care strategies, with and 

without the inclusion of social determinants of health, to understand how efficient and 

equitable small home-based primary care practices on care access are when operating under 

each of these approaches. I propose a multi-objective optimization model for these primary 

care practices that maximizes access of individuals at distinct risk levels. The optimization 

model still prioritizes the most critical individuals while following the five patient-centered 

medical home principles: quality and safety, comprehensive care, coordinated care, patient-

centered, and accessible care. Additionally, I propose a redefinition of 'high-need' patients 

that aligns with proactive care, characterizing individuals based on their medical and non-
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medical conditions. I solve the models using the weighted sum method to describe the 

traditional reactive approach and the generalized non-symmetric Nash bargaining solution 

to account for the preventive medicine strategy.  

Appendix D displays the complete article titled 'Reactive or proactive care? Assessing 

efficiency and equity of care access among critical patients while considering medical and 

non-medical conditions.' Up to date, this paper is under review in the Socio-Economic 

Planning Sciences journal.  

 

3.1   Contributions Research Topic 2 

The contributions of research topic 2 are the following:  

(i) This study presents the first multi-objective optimization model at the tactical 

level of care planning that includes the five patient-centered medical home 

components, which can be extended to include preventive medicine and social 

determinants of health to support decision-making for home-based primary 

care practices.  

(ii) The study provides a redefinition of 'high-need' patients that comprises 

medical and non-medical conditions and aligns with a preventive medicine 

strategy. 

(iii) The study provides numerical evidence of the proactive and reactive care 

approaches by examining the trade-off between efficiency and fairness of care 

access for small home-based primary care practices. 
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3.2   Main Results Research Topic 2 

Based on the parameters under consideration, the results indicate that proactive care 

seemly more efficient and equitable than reactive care regarding care access to small 

primary care practices. This outcome emphasizes preventive medicine as a reasonable 

pathway to improve patients' experience. The experiments conducted in this study for small 

home-based primary care practices indicate that, on average, proactive care that applies only 

medical conditions as the selection criterion is 4.9% more efficient in care access than 

reactive care. Furthermore, the same scenario compared to the proactive care strategy that 

includes non-medical conditions is on average 4.7% fairer across the analyzed metrics and 

cases. Nevertheless, if the analysis considers patients with a high probability of worsening 

their health conditions, proactive care that incorporates non-medical factors is fairer and 

more efficient.  

 

3.3   Future Directions Research Topic 2 

I would like to extend the analysis to verify the premise adopted in this study, which 

establishes that focusing on patients at different risks level reduces cost in the long term. 

Similarly, as future work, I want to explore further the association between social 

determinants of health and chronic diseases using distinct datasets to identify patterns that 

connect diverse patient panels. Furthermore, expanding the analysis to include medium and 

large primary care practices is another future direction.  
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Chapter 4: Increasing Satisfaction of the Providers 
 

This Chapter analyzes the two recent Medicare alternative payment models, the 

comprehensive primary care plus and the primary care first, which comprise fee-for-service, 

traditional capitation, and pay-for-performance components. The main objective of these 

reimbursement models is to advance toward value-based care. However, the models confer 

some doubts since the pay-for-performance fraction of the total revenue contemplates 

factors not entirely controlled by the practice, potentially increasing the admission of 

healthier patients, and affecting the profit of small primary care practices. In this study, the 

pay-for-performance component is modified in both reimbursement models to include a 

non-controllable agent, the hierarchical condition category score, and a controllable factor, 

the Bice-Boxerman continuity of care index, to predict hospital admissions.  

The adjustment of the pay-for-performance component in both models allows 

evaluating the performance of the practice considering the providers' effort to reduce the 

likelihood of hospital admission of each accepted patient. I have developed a mixed-integer 

programming formulation and analyzed the adjusted pay-for-performance component's 

main elements using a factorial design considering profit per team, revenue for performance 

per team, and severity of patient selection as the output variables. The complete article 

'Controllable and non-controllable factors to measure performance in primary care practices 

under Medicare alternative payment models' is in Appendix E. This article is under review 

in the Operations Research for Health Care journal. 
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4.1   Contributions Research Topic 3 

The contributions of research topic 3 are the following: 

(i) A mixed-integer programming formulation for hybrid reimbursement models 

that combines fee-for-service, traditional capitation, and pay-for-performance 

components and measures the process of the primary care practice to reduce 

a potential adverse event. 

(ii) Evidence for small primary care practices and policymakers about the 

strengths and limitations of the comprehensive primary care plus and the 

primary care first reimbursement models when including controllable and 

non-controllable factors, particularly the Bice-Boxerman continuity of care 

index and the hierarchical condition category score, to estimate pay-for-

performance.  

 

4.2   Main Results Research Topic 3 

The results reveal that the pay-for-performance component, precisely the regression 

coefficients and the hospital admission threshold, have a significant effect on the profit and 

revenue for performance per team with a tendency of the primary care first to admit less 

severe patients than the comprehensive primary care plus. Also, the inclusion of the Bice-

Boxerman continuity of care index as part of the pay-for-performance increases the 

practice's continuity of care. However, the effects in the revenue and profit of a primary care 

practice in a period are more notable under the primary care first payment model because 

the proportion of pay-for-performance in the total revenue under the comprehensive 

primary care plus is minimal. A high percentage of the revenue in both reimbursement 
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models is fee-for-service, even though comprehensive primary care plus and primary care 

first are considered value-based payment models. Similarly, the primary care first downside 

is its sensitivity to changes in the pay-for-performance, displaying high variability in the 

output variables considered in the analysis. 

 

4.3   Future Directions Research Topic 3 

As future research directions of research topic 3, I would like to explore further the 

association between controllable factors and hospital admissions, considering actions 

directly conducted by primary care practices. Also, I want to analyze reimbursement models 

for primary care practices, proposing innovative payment models that improve profit, 

promote quality of care, and support patients' admission at different risk levels. 
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Chapter 5: Conclusions 
 

In the present doctoral dissertation, I have explored three strategies that contribute 

to accomplishing the United States health system's quadruple aim by improving the primary 

care level, which has converged to the following main findings. First, investing in expanding 

house call services to serve all individuals, especially older adults, could be a reasonable 

alternative to improve —primarily— physicians' well-being. The overall score that 

integrates the underlying objectives of each stakeholder (i.e., patients, payers, and 

providers) supports the premise that settings based on house call strengthen the 

achievement of the secondary goals compared to office-based physician settings. Thus, care 

at home is an element of a health system that contributes by some means to improve 

population health.  

Second, efficiency and equity in care access under the home-based primary care 

model do not seem to arise as a trade-off. A proactive view can unite these (apparently) 

conflicting metrics. Hence, increasing health investments toward balancing reactive and 

proactive care might produce positive returns that include higher efficiency and equity at 

the primary care level, cost reduction in the health system, and better population health 

outcomes. Third, there is a need for a value-based reimbursement model that renders less 

uncertainty to primary care practices and provides considerable weight to the quality of care 

in the total revenue. The drawbacks of the comprehensive primary care plus and the primary 

care fist payment models describe aspects that policymakers and primary care practices 

should carefully consider before implementing the models. The findings also assist as a 
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framework to expand the analysis and include factors that measure the practice structure 

and care delivery process to assess its performance.  

As broader future research directions, care coordination across the system 

represents one of the critical aspects to improve patients' experience and require further 

analysis to emphasize primary care as the core level for this endeavor. Similarly, 

telemedicine and telehealth's financial and operational implications in rural primary care 

practices and their impact on the quadruple aim are gaining visibility given the rise of these 

services in the last year in response to the pandemic. Thus, these care services require a 

careful examination to adequately incorporates them into the health system. 
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