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Abstract 

Affordable health care access that provides well-coordinated and high-quality 

services on time is a goal that governments and health organizations strive for. Regrettably, 

most countries deal with access problems that affect the population's health, such as long 

waiting lists for specialized medical services, overcrowding of emergency departments, and 

high health prices. In the present doctoral dissertation, I model and analyze the strategic 

interactions that inhabit the health system machinery to uncover possible structural 

problems that led to the aforementioned issues. The study involves operation research, data 

science, and game theory techniques to address the health care access predicament. 

Each research topic in this document targets a single access problem; however, taken 

together, the findings highlight the need for better coordination and supervision in health 

systems. The first topic studies the waiting lists for specialized medical services considering 

local and regional interactions among public hospitals and governing institutions and the 

possible roles of private providers. The second topic focuses on the overcrowding of 

emergency departments considering the interactions among ambulance allocation 

decisions, waiting times to treatment, fairness, and efficiency. Finally, the last topic explores 

hospital consolidation as a factor determining high prices in health care markets where 

patients, insurers, and hospitals interact with each other.  

Several insights to increase health care access were obtained through this 

dissertation. The results of the first research topic indicate that an increase in cooperation 

among hospitals can significantly reduce waiting lists for medical services due to the 
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heterogeneity of demand and resources of each institution. Furthermore, the cooperation 

should not be limited to local negotiations; instead, it should be expanded to regional 

contexts to mitigate the negative effect of selfish behaviors. The second study shows that 

implementing centralized decision systems for ambulance allocation can significantly reduce 

emergency department overcrowding. However, patient-centered models need to be 

considered to deliver increases in system efficiency that are fair to everyone. The last 

research topic indicates that increasing competition (or reducing consolidations) in health 

care markets reduces health prices and insurance premiums. Furthermore, expanding 

insurers' networks generate similar outcomes and even better results in oligopolistic 

scenarios. Finally, hospital consolidations do not imply an increase in quality of care, and 

changes in the demand (e.g., due to SARS-Cov-2) should reflect adjustments in the health 

policy prices. 

The insights of this work can influence policy modifications to enhance health care 

access in developing and developed countries. Implementing the proposed frameworks will 

reduce mortality rates and increase the quality of life for patients. 
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Chapter 1: Introduction 

The right to health was internationally recognized in the 1946 constitution of the 

World Health Organization (WHO) as a fundamental human right without distinction of 

socio-economical status, religion, race, or political preference [1]. One key component of the 

entitlements of this right is access to health care providing equal opportunity for everyone, 

timely treatments, and the highest attainable level of health [2]. However, nowadays, half of 

the world's population lacks access to essential medical services, and 100 million are forced 

into acute poverty due to health prices [3]. The lack of access to health care affects 

developing and developed countries [4, 5, 6]. In 2019 in the United States (US), 66.5% of all 

bankruptcies were tied to medical issues, and more than 26 million people did not have 

health insurance at any moment during the year [7, 8]. The Office of Disease Prevention and 

Health Promotion in the US identify four barriers to health care access: lack of availability, 

high cost of care, inadequate coverage, and lack of culturally competent care [9]. A few 

consequences drawn from this problem are higher mortality rates and treatment costs, 

lower quality of life, late diagnosis, and preventable hospitalizations [9, 10, 11, 12]. 

To deal with the lack of access to health care, the WHO has promoted the agenda of 

universal health coverage (UHC), to which 193 countries subscribed through the sustainable 

development goals of the United Nations [13, 14]. This agenda aims to increase the number 

of health services available, extend them to non-covered members of the population, and 

reduce cost-sharing and fees. However, most countries implementing UHC are facing 

shortages in the health workforce [15]. At the same time, studies have shown that as the 
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patient cost-sharing reduces, waiting times for elective treatments increases, and the waiting 

lists become a device to control access to health care [16, 17]. The waiting list problem exists 

in developing and developed countries, such as Chile, Brazil, India, England, Canada, Italy, 

and Australia [18, 19, 20, 21]. Some consequences of waiting lists are emotional trauma, 

increased patient mortality and morbidity, and public disapproval of governments [22, 23, 

24, 25, 26, 27]. In a combination of supply-side and demand-side policies, waiting time 

guarantees appear as a promising development to end the waiting lists [11, 27, 28, 29]. 

Nevertheless, the obligation of health providers to favor access over needs conflicts with the 

Hippocratic oath [30]. Furthermore, countries might determine the time guarantees based 

on selected conditions or population segments, leaving uncommon diseases or low-risk 

patients without timely treatment or funding [28, 31, 32, 33]. As a result, extended waiting 

lists for non-prioritized patients or conditions occur [22]. 

In the US, the health system does not align with the framework promoted by the WHO 

through the UHC; instead, the age and financial availability of patients determine the level of 

access to care and ration the demand, especially in primary care [34, 35]. In the last decades, 

emergency departments (EDs) have taken responsibility for public health surveillance, 

caring for indigent people, disaster preparedness, and primary care [36, 37]. 

Notwithstanding the increase in demand for and utilization of emergency services, the 

number of EDs, hospitals, and hospital beds in the US have decreased significantly in the last 

two decades [38, 39]. The disproportion between supply and demand, caused by the factors 

stated above, has led to the national ED overcrowding crisis [40, 41, 42]. Overcrowding has 

been associated with long waiting times, especially for patients who are not critically ill, thus 

decreasing the quality of care; increasing mortality; increasing patient walkouts; increasing 
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ambulance offload delays; and increasing ambulance diversion, among other externalities 

[43, 44, 45]. In addition to the impact perceived by patients, hospitals are facing financial 

losses due to walkouts and ambulance diversion as consequences of overcrowding in EDs 

[46]. 

The competition-driven health care system in the US has forced EDs to deal with 

unexpected demand and preventable hospitalizations [38, 47]. Moreover, health prices and 

health insurances, therefore health care access, have been surrendered to the market forces 

to find their equilibriums. Unfortunately, a constant trend in the US health system has been 

the increasing concentration of the health insurance industry and the increasing 

consolidation of health delivery organizations [48, 49]. As a consequence, the US has the 

highest health expenditure by gross domestic product (GDP) and per person among all 

countries in the Organization for Economic Cooperation and Development (OECD) [50]. 

However, the US has one of the lowest population coverage, only above Mexico and Costa 

Rica, and the worst public health coverage (among countries with public health) in the OECD 

[51]. This translates to a lower life expectancy and a higher avoidable mortality rate and 

chronic disease morbidity than the average OECD country [51]. The average health premium 

for family coverage in employer plans in 2020 was more than $21,000, where covered 

workers contributed 29% of the family coverage. This applies only to employees who 

benefited from employer plans, and the single coverage rose to $7,000 [52, 53].  

The three significant health care access problems described above (waiting lists, ED 

overcrowding, and consolidation in health care markets) are a clear representation of the 

barriers previously discussed: lack of availability, high cost of care, inadequate coverage, and 

lack of culturally competent care. The objective of this dissertation is to provide methods 
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and strategies that aim for policy modifications to reduce extended waiting lists, decrease 

waiting times in EDs, and reduce health insurance premiums. In other words, to increase 

health care access. The proposed frameworks consider hospitals and systems 

characteristics, patients' needs, geographical locations, local and regional interactions, and 

different strategies to increase fairness in the health care system.  

1.1 Intellectual Merit 

This research tackles the outstanding problem of health care access and its different 

dimensions from the perspective of fairness and efficiency, contributing to the development 

of knowledge by proposing novel mathematical frameworks in the intersection of multi-

objective optimization, game theory, and machine learning. The study has the potential to 

shed light on how competition, cooperation, and allocation affect the utilization of medical 

resources and characterize access levels to a health system.  

1.2 Broader Impact 

The doctoral dissertation results will provide insights and numerical evidence for 

developing public policies in the US and other countries dealing with health care access 

problems. Implementing the proposed frameworks and strategies will improve the 

experience of everyone who uses or intends to use the health systems in the US and abroad. 

A reduction in mortality rates and an increase in quality of life will be direct consequences 

of the implementation of the enhanced health systems. An adequate execution of the 

proposed models can provide novel ways of dealing with health care problems anchored in 

systems engineering methods.  
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1.3 Outline 

The following chapters of this doctoral dissertation are organized as follows: chapter 

2 studies the waiting lists problem in two-tier health care systems to enhance public and 

private hospital interactions. The results uncover the benefits of local and regional 

cooperation among governing institutions and the impact of systemic selfishness on access 

to health services. Chapter 3 presents novel ambulance allocation optimization frameworks 

for the overcrowding problem in EDs. The analysis considers disparities and fairness in the 

development of the strategies. The results provide evidence of the benefits of centralized 

decision models considering the heterogenous type of patients, demand characteristics,  and 

geographical and facilities information. Chapter 4 explores the existing health care market 

among insurers, hospitals, and patients in the US. The chapter studies hospitals' horizontal 

consolidations and the SARS-CoV-2 pandemic impact on prices and quality. The results 

provide insights on how to reduce insurance premiums to increase access to health services. 

Chapter 5 presents the main conclusions of the critical problems analyzed in chapters 2, 3, 

and 4. At the end of this doctoral dissertation, the references and Appendices A, B, C, D, and 

E, for published, under review, and preprints are provided.  
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Chapter 2: Waiting Lists 

Prolonged waiting lists to access health care is a primary concern for countries aiming 

for comprehensive and effective care due to its adverse effects on mortality, quality of life, 

and government approval. According to the OECD, waiting lists are worse in countries 

combining public insurance and low or zero patient cost-sharing [16]. Therefore, presenting 

a significant challenge to the UHC implementation. Chapter 2 presents two novel bargaining 

frameworks to reduce waiting lists for specialized medical services. Unlike previous 

approaches, the study integrates patient and hospital characteristics in frameworks of local 

and regional decisions of two-tier health care systems. The models are intended to improve 

public actors' synergy and integrate different roles that private providers could play to 

reduce waiting lists while accounting for patient prioritization. The first framework, 

framework A, presents local and regional negotiations among public hospitals and considers 

private providers a back-up system after the public network runs out of resources. 

Framework A is solved using the Nash bargaining solution and multi-objective optimization 

in a sequence of games. The second framework, framework B, implements a sequence of 

Nash bargaining solutions to add private hospitals as players in the local and regional 

negotiations of the public system. The study applies Cox proportional hazard models to 

estimate the priority of patients in both frameworks. 

This work also analyzes the consequences of hospitals' selfishness (public and 

private) on the system's performance and suggests different approaches to increase service 

rates in selfish scenarios. The models are calibrated with 2008—2018 Chilean waiting lists 
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data that is publicly available under request. Appendix C displays the paper "The waiting 

game — how cooperation between public and private hospitals can help reduce waiting lists" 

that presents the research of chapter 2. This article is under third revision in the journal of 

Health Care Management Science. 

2.1 Contributions of Research Topic 1 

The contributions of research topic 1 are the following: 

(i) This is the first work that compares two frameworks to reduce waiting lists 

for specialized medical services considering patients, public hospitals, private 

hospitals, and local and regional negotiations.  

(ii) This is the first study that uses the Nash bargaining solution and multi-

objective optimization to mimic the interaction among hospitals and 

governing institutions dealing with waiting lists and improve their synergy. 

(iii) Based on real data, the study evaluates the impact of hospitals' selfishness and 

identifies which strategy provides the best solution to reduce waiting lists. 

2.2 Main Results of Research Topic 1 

The case study shows that framework A reduces the Chilean waiting lists by up to 

37% using available public resources. Moreover, the bi-objective model reveals the trade-off 

between diagnosing unserved demand and the additional expense of using private hospitals 

as a back-up system. Framework B shows a reduction of up to 60% of waiting lists when 

private hospitals are introduced as players in the public health system. The analysis on 

selfishness demonstrates that local negotiations are more sensitive to this behavior than 

regional negotiations. In the same line with these results, public selfishness appears to have 

a more significant impact on the system than private selfishness. Finally, the study shows 
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that the prioritization of patients is an excellent mechanism to divert the negative effect of 

lack of cooperation toward the low-priority segments.  

2.3 Future Directions of Research Topic 1 

Future directions of research topic 1 include adding more health care levels (e.g., 

primary care) to the problem and expanding the study to new reimbursement mechanisms 

that could change hospitals' interactions. For example, Chile is starting a pilot program of 

reimbursement through diagnosis related groups (DRGs) that could increase competition 

and service rates among providers. Additional behavioral studies measuring the selfishness 

levels might prove helpful.   
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Chapter 3: Emergency Department Overcrowding 

In the last two decades, emergency department (ED) overcrowding has become a 

national crisis for the US health care system. Increasing mortality rates, decreasing quality 

of care, financial losses due to walkouts, and ambulance diversion are some of the 

consequences of ED overcrowding [43, 44, 45]. Given the increasing demand for ambulance 

utilization [54, 55], assigning service requests to EDs becomes a vital function of emergency 

medical services. Chapter 3 presents new ambulance allocation models to reduce patients' 

total time to treatment and EDs overcrowding. Three optimization strategies are proposed, 

taking into account both EDs' workloads and service allocation. Unlike previous approaches, 

this study recognizes that minimizing total or average waiting times across all emergencies 

may favor certain patients over others. The first strategy, system efficiency, focuses on 

minimizing total times to treatment (travel times plus waiting times in EDs). The second 

strategy considers the reduction of disparities in addition to the system efficiency. The last 

strategy takes a game theory approach to generate a grand coalition between the players 

(patients) to improve efficiency and provide fair payoffs to emergencies. 

Strategies one, two, and three are represented using mixed-integer programming and 

solved through single-objective optimization, multi-objective optimization, min-max 

technique, and the non-symmetric Nash bargaining solution. The models consider patient 

priorities, health conditions, quality of care, walk-ins, geographical locations, time periods, 

and the capability of each ED to treat the health conditions.  
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The study presents a numerical experiment to test the applicability and scalability of 

the formulation. Furthermore, the three strategies are implemented in a real data case study 

in Florida (US). Appendix D displays the paper "Ambulance allocation optimization model 

for the overcrowding problem in US emergency departments: A case study in Florida" that 

presents the research of chapter 3. This article was published in Socio-Economic Planning 

Sciences in 2019 [56]. 

3.1 Contributions of Research Topic 2 

The contributions of research topic 2 are the following: 

(i) This is the first work that compares three different optimization strategies to 

account for the conflict between efficiency and fairness in the overcrowding 

problem of EDs.  

(ii) This study presents a centralized decision system with remote triage that 

considers EDs' workloads, patient priorities, different diagnoses, geographical 

locations, quality of care by pathology, and different time periods. 

(iii) Based on numerical experiments and real data, the study identifies which 

strategy provides the best solution for the prolonged waiting times in EDs and 

incentivizes system fairness. 

3.2 Main Results of Research Topic 2 

Based on the case study in Florida, the analysis indicates that the utilization of either 

strategy results in improved time to treatment, decreased waiting times, and less EDs 

overcrowding. However, choosing the right strategy is vital to ensure the wellness of all 

patients. The first strategy provides a 31.4% reduction on the average time to treatment in 

the system. Nevertheless, further analysis revealed the negative effect of this first strategy 
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on some patients, despite the priority class assigned to them. The second strategy uses a bi-

objective approach between fairness and efficiency to generate multiple combinations of 

solutions. This approach allows decision-makers to select a disparity and understand the 

trade-off between increasing efficiency and reducing the disparity. However, patients not 

included in the fairness objective function could increase their time to treatment to even 

worse levels than the current scenario. Finally, the third strategy provides a 26.4% reduction 

on the average time to treatment and guarantees a positive effect for every patient with 

respect to the current conditions.  

3.3 Future Directions of Research Topic 2 

Future directions of research topic 2 include the design of a hybrid strategy where a 

bi-objective model uses a fairness function and the non-symmetric Nash bargaining solution 

to generate a trade-off. This model will guarantee an improvement for every patient with 

respect to current conditions and allow decision-makers to focus on specific populations 

suffering disparities. Additional studies considering metrics to compare the strategies from 

an economic point of view might prove helpful.  
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Chapter 4: Hospital Mergers in Health Markets 

In the US health care system, competition is recognized as the cornerstone to balance 

and reduce costs while increasing quality [57]. Nevertheless, provider and health insurance 

markets becoming more concentrated has been a significant trend in the last decades [58, 

59, 60]. While an increase in efficiencies is expected with provider consolidation, benefiting 

patients and customers of health services, recent studies have found that concentrated 

health systems are associated with higher hospital prices, frequently observing a 20% 

increase or more when mergers are present in the market. Furthermore, some cases showed 

an association between hospital mergers and higher mortality rates, pointing that an 

increase in prices did not improve the quality of care [61, 62]. Chapter 4 presents a 

framework to mimic health market interactions among patients, insurers, and hospitals. The 

study compares scenarios of hospital mergers and changes in the demand (SARS-Cov-2) to 

understand the impact on insurance prices and quality of care. Unlike previous studies, the 

work provides a methodological approach to consider different levels of decision instead of 

a single level with different stages. Furthermore, the suggested approach is highly applicable 

in contrast to the methods available in the literature that are primarily restricted to 

theoretical analysis.  

The study uses real data to build a framework including patient, hospital, and 

insurance characteristics. The model is calibrated based on Hillsborough County in Florida, 

where thousands of models are run to depict changes in the policy premiums. The 

framework is solved using a bi-level optimization approach combined with game theory 
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(Nash bargaining solution and Stackelberg game), diagonalization techniques, and the 

Karush–Kuhn–Tucker conditions. Appendix E displays the paper preprint "A bilevel-Nash-

in-Nash model for hospital mergers in health care markets: A key to affordable care" that 

presents the research of chapter 4. This article will be submitted to the journal of Health Care 

Management Science. 

4.1 Contributions of Research Topic 3 

The contributions of research topic 3 are the following: 

(i) This is the first work that integrates bilevel optimization and game theory 

(cooperative and competitive) approaches to solve a real scenario of US health 

care prices considering levels of interactions among hospitals, insurers, and 

patients. 

(ii) This study analyses the impact of hospital oligopolies in the market 

equilibrium and health care access for different scenarios of agreements and 

demand characteristics.  

(iii) Based on real data, the study provides policy recommendations to reduce the 

price of health care in the US and highlights the expected policy price 

reductions with SARS-Cov-2.  

4.2 Main Results of Research Topic 3 

Based on the case study in Florida, increasing hospital competition in the current 

market can reduce policy prices by up to 14%. At the same time, expanding insurance 

networks can significantly reduce policy prices in either concentrated or competitive 

markets, where greater benefits appear in oligopolistic scenarios. This can be an alternative 

to consolidation penalties to reduce health care prices. The analysis performed in the SARS-
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Cov-2 scenario reveals a policy average price reduction of up to 31% due to the decrease in 

hospital services demand. Finally, the analysis reveals that no significant improvement in 

quality is found when health prices increase or when the hospital market is oligopolistic.  

4.3 Future Directions of Research Topic 3 

Future directions of research topic 3 include expanding the current framework to 

analyze insurers' consolidation and the design of a two-stage stochastic model to simulate 

patients demand. Additional studies performing similar analyses in other regions might 

prove helpful to validate this study's insights.  
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Chapter 5: Conclusions 

Nowadays, half of the world's population lacks access to essential medical services 

where the 1) high cost of care, 2) inadequate coverage, 3) lack of availability, and 4) lack of 

culturally competent care have been recognized as the barriers to health care access. A 

deficient health care access carries several consequences ranging from higher mortality 

rates to lower quality of life. This doctoral dissertation has analyzed and modeled, to some 

extent, the strategic interaction in three major health care access problems: waiting lists for 

specialized medical services (barriers 2, 3, and 4), emergency departments overcrowding 

(barriers 3 and 4), and consolidation in health care markets (barriers 1, 2, and 4). 

The studies presented in this dissertation have led to the following findings and 

conclusions. First, increasing cooperation among public providers in two-tier health care 

systems significantly reduces waiting lists for specialized medical services (up to 37% 

reduction). Having prioritization techniques embedded in the decision frameworks protects 

high-risk patients from the impact of lack of cooperation, and regional negotiations enhance 

resource utilization even in unfavorable selfish scenarios. Furthermore, despite the political 

circumstances, private providers can play a fundamental role in the minimization of waiting 

lists, either as back-up or main actors. Second, centralized decision systems using remote 

triage showed a significant improvement in the management of ambulance allocation 

compared to decentralized systems. The improvement translates into a reduction of average 

time to treatment (travel time plus waiting time in EDs) of up to 31%. However, further 

analysis revealed that conventional optimization approaches generate negative results for 
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certain patients to maximize the common welfare. Therefore, strategies considering fairness 

concepts generating patient-centered solutions (e.g., Nash bargaining solution) to reduce 

EDs overcrowding are needed. Third, increasing health care market competition reduces 

health prices and insurance premiums. Furthermore, expanding insurance networks 

reduces policy prices in either concentrated or competitive markets, with better results in 

oligopolistic scenarios. This can be an alternative to consolidation penalties to reduce health 

care prices. Finally, hospital consolidations do not reflect a significant increase in quality of 

care, and changes in the demand (e.g., due to SARS-Cov-2) should reflect adjustments in the 

health policy prices.  

The findings highlight the importance of decision systems anchored in engineering 

methods to improve efficiency and fairness in health care systems. The frameworks 

presented in the previous sections give insights into how strategic interactions affect the 

utilization of medical resources and determine the health care access received by the 

population. This dissertation has advanced the knowledge and numerical evidence of the 

lack of coordination/supervision existing in health systems that policymakers could use to 

redesign current structures or implement incentives/penalties accordingly. Future research 

that expands the number of actors considered in the strategic interactions and incorporates 

behavioral analysis into the frameworks might prove helpful. 

Health system engineering methods present enormous opportunities for improving 

care coordination, quality, efficiency, and fairness, which may be essential to achieve 

sustainable access to health care worldwide. 
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