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still be considered substantial for process indicators and occasionally PREMS, which can be 

influenced more easily by healthcare providers. Moreover, when designing quality improvement 

interventions, policymakers should consider both proportional and absolute variation in quality 

indicators. This means addressing not only the differences across hospitals and physicians but 

also considering the magnitude of variation in absolute terms. Also, these efforts should include 

proper case-mix adjustment to account for patient characteristics that may influence outcomes, 

as well as awareness of the reliability of estimates. By incorporating these considerations into 

policy and decision-making processes, policymakers can better target interventions and allocate 

resources effectively to improve the quality of care in hospitals and optimize patient outcomes.

Q2: How large are between-hospital and between-physician variations in 
outcomes and costs in Dutch hospital care for high-volume conditions, and 
to what extent can hospitals and physicians be reliably compared on these 
outcomes and costs?
This study aimed to analyse variation in clinical outcomes and costs in Dutch hospital care 

for four high-volume surgical treatments at the level of both hospitals and physicians. Two 

key findings emerged from the analysis, of which the first is consistent with the findings from 

chapter 2. First, although the variation attributed to either level was often significant in absolute 

terms, this proportion was generally small relative to residual variation at the patient level, 

which accounted for 85% or more of total variation. However, it is important to consider 

between-provider variation both in relative (i.e., in terms of variance partitioning coefficients) 

and in absolute terms. Even if the relative level-specific variation appears low, it can still reflect 

substantial variation relevant to patients if the overall absolute variation is high. Second, it was 

typically not possible to make reliable comparisons among physicians due to limited partitioned 

variation and low caseloads. However, for hospitals the opposite often holds. Therefore, for the 

treatments and indicators analysed, variation-reduction efforts directed at hospitals are more 

likely to be successful. However, such efforts should still be performed with caution, considering 

the limitations of the data used and the potentially significant differences in variation and reli-

ability across treatments and outcomes.

Q3: Is Textbook Outcome a useful composite measure for hospital outcomes in 
gastrointestinal patients?
Through the implementation of Textbook Outcome (TO), medical departments and healthcare 

professionals can evaluate and compare their clinical outcomes with peers. The use of compos-

ite TO measures provides valuable insights into the various stages of the clinical pathway. This 

is particularly effective when the selected indicators are non-overlapping and can discriminate 

between different outcomes. This model enables the development of a benchmark that is repre-

sentative of meaningful comparisons between medical centres, thus facilitating the monitoring 

of progress over time. Additionally, underperforming segments of clinical care can be identified 
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and compared against peer performance. Similarly, it is possible to identify exemplary depart-

ments that can serve as models for improvement. TO scores can be analysed with respect to the 

volume produced in each hospital to assess the influence of volume on clinical outcomes. This 

study shows that existing administrative data can be used for monitoring and evaluating clinical 

pathways in high volume treatments. While this study does not investigate the relationship 

between hospital volume and total TO scores, these results can inform future studies on volume 

quotas per treatment. To improve local TO scores, the Pearson’s correlation coefficient can help 

identify the most dominant indicator for defining the total TO score. In the case of Endoscopic 

retrograde cholangiopancreatography (ERCP), this would involve reducing reintervention rates.

Q4: Better resource allocation through prognostic factor identification in high-
volume surgical treatments using routinely collected administrative hospital 
data?
This study utilized routinely available data from hospital information systems to derive clinically 

significant insights on patient factors that influence five outcomes and in-hospital costs for four 

high-volume surgical procedures. The patient factors that exhibited the most significant impact 

on clinical outcomes across all procedures were sex, comorbidity, and prior hospitalization, 

among which prior hospitalization was the strongest predictor of costs. Prognostic models 

constructed from these factors demonstrated fair to excellent discriminative abilities and good 

calibration, highlighting the potential of routinely collected data for prognostic factor research. 

Overall, this study demonstrates the potential usefulness of routinely collected hospital data for 

PF research. Researchers and clinicians should consider utilizing such data to identify clinically 

relevant prognostic factors for specific treatments. Patients and clinicians could benefit from 

these findings by incorporating the identified PFs into condition-specific prognostic models and 

using the results for internal feedback on outcomes and costs. This could aid shared decision-

making and assist clinicians in identifying patients who require closer post-surgical monitoring.

Q5: How accurate is machine learning in predicting severe cardiovascular 
disease in primary care, and how might such predictions aid clinical decision-
making?
The aim of this study was to use machine learning (ML) to predict acute myocardial infarction 

(AMI) and ischemic heart disease (IHD) in primary care cardiovascular patients. The predictive 

performance of two random forest models was evaluated and compared to the commonly 

used SMART algorithm. The results indicate that ML can accurately predict whether patients 

will develop AMI or IHD, with the model for AMI having a good sensitivity and a high specificity, 

along with excellent calibration and accuracy. The performance metrics for the IHD model 

were slightly lower, but overall similar. In contrast, the performance of the SMART algorithm 

on the same populations was substantially lower for both AMI and IHD. These findings suggest 

that ML may be more appropriate for predicting CVD than the existing linear SMART algorithm 
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subjected to the inclusion of more predictors in the ML models. Regardless of this comparison, 

the high predictive performance of the ML models underscores the potential of using ML for 

CVD prediction in primary care settings. Despite the issue of limited interpretability of the 

effects of predictors, transitioning to the use of ML models may benefit primary care provid-

ers, patients, and researchers in supporting individualized predictions, informing physicians and 

patients for informed shared decision making and subsequent (secondary) prevention of CVD.

Q6: What factors have influenced the introduction of a value-based payment 
program in integrated stroke care in Rotterdam, the Netherlands?
The aim of this study was to identify barriers and facilitators regarding the introduction of a 

value-based payment program for integrated stroke care in Rotterdam, the Netherlands. The 

study found that good pre-existing and trust-based working relationships, shared dissatisfaction 

with the status quo, motivational leadership, a simple and regulatory compatible payment con-

tract, and the involvement of a trusted third party for data monitoring and management were 

among the most important factors that facilitated the introduction of the program. However, 

to ensure that the program facilitates integrated high-value stroke care, several issues need 

to be addressed. These include tension between short- and long-term goals, unwillingness to 

relinquish some professional or organizational autonomy, discontinuity in available financial and 

human resources, and limited access to real-time data for effective feedback and input for 

improving care delivery processes. It is crucial that all providers are willing to bear shared 

financial and clinical responsibility over the entire stroke care cycle, regardless of where care 

is provided. Long-term commitment from all stakeholders is essential for successful payment 

and delivery system reform. Creating the appropriate contextual circumstances, including a 

willingness among all involved providers to share financial and clinical responsibility for the 

entire care chain, is crucial for the success of such programs.

Implications for policy and practice

The main question of this thesis was:

How can the strategic value agenda’s domains, specifically measurement and 
prediction of outcomes and costs, efficiency of data utilization, and introduction 
of value-based payment contribute to better care?
With respect to the ten domains of the value agenda, as specified in chapter 1the results of this 

thesis have several implications for policy and practice. These implications can be categorized 

point by point per domain:

1.	 Organize care into integrated practice units (IPUs): This domain implies that healthcare pro-

viders collaborate closely to form IPUs centred around specific medical conditions. General 

directions for policy for this domain involve creating incentives to encourage the formation 

of such integrated units and promoting collaboration among providers within these units. 
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As shown in chapter 7 of this thesis, which explores the establishment of an IPU focused on 

stroke care by incentivizing improved outcomes through value-based payment, the need for 

sustained commitment from all stakeholders engaged in this program is crucial for potential 

success. This commitment requires a willingness to compromise among professionals and 

organizations as well as a commitment to long-term collaboration. By doing so, stakehold-

ers foster better integrated care for patients in which providers coordinate closely, which 

ultimately should lead to improved outcomes and lower costs35,36.

2.	 Measure outcomes and cost for every patient: This domain emphasizes the significance of 

measuring costs and patient outcomes based on health recovery, time to recovery, and long-

term therapy consequences37. In general, policies aimed at developing this domain focus on 

determining standardized measures for assessing outcomes and costs as well as enhancing 

transparency and accountability within healthcare systems. As highlighted in chapters 2 to 

4, understanding the factors contributing to variation in outcomes related to care quality, 

such as the influence of hospitals and physicians, patient characteristics, and unobserved 

factors, better enables stakeholders in finding areas for improvement. By mitigating such 

variation, healthcare providers can strive for more consistent and higher-value care de-

livery. Given that our results suggest the existence of meaningful variation, governmental 

organizations such as the Dutch Healthcare Authority (NZa) and the National Health Care 

Institute (ZINL) should develop an accessible framework that specifically helps providers 

identify and address variation in care quality instead of leaving it up to chance whether 

providers are involved in outcome research. Such guidelines could encompass potential 

research initiatives, incorporating strategies for efficient data utilization, and introducing 

programs that outline specific goals and benchmarks for healthcare providers to adhere to. 

Presently, the ‘Integrated Care Agreement’ (integraal zorgakkoord), which includes a wider 

range of framework agreements, encompasses the ‘outcome-based care’ (uitkomstgerichte 

zorg) program designed by The Dutch Ministry of Health, Welfare, and Sport’s (VWS). This 

program aims to enhance healthcare quality in the Netherlands by focusing on measurable 

outcomes that matter to patients38,39. This involves collecting data on the effectiveness and 

efficiency of healthcare, involving patients in decision-making, and promoting collaboration 

among healthcare providers to optimize care. The program seeks to enhance transparency 

in healthcare, reduce administrative burdens, and align care more closely with individual 

patient needs. This program represents a crucial first step towards a more patient-centred 

and data-driven healthcare system. By collecting data on outcomes, healthcare providers can 

make data-driven decisions together with patients. This program contains certain national 

(e.g., DICA40) and international (e.g., ICHOM41) examples that underscore the significance 

of standardized outcome measurement and the exchange of best practices. However, while 

the program emphasizes the importance of measuring outcomes, the practical aspects of 

data collection, analysis, and how to make fair comparisons are areas which need further 

addressing in the future. Furthermore, continuity of such programs also hinges on the stabil-
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ity of political landscapes. Political changes can bring shifts in priorities and policy direc-

tions, which can, in turn, influence the trajectory of healthcare initiatives through altered 

healthcare strategies and funding allocations. Therefore, while these programs aim to bring 

about positive changes in healthcare, they must also remain adaptable to ensure long-term 

success. In future efforts, such programs could, for example, include routine monitoring 

and evaluation of care outcomes. Moreover, healthcare professionals and organizations 

should collaborate with each other and government agencies to identify specific areas of 

concern and implement improvement strategies. This may involve sharing best practices and 

providing resources to support quality improvement efforts. Such interventions should aim 

to standardize care processes, enhance clinical decision-making, provide insight in costs, 

and address any identified gaps in care quality. By implementing these interventions, the 

goal is to create a healthcare system in which variation in care quality is minimized, and all 

patients receive consistent, safe, and effective care regardless of the healthcare provider 

they encounter.

3.	 Reimburse care through Bundled prices: This domain focuses on realizing more value for 

patients through introducing bundled payment models where a single payment covers the 

entire care cycle for a specific diagnosis. This approach encourages competition as well as 

interdisciplinary care and coordination among healthcare providers. General directions for 

policy mainly concern the development and alignment of payment models to encourage 

value-driven care delivery through such payment models. As demonstrated in chapter 7, 

several factors are crucial for payment and delivery system reform to be successful. Value-

based payment models moreover require sustained engagement from all stakeholders, 

extending beyond the initial introduction of new models. It is essential to carefully craft the 

appropriate contextual conditions, which involve the willingness of all participating provid-

ers to collectively shoulder financial and clinical responsibility throughout the entire care 

continuum, irrespective of where care is delivered. This means that special emphasis should 

be put on that the success of value-based payment models largely depends on creating and 

maintaining specific contextual conditions. This necessitates a change in the way providers 

currently operate. It should, for example, become permissible for providers to express their 

views on how care is delivered by other providers, fostering a culture of open communica-

tion and collaboration. This change is vital for achieving more integrated care that goes 

beyond the boundaries of individual healthcare providers.

4.	 Integrate care delivery across system facilities: This domain seeks to define an optimal scope 

of services across various healthcare facilities and allocate resources effectively. The aim 

is to encourage integrated care delivery that improves patient outcomes and resource 

utilization. This includes a shared definition on a scope of services where providers achieve 

optimal value and allocate resources accordingly. General policy directions for this domain 

emphasize fostering collaborations among different healthcare facilities and incentivizing 

the provision of high-value services. In the context of the research conducted in chapters 
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3 to 7, the importance of ensuring shared (financial) data definitions and data collection 

becomes evident. This is because accurate and consistent data definitions lay the foundation 

for reliable comparisons. When multiple healthcare entities are involved, especially in the 

context of value-driven care, having standardized data definitions ensures that the data 

collected are uniform across different providers and facilities. This, in turn, enhances the 

credibility of any comparisons made based on this data and the appropriateness of following 

interventions. Without shared data definitions, the potential for misinterpretation or incor-

rect conclusions increases, which could have significant implications for policy decisions, 

quality improvement initiatives, and overall healthcare delivery.

5.	 Expand area of excellence: Within this domain, providers are expected to achieve value 

by extending their expertise through affiliation programs. This includes encouragement of 

knowledge sharing and collaboration among healthcare providers to extend the impact 

of high-value practices and interventions. General policies that aim to expand the area of 

excellence focus on promoting collaboration and knowledge-sharing among providers to 

enhance the impact of successful practices. The significance of enabling sound and transpar-

ent research on outcomes, costs, and collaboration, as highlighted in chapters 3 to 7, lies in 

its potential to drive substantial improvements in healthcare quality and delivery. By facilitat-

ing research on these aspects, healthcare providers can gain valuable insights into what 

works best in terms of patient outcomes, cost-effectiveness, and collaborative practices. 

This research-driven approach empowers providers to identify successful strategies and 

practices, leading to a better understanding of how to achieve high-value care. Furthermore, 

the emphasis on transparency ensures that knowledge is openly shared among healthcare 

professionals, fostering a culture of continuous learning and improvement with the caveat 

that results need sufficient reliability to warrant appropriate interventions.

6.	 Build an enabling information technology platform: This domain underscores the impor-

tance of utilizing common data definitions and integrating various data types to extract 

meaningful patient outcome, process, and cost information. General directions for policy 

for this domain revolve around promoting interoperability and robust health information 

exchange systems to enhance the sharing and utilization of healthcare data. In the present 

healthcare landscape, the effective utilization of data has become an essential aspect of 

optimizing healthcare systems. Chapters 3 to 5 underscore the crucial role of leveraging 

existing data and integrating diverse data types to explore (variation in) patient outcomes, 

care processes, and costs. The ability to analyse data from various sources allows for 

better-informed decisions and more robust assessment of healthcare practices and their 

effectiveness. Leveraging existing data is particularly beneficial as it minimizes redundancy 

in data collection processes and enhances resource efficiency. In this context, The National 

Vision and Strategy for the healthcare information system currently aims to emphasizes the 

development of an efficient and integrated healthcare information system that facilitates the 

exchange of patient data among healthcare providers, enhances the quality of care, helps 
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place patients at the centre of their own treatment42. International efforts that pursue revo-

lutionizing healthcare by facilitating the seamless and secure sharing of health data across EU 

member states include The European Health Data Space by the EU43. The latter mainly seeks 

to create a unified digital ecosystem for health data, enabling healthcare providers, research-

ers, and policymakers to access and exchange health information efficiently. Both initiatives 

highlight implementation of standardized data exchange protocols, ensuring the privacy and 

security of patient data, and promoting innovation in digital health technologies to enhance 

overall healthcare delivery. Although this program represents a step towards achieving a 

more integrated and patient-centric healthcare system, there is room for improvement in 

making it more accessible and actionable for healthcare providers. One key enhancement 

could be the inclusion of clear and concise guidelines outlining the steps providers can take 

to improve their information platforms. These guidelines should detail what specific actions 

need to be taken, within what timeframe, and the investments required to accomplish these 

improvements. By condensing this information into 1-2 pages, the program becomes more 

user-friendly and practical for healthcare providers who may not have the time to read 

lengthy documents. Additionally, providing case studies or real-world examples of healthcare 

organizations that have successfully implemented these improvements could further inspire 

and guide providers in their efforts. Overall, making the program more accessible and user-

friendly might encourage greater participation and engagement from providers, leading to 

more effective integration of healthcare information systems and better patient outcomes.

7.	 Establish a systematic approach for quality improvement: In this domain, the emphasis 

lies on implementing structured approaches for continuous enhancement of care quality. 

General policies that might assist in doing so involve encouraging the adoption of quality 

improvement frameworks, guidelines, and accreditation systems to ensure consistent and 

high-quality care delivery. As shown in chapters 3 to 6, by implementing outcome measure-

ment and prediction techniques, healthcare organizations can track and measure outcomes, 

costs, and efficiency across different levels of care. This information allows for benchmark-

ing, identification of underperforming segments, and the development of best practices. 

By learning from exemplary departments and utilizing prediction models, providers can 

optimize resource allocation and improve outcomes, thereby enhancing the overall value 

of care. Furthermore, chapter 7 illustrates that it is beneficial for stakeholders to foster 

alignment with other providers by capitalizing on shared goals while actively addressing 

diverse perspectives on the operationalization of these objectives. Organizations such as 

the Netherlands Institute for Health Services Research (Nivel) and the National Health 

Care Institute (ZINL) can play a role in by further incentivizing such improvement and col-

laboration. They might for instance leverage existing data to monitor and evaluate outcomes 

and resource utilization, provide feedback and incentives to healthcare providers. Moreover, 

healthcare organizations should collaborate with each other and government agencies to 



205

Conclusions and discussion

8

develop best practices and guidelines based on existing data to help optimize outcomes and 

resource allocation.

8.	 Integrate value into patient communication: This domain emphasizes effective communica-

tion of healthcare value to patients, empowering them in their decision-making. General 

directions for policy to achieve this goal include supporting patient-centred communication 

strategies, providing decision aids, and promoting transparency initiatives to facilitate shared 

decision-making. Prognostic factor research and the use of machine learning models for 

prediction, as demonstrated in Chapters 5 and 6, can enable individualized predictions and 

subsequent prevention of diseases. By accurately identifying patients at risk, healthcare 

providers can intervene earlier, potentially reducing the need for costly treatments and 

improving patient outcomes. This more personalized approach can lead to better value 

by focusing resources on those who might benefit the most. To incentivize this, govern-

ment organizations such as the ZINL might for example further promote policies that 

support individualized and preventive care, especially in a primary care setting. They can 

moreover encourage researchers to develop risk stratification and prediction models and 

personalized care plans. By enabling more accurate and individualized predictions of patient 

risks, healthcare providers can communicate these insights with patients. This allows for 

treatment strategies that are better tailored to each patient’s unique needs, fostering more 

patient-centredness in treatment plans.

9.	 Foster a value-driven culture by empowering healthcare professionals: Within this domain, 

the focus lies on cultivating a culture that prioritizes delivering value to patients. Healthcare 

professionals should be empowered through education, research, and incentives for value-

driven care. General policies that may help achieve this goal involve promoting profes-

sional education and incentivizing the adoption of value-focused practices. As illustrated in 

chapters 2 to 6, by understanding the impact of prognostic factors, level-specific variation in 

quality of care, and the utility of accurate prediction models, policymakers can make better 

informed evidence-based decisions to incentivize and reward value-driven care. Govern-

ment organizations such as the NZa and the National Health Care Institute (ZINL) can 

further promote information-driven shared decision-making by developing policies that give 

patients access to relevant, reliable, and accessible data and information (see also below). 

Examples of domestic platforms and registries that are already operational include ‘care 

insights’ (Zorginzicht) from ZINL and the previously mentioned DICA registries in which 

include information and data on quality and process indicators, quality data from healthcare 

institutions, and tools for creating quality instruments44,16. These initiatives help establish 

guidelines for communicating information about value-driven care to patients and facilitate 

the development of decision-support tools. Government agencies should also further 

pursue collaboration with healthcare professionals and patient organizations to ensure that 

policies and payment models align with the principles of shared decision-making and value-

driven care. Moreover, as illustrated in chapter 7, it is important to ensure engagement of all 
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people involved in care delivery, as collective involvement is crucial for successful transition 

towards value-driven care.

10.	 Develop learning platforms using patient outcome data: This domain highlights the sig-

nificance of using patient outcome data to identify best practices and support continuous 

improvement. General policies for such development focus on data governance, privacy 

protection, and funding for effective learning platforms that drive evidence-based enhance-

ments in healthcare practices. The integration of outcome measurement, prediction tech-

niques, and information technology platforms allows for continuous monitoring, evaluation, 

and improvement of care delivery. By leveraging data and technology, healthcare systems 

can identify patterns, trends, and opportunities for improvement. This iterative process 

of learning and refining care practices can lead to ongoing improvement in the value of 

care. Government organizations, in collaboration with research institutions and healthcare 

organizations, can establish policies and funding programs to support continuous improve-

ment and learning. They can encourage the use of existing data for research and quality 

improvement purposes. Government organizations such as the Ministry of Health, Welfare 

and Sport (VWS) and the Netherlands Organization for Health Research and Development 

(ZonMw) can allocate resources to research projects that utilize existing data to gener-

ate insights and promote improvements in healthcare. This includes prioritizing reliable 

comparisons before using them to identify best practices and sharing information with 

patients. Prioritizing reliable comparisons is crucial due to the complex nature of healthcare 

systems and the diversity of patient populations and treatments. It ensures that decisions to 

adopt best practices are grounded in accurate and meaningful data, preventing misleading 

information.

The above implications, offering opportunities to address variations in care quality, improve 

predictive capabilities, monitor outcomes, and foster collaboration among stakeholders to drive 

value-driven care delivery, should contribute to better value of care by promoting consistency, 

efficiency, personalized interventions, informed decision-making, and continuous improvement 

in policy and practice. By aligning with the domains of the strategic agenda, professionals (e.g., 

policy makers, physicians, care purchasers, researchers) within healthcare systems can create 

a framework that enables and rewards the delivery of high-value care, ultimately enhancing 

patient outcomes and optimizing the use of resources. Table 1 provides an overview of the 

domains of the value agenda with the general directions for policy and practice as well as 

implications which followed from results of this thesis.

Proposed additions to strategic agenda

During the research conducted for this thesis, it became apparent that certain critical topics 

essential for delivering value-driven care were not included in the composite value agenda. 

These topics are highly relevant to policy and practice and should be considered for inclusion to 
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ensure a more comprehensive approach to value-driven care, especially with regard to societal 

value45.

First, prevention should be included as a domain in the value-driven agenda. Prevention may 

have been inadvertently neglected as a priority, possibly because the agenda placed a primary 

emphasis on optimizing treatment and resource utilization. However, by integrating prevention 

in the value agenda, caregivers are incentivized to prioritize and explore proactive measures 

to reduce the burden of disease and improve population health outcomes46. Prevention, the 

importance of which is underlined by the recent ‘National Prevention Agreement’’ (National 

preventieakkoord) and GALA (gezond en actief leven akkoord), focuses on proactively identify-

ing and mitigating risk factors to prevent the onset of diseases and promote overall health 

and well-being47,48. It involves implementing evidence-based strategies and interventions to 

reduce the occurrence and impact of preventable illnesses and injuries. This includes various 

aspects, such as immunization, screening, lifestyle modification, early detection and intervention, 

health education, and community-based interventions. By prioritizing prevention, healthcare 

systems can minimize the burden of disease, improve population health outcomes, and allocate 

resources effectively. Investing in preventive strategies, such as vaccinations, screenings, and 

lifestyle interventions, can lead to significant cost savings by preventing the onset of chronic 

conditions and reducing the need for expensive treatments. Additionally, by emphasizing preven-

tion in the value-driven agenda, healthcare systems can shift the focus from reactive, episodic 

care to proactive, preventive care, promoting better health outcomes and enhancing the value 

of care provided.

Second, adding value-based pricing of provisions (e.g., medications, surgical instruments, labora-

tory supplies, personal protective equipment) as a domain is worth considering. With rising 

healthcare costs, it is crucial to address the affordability and value of pharmaceutical products49. 

This domain emphasizes the need to develop value-based pricing models for medications and 

medical provisions, considering factors such as clinical effectiveness, patient outcomes, and 

cost-effectiveness. By aligning pharmaceutical pricing with the value derived from treatment, 

this domain aims to optimize the use of resources and ensure patient access to affordable, 

high-value medications and provisions.

A final important topic that future research should acknowledge as an independent domain 

within the value-driven agenda is sustainability50. Within this context, the term ‘environment’ 

extends beyond ecological factors to encompass the broader scope of ESG (environment, 

social, and governance)51. This encompasses aspects such as long-term treatment effects and 

the establishment of lasting relationships with payers and suppliers, thus creating avenues for 

collaborative improvement. Most pressingly, healthcare systems contribute to a significant envi-

ronmental footprint through various activities, including energy consumption, waste generation, 
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and the use of vast amounts of (harmful) non-recyclable materials52. By including sustainability in 

the value-driven agenda, researchers and policymakers can focus on reducing the environmental 

burden of healthcare while maintaining high-quality care. This involves promoting environmen-

tally friendly practices, adopting energy-efficient technologies, implementing waste reduction, 

and recycling initiatives, and considering the life cycle impact of healthcare interventions and 

products. By integrating sustainability as a domain, providers and policymakers can contribute 

to the global efforts of environmental conservation, promote social responsibility, and establish 

a healthcare system that is resilient and able to meet the needs of future generations.

Domain Description
General directions for 
policy

Thesis-derived 
implications

Responsible 
Party

Organize care 
into integrated 
practice units 
(IPUs)

Providers function as 
one unit, organizing care 
around specific medical 
conditions.

Incentivize the formation 
of IPUs and facilitate 
collaboration among 
providers within the units.

All stakeholders 
should have long-
term commitment 
and must be willing 
to compromise.

Providers, 
insurers

Measure 
outcomes and 
cost for every 
patient

Outcomes are measured 
and categorized into 
three tiers: degree of 
health/recovery, time to 
recovery & long-term 
consequences of therapy.

Establish standardized 
outcome measures and cost 
assessment methodologies 
to promote transparency and 
accountability.

Variations 
measurement 
should be level-
specific, with 
consideration of 
specific indicators 
and treatments.

Researchers, 
providers

Reimburse 
care through 
Bundled prices

Single payment that 
covers the full care cycle 
for a diagnosis, including 
interdisciplinary care.

Develop bundled 
payment models and align 
reimbursement systems to 
encourage value-based care 
delivery and coordination.

Stakeholders 
should start by 
making an outline 
agreement to limit 
complexity and 
enhance control.

Providers, 
Insurers

Integrate care 
delivery across 
system facilities

Define a scope of 
services where 
providers achieve 
optimal value and 
allocate resources 
accordingly.

Facilitate integrated care 
delivery by fostering 
collaborations among 
healthcare facilities and 
incentivizing high-value 
services.

Ensure shared 
(financial) data 
definitions and 
accumulation 
among providers 
to enhance validity 
and comparisons.

Providers

Expand area of 
excellence

Providers that attain 
high value should 
expand the reach of 
their knowledge through 
affiliation programs.

Encourage knowledge 
sharing and collaboration 
among healthcare providers 
to extend the impact of 
high-value practices and 
interventions.

Enable vigorous 
and transparent 
research on 
outcomes, costs, 
and collaboration.

Providers, 
Universities

Build an 
enabling 
information 
technology 
platform

Use common data 
definitions and integrate 
various types of data to 
extract patient outcome, 
process, and cost 
information.

Promote interoperability, data 
sharing, and development of 
robust health information 
exchange systems for value-
driven care.

Use existing data 
where possible 
and limit excess 
registration.

VWS, ZiNL, 
Nivel
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Suggestions for future research

Several ideas for future research provided in chapters 2-7 are worth summarizing. First, future 

research should explore other potential prognostic factors that could impact clinical outcomes 

and costs, such as socioeconomic status, race/ethnicity, or specific comorbidities. Additionally, 

it should investigate the usefulness of routinely collected data for prognostic factor research in 

other medical fields beyond surgical procedures. Second, future research should investigate the 

implementation of ML models for CVD prediction in primary care settings and their potential 

impact on patient outcomes and healthcare costs. Additionally, research should explore the 

use of ML models for predicting other types of cardiovascular disease or for other medical 

conditions in primary care. Third, future research should investigate the validity and reliability 

of using TO as a composite measure for hospital outcomes in other medical specialties beyond 

gastrointestinal patients. Additionally, research should explore the use of other composite mea-

Domain Description
General directions for 
policy

Thesis-derived 
implications

Responsible 
Party

Establish a 
systematic 
approach 
for quality 
improvement

Implement a structured 
and systematic approach 
to continuously enhance 
care quality.

Encourage implementation 
of quality improvement 
frameworks, guidelines, and 
accreditation systems for 
value-based care.

Foster alignment 
among 
stakeholders 
by capitalizing 
on shared goals 
while actively 
addressing diverse 
perspectives 
on the 
operationalization 
of these objectives.

Nza, Insurers

Integrate value 
into patient 
communication

Effectively communicate 
the value of healthcare 
services to empower 
patient decision-making.

Support patient-centred 
communication strategies, 
decision aids, and 
transparency initiatives for 
shared decision-making.

Leverage 
predictive insights 
to empower 
patients in making 
well-informed 
choices.

Providers, 
Patient 
associations

Foster a value-
driven culture 
by empowering 
healthcare 
professionals

Cultivate a culture that 
prioritizes delivering 
value to patients. 
Empower professionals 
to maximize value.

Foster professional education, 
research on value-based care, 
and incentives for adopting 
value-driven practices.

Ensure 
engagement of all 
people involved 
in care delivery, 
as collective 
involvement 
is crucial for 
successful 
transition towards 
value-driven care.

Universities, 
ZonMW, 
Nivel and 
providers

Develop 
learning 
platforms 
using patient 
outcome data

Utilize patient outcome 
data to identify best 
practices and support 
improvement efforts.

Focus on data governance, 
privacy protection, and 
funding for robust learning 
platforms to drive evidence-
based improvements.

Prioritize reliable 
comparisons prior 
to identifying best 
practices.

VWS, ZiNL, 
Universities, 
Providers

Table 2- Strategic domains of the value agenda and implications for policymakers and main responsible parties or institutions.
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sures for evaluating hospital outcomes and clinical pathways. Finally, suggestions for future re-

search should include investigating the factors that contribute to unexplained variation, such as 

genetic factors or patient preferences. Moreover, research should explore the potential impact 

of interventions aimed at reducing unwarranted variations in quality of care, such as assessing 

the effects of physician and hospital performance feedback or targeted quality improvement 

initiatives following multi-level analysis.

Furthermore, Patient-Reported Outcome Measures (PROMs) and Patient-Reported Experience 

Measures (PREMs) have become valuable tools in healthcare for relaying patients’ perspectives 

on their health outcomes and experiences. Nevertheless, it is important to acknowledge that 

these also come with certain limitations that can complicate their practical application, both in 

general and within the scope of this thesis. In this thesis, we encountered several key limitations, 

including issues of missing data, and an low or selective response rates which complicates 

adequate evaluation of procedures53,54. These limitations pose a significant challenge in utilizing 

these measures for research purposes, as it resulted in incomplete datasets rendering analyses 

uninformative. To achieve higher response rates for PROMs, healthcare providers should actively 

communicate the significance of completing these assessments to patients and engage in discus-

sions about the results with them55. This approach might lead to a more favourable response 

rate. However, despite these limitations, it is important to recognize the potential value of 

PROMs/PREMs in capturing patient perspectives and offering insights into patient-centred care, 

if data quality is sufficiently high. Therefore, in addition to improving accessibility for patients, 

clinicians should also explore other strategies to enhance data quality in PROMs and PREMs56. 

One approach is to refine the design and administration of these measures to make them 

more user-friendly and convenient for patients, potentially increasing response rates. This could 

involve simplifying the language used, minimizing the burden of completion, and utilizing digital 

platforms or mobile applications for data collection.
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SUMMARY

This thesis examines how the different domains of the strategic value agenda, specifically related 

to the topics of measurement and prediction of outcomes and costs, efficiency of data utiliza-

tion, and introduction of value-based payment, can contribute to better care. The aim was to 

reduce three knowledge gaps related to these topics. First, we explore how to measure and 

interpret variations in healthcare outcomes and costs. This information is essential for informed 

decision-making regarding interventions to improve care. Second, the significance of prognostic 

factors and prediction models in relation to yielding clinically relevant insights was explored. 

Prognostic factors can aid in identifying at-risk patients and estimating disease prognosis, offer-

ing insights for clinical decisions and resource allocation. In turn, prediction models can make 

outcome predictions, guiding treatment decisions and optimizing care pathways, ultimately 

improving clinical decision-making and treatment responses. Third, the obstacles and enablers 

for implementing value-driven care at various levels were explored, focusing on the intricate 

dynamics of value-based payment programs and the role of financial incentives, organizational 

culture, and resistance to change. Furthermore, strategies to overcome the observed challenges 

in implementing value-driven care were discussed.

Chapters 2-4 discuss the extent to which variation in indicators of hospital care quality can 

be attributed to hospitals, highlighting that while hospital-level variation is limited compared 

to other sources, meaningful differences in quality among hospitals can be identified, especially 

in process indicators. These findings suggest a need to rethink approaches that aim for quality 

improvement interventions, indicating that targeting hospitals may always not be an effective 

strategy. Instead, interventions should involve multilevel, indicator-specific analyses with ap-

propriate case-mix adjustment. Furthermore, the potential of repurposing administrative data 

to assess short-term outcomes in a composite score is highlighted, offering insights into patient 

care while highlighting possible targets for improvement. Leveraging existing data is particularly 

advantageous as it reduces redundancy in data collection processes and enhances resource 

efficiency.

Chapter 5 demonstrates that Machine Learning (ML) is a promising method in predicting 

myocardial infarction and ischemic heart disease in primary care cardiovascular patients. This 

highlights the potential of ML in CVD prediction (within primary care), although the interpret-

ability of predictors remains a challenge. Nevertheless, transitioning toward ML-supported 

individualized predictions and secondary prevention in primary care CVD patients could be 

advantageous for patients.

In chapter 6 various patient-level variables were assessed for their associations with outcomes 

and costs in several medical conditions which required surgery using routinely collected hospital 
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data. Prior hospitalization had the strongest association with negative outcomes, whereas other 

factors generally had varying impact on outcomes across treatments. Identified prognostic fac-

tors may be used to construct treatment-specific prognostic models and monitoring patients 

after surgery, benefitting both researchers and clinicians in understanding drivers of prognosis 

and the associated costs. Most importantly, predictive insights could be leveraged from these 

routinely collected data to empower patients in making well-informed choices.

Finally, chapter 7 discusses context-mechanism relations affecting the introduction of a value-

based payment program in integrated stroke care. The findings revealed facilitating factors, 

including pre-existing trust-based relations, shared dissatisfaction with the current (payment) 

system, regulatory compatibility, gradual introduction of provider risk, and involvement of a 

trusted third party for data management. However, barriers such as conflicts between short- 

and long-term goals, reluctance to give up professional and organizational autonomy, resource 

disruptions, and limited access to real-time data for care improvement remain to be addressed. 

Creating the right contextual circumstances, including a willingness to share financial and clinical 

responsibility across the care chain, is essential for achieving successful introduction of value-

based payment in health care.

Various implications can be drawn from this thesis. First, to ensure progress in measuring varia-

tions in healthcare quality, these must be measured level-specific, considering specific indica-

tors and treatments. This includes making reliable comparisons that should precede the 

identification of best practices, ensuring that quality improvement efforts are based on robust, 

data-driven insights for meaningful change in healthcare quality. Second, leveraging prognostic 

factors and predictive insights is advantageous in empowering patients and clinicians to 

make informed healthcare decisions. This can be efficiently done by the utilization of routinely 

collected data. Finally, this thesis underscores the need for long-term commitment and 

compromise among all healthcare stakeholders as they work towards improving quality and 

reducing costs. This includes collective involvement of all healthcare personnel and a focus 

on aligning stakeholder goals.
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SAMENVATTING

Dit proefschrift onderzoekt hoe verschillende aspecten van de strategische waarde-agenda 

kunnen bijdragen aan een verbetering van de gezondheidszorg. Hierbij ligt de nadruk op de 

aspecten ‘meten en voorspellen van uitkomsten en kosten’, ‘efficiëntie van gegevensgebruik’ 

en ‘invoering van waardegedreven bekostiging’. Het doel is om het gebrek aan kennis op deze 

gebieden te verminderen en inzichten te bieden die de kwaliteit van de zorg kunnen verbe-

teren tegen zo laag mogelijke kosten. Dit werd gedaan door drie kennislacunes (gedeeltelijk) 

te overbruggen. Ten eerste is onderzocht hoe variatie in zorguitkomsten en - kosten kunnen 

worden gemeten en begrepen. Dit is van cruciaal belang voor het nemen van weloverwogen 

beslissingen over interventies om de zorg te verbeteren. Ten tweede is onderzocht in hoeverre 

prognostische factoren en voorspelmodellen kunnen bijdragen aan klinisch relevante inzichten, 

zoals het identificeren van hoog-risico patiënten en het inschatten van ziekteprognoses. Ten 

derde is er onderzoek gedaan naar de obstakels en bevorderende factoren voor de invoering 

van waardegedreven zorg, met een focus op de complexe dynamiek van waardegedreven be-

kostiging.

Ten eerste behandelen hoofdstukken 2-4 de vraag in hoeverre variatie in de kwaliteit van 

ziekenhuiszorg daadwerkelijk kan worden toegeschreven aan ziekenhuizen. Hieruit blijkt dat 

variatie op ziekenhuisniveau beperkt is in vergelijking met andere bronnen, maar dat er zeker 

verschillen in kwaliteit tussen ziekenhuizen bestaan, voornamelijk bij procesindicatoren die 

goed beïnvloedbaar zijn. Deze bevindingen suggereren dat het raadzaam is om interventies die 

gericht zijn kwaliteitsverbetering te heroverwegen, omdat het richten van die interventies op 

ziekenhuizen mogelijk geen effectieve strategie is. Om de kans om effectief te zijn te vergroten, 

moeten interventies die variatie willen reduceren gebaseerd zijn op multilevel, indicator-

specifieke analyses met passende case-mix correctie. Ten slotte laten deze hoofdstukken zien 

dat administratieve data behalve voor bovenstaande analyses, ook kunnen worden aangewend 

om verschillen in ziekenhuisuitkomsten samen te vatten in een gecombineerde score. Dit draagt 

bij aan een beter begrip van het verloop van patiëntenzorg en identificeert mogelijke gebieden 

waar verbeteringen mogelijk zijn.

Ten tweede toont hoofdstuk 5 aan dat voorspelmodellen die gebruik maken van Machine 

Learning (ML) goed presteren als het gaat om het voorspellen van acuut myocardinfarct en 

ischemische hartziekte bij patiënten met (een verhoogd risico op) cardiovasculaire aandoenin-

gen in de eerstelijnszorg. Hoewel het bij deze ML-modellen lastig om specifieke risicofactoren 

te interpreteren, zou de overgang naar ML-ondersteunde geïndividualiseerde voorspellingen 

in de toekomst kunnen bijdragen aan secundaire preventie bij cardiovasculaire patiënten in de 

eerstelijnszorg.
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In hoofdstuk 6 worden op basis van routinematig verzamelde ziekenhuisgegevens verschil-

lende patiëntkenmerken beoordeeld op hun associaties met zorguitkomsten en -kosten na 

verschillende chirurgische ingrepen. Het hebben gehad van een ziekenhuisopname in het 

verleden had de sterkste associatie met negatieve uitkomsten, terwijl andere factoren vaak een 

verschillende invloed hadden op uitkomsten bij verschillende behandelingen. Geïdentificeerde 

prognostische factoren kunnen worden gebruikt om behandelingspecifieke prognostische 

modellen te construeren en patiënten na de operatie te monitoren, wat zowel onderzoekers 

als clinici kan helpen bij het doorgronden van de factoren die de prognose en bijbehorende 

kosten beïnvloeden.

Tot slot behandelt hoofdstuk 7 context-mechanisme relaties die invloed hebben (gehad) op de 

introductie van waardegedreven bekostiging in de beroertezorg. Op basis van interviews met 

betrokkenen zijn verschillende faciliterende factoren geïdentificeerd, waaronder op vertrou-

wen gebaseerde relaties, gedeelde ontevredenheid met de status-quo, regelgeving, geleidelijke 

invoering van financieel risico voor aanbieders en betrokkenheid van een vertrouwde derde 

partij voor gegevensbeheer. Er waren echter ook obstakels die nog aandacht verdienen, zoals 

discrepanties tussen korte- en langetermijndoelstellingen, terughoudendheid om professionele 

en organisatorische autonomie op te geven, onregelmatige beschikbaarheid van middelen en 

beperkte toegang tot real-time gegevens voor verbetering van de zorg. Het creëren van de 

juiste contextuele omstandigheden, inclusief de bereidheid om compromissen te sluiten, bleek 

essentieel voor het bereiken van een succesvolle introductie van waardegedreven bekostiging.

Dit proefschrift heeft enkele belangrijke conclusies opgeleverd. Ten eerste is het voor het goed 

kunnen meten en effectief kunnen verbeteren van de kwaliteit van zorg belangrijk om rekening 

te houden met variatie tussen specifieke indicatoren en behandelingen op verschil-

lende niveaus. Hierbij is het cruciaal om betrouwbare vergelijkingen te maken voordat 

we kunnen spreken van ‘best practice’. Op die manier kunnen inspanningen om de kwaliteit van 

de zorg te verbeteren gebaseerd zijn op data die een betrouwbaar beeld schetsen van de wer-

kelijkheid en zo de kans te vergroten dat deze tot positieve veranderingen leiden. Ten tweede 

kan gebruik van voorspelmodellen en prognostische factoren patiënten en artsen helpen 

om weloverwogen beslissingen te nemen over behandelingen. Dit kan efficiënt gebeuren 

door gebruik te maken van al beschikbare data. Tot slot benadrukt dit proefschrift dat voor een 

houdbaar zorgstelsel alle betrokkenen in de gezondheidszorg zich voor de lange termijn 

moeten inzetten en bereid moeten zijn compromissen te sluiten. Het is belangrijk om alle 

partijen te betrekken en gezamenlijke doelen te definiëren om zo vooruitgang te boeken in 

het verbeteren van de kwaliteit en het beheersen van de kosten in de gezondheidszorg.
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