¥ Universiteit
%47 Leiden
The Netherlands

Navigating the future with chronic kidney disease: towards

patient-centred prognostic modelling
Milders, ].

Citation

Milders, J. (2025, November 20). Navigating the future with chronic kidney
disease: towards patient-centred prognostic modelling. Retrieved from
https://hdl.handle.net/1887/4283312

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/4283312

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4283312




SUMMARY AND GENERAL DISCUSSION



Summary and general discussion

This thesis set out to improve patient-centred prognostic information provision in
nephrological patient care. Using a combination of quantitative and qualitative research
methods, we explored CKD patients’ perspectives regarding their future, the prognostic
topics they prioritise, and which prognostic questions they have. Furthermore, in a scoping
review, we mapped out the current field of prognostic modelling in nephrology, identifying
key knowledge gaps and ways to potentially bridge the gap between prognostic research
and the implementation of prognostic models in clinical practice. Finally, we evaluated the
role of patient-reported outcomes (PROs) as predictors of mortality in dialysis patients,
demonstrating their potential in improving nephrological prognostic models. In this final
chapter, we summarize the main findings of the research included in this thesis. Additionally,
we discuss the clinical implications of our work, and provide directions for future research on
prognostic information provision and patient-centred prognostic modelling in nephrology.

Summary of main findings

In Chapter 2, we conducted a survey study among 163 CKD patients to explore whether they
want to know more about their future, and if so, which prognostic topics are of interest to
them. We found that most patients with CKD think about their future on a regular basis, and
they showed interest in receiving more prognostic information from their healthcare
providers. However, despite this wish for more prognostic information, a large portion of
patients did not yet discuss the future with their nephrologist, revealing a gap in current
prognostic communication. Notably, patients without kidney replacement therapy (KRT)
reported thinking about and discussing their future more frequently than those receiving
dialysis treatment or those who received a kidney transplant. Women also reported thinking
about their future more than their male counterparts. However, despite thinking about the
future more frequently, women discussed it with their healthcare providers less often. We
did not find any notable differences based on age. The vast majority of patients reported
wanting to know more about their prognosis, regardless of whether it was positive or
negative information. Prognostic outcomes that were prioritized by patients included
laboratory values, symptoms, and physical well-being. However, different priorities were
observed between patients from different CKD stages (CKD, dialysis and kidney
transplantation). For instance, dialysis patients prioritized mental well-being instead of
physical well-being.

Following our findings from Chapter 2, Chapter 3 presents a qualitative analysis of the open-
ended survey responses. We aimed to explore two key research questions: 1) How do
patients with CKD view their future? and 2) What are the prognostic questions of patients
regarding their future with CKD?. We found that patients with CKD experience a broad
variety of emotions when thinking about their future, ranging from negative emotions such
as uncertainty, fear, sadness and anger, to more positive emotional responses like calmness,
hope and trust.
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Moreover, some patients experienced a mix of both positive and negative emotions, while
others described experiencing a form of emotional neutrality. For these patients, thoughts
about the future with CKD did not evoke any particularly negative or positive emotions.
Beyond the diverse emotional responses, patients described a wide array of prognostic
questions that they had, concerning topics like treatment of CKD, kidney disease
progression, self-management, symptoms, life expectancy and life participation. Although
the majority of patients desired more personalized prognostic information on these topics,
some patients expressed no need for additional information about their future. These
patients either felt sufficiently informed about their prognosis by their healthcare providers
or had sought out relevant information themselves. Others preferred to focus on the
present.

Chapter 4 presented a scoping review providing a comprehensive overview of all studies
developing, validating, or updating a prognostic model for patients with CKD, including those
receiving kidney replacement therapy. We made inventory of the outcomes that were
predicted, the methodological quality of existing models, and any validation or updating
efforts. In total, 602 studies were included, of which 181 (30.1%) concerned a CKD
population, 190 (31.6%) a dialysis population and 231 (38.4%) a kidney transplantation
population. In 415 studies a novel prognostic model was developed, in 205 an existing model
was externally validated and in 62 a model was updated. We found that the most frequently
predicted outcomes were mortality (n=192), kidney disease progression (n=75), and kidney
graft survival (n=54). For a variety of clinically important outcomes, including disease
progression, cardiovascular events, mortality and graft survival, several robust and well-
validated models existed. However, prognostic models for PROs, such as health-related
quality of life or social participation, were scarce or even non-existing. Methodological
concerns were also present in most studies. Often, sample sizes were small, reporting
guidelines were not adhered to and no or inappropriate performance measures were
presented. Specifically, discrimination of the prognostic model was usually presented
(80.4%) but measures of calibration were shown in less than half of the studies (43.4%). In
addition, the majority of prognostic models were not presented in a useable format (e.g. a
full regression formula or risk score), making validation or implementation impossible. There
was a lack of validation and updating efforts: of the 415 development studies that were
included, 28.0% did not perform any validation of the model (internal or external), and
57.6% performed only internal validation. Only 111 models (26.7%) were externally
validated, either within the development study itself, or in an independent external
validation study. A notable finding was that patients from Africa, South America and
Australia were severely underrepresented in prognostic studies, questioning the applicability
of models in these patient populations.
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While PROs have demonstrated predictive potential in other medical fields, their use in
prognostic modelling within nephrology remains limited. Therefore, in Chapter 5, we
examined the added predictive value of PROs in the prediction of two-year mortality among
incident dialysis patients. Using data from the NECOSAD and EQUAL cohorts, as well as a
subset of NECOSAD including only patients aged 65 years and older, we first developed a
base prognostic model consisting of traditional clinical predictors (i.e. demographics,
comorbidities and laboratory measurements). We then extended this base model using the
following PROs: the mental component score, physical component score, general health
perception, depressive symptoms, number of symptoms, symptom burden, fatigue and pain.
Our findings demonstrate that the inclusion of PROs in prognostic models for mortality
significantly improve their predictive accuracy. The base model already performed well and
yielded optimism-corrected area-under-the-curves (AUCs of 0.806, 0.781 and 0.699. After
addition of the PROS, the AUCs improved to 0.826, 0.878 and 0.746. Additionally, measures
of calibration, Brier scores, likelihood ratio tests, reclassification tables, net reclassification
indices (NRI), the integrated discrimination improvements (IDI) and decision curve analyses
consistently confirmed the added predictive value of PROs throughout all cohorts. When
comparing different predictor groups (e.g. demographics, laboratory measurements or
PROs), PROs consistently outperformed the demographic predictors age and sex, and the
laboratory measurements (haemoglobin, systolic blood pressure, serum albumin and
residual glomerular filtration rate [rGFR]). Notably, the group of PROs alone demonstrated a
moderate ability to predict mortality. When assessing the performance of each individual
PRO, the summarizing variables (mental and physical component score, general health
perception, depressive symptoms, symptom burden and symptom number) outperformed
the individual symptoms pain and fatigue. Across all cohorts, the mental and physical
component score, and symptom burden had the most consistent strong predictive
performance.

Altogether, the studies in this thesis underline a clear discrepancy between the prognostic
information that patients seek and what is currently provided. Patients express an explicit
desire for more information about the future, but are often left with unmet informational
needs. They prioritize a wide range of prognostic topics, including symptoms, quality of life,
and mental and physical well-being. Yet, these topics are often overlooked in favour of
traditional clinical endpoints like disease progression and mortality. Furthermore, while
prognostic models have the potential to support individualized prognostic information
provision, most existing models fail to capture the outcomes that matter most to patient. In
addition, their implementation in clinical practice is hindered by several barriers, including
methodological concerns, insufficient validation and updating, and lack of impact
assessment.
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General discussion

The findings of this thesis provide valuable insights into the current state of prognostic
communication and the use of prognostic models in nephrology. While the specific
limitations, considerations and implications of each study are discussed in detail in the
corresponding chapters (Chapter 2-5), this section takes a broader perspective. Here, we
discuss the overall implications of our research on clinical practice, and highlight key
directions for future research. Additionally, we propose potential strategies to improve
prognostic information provision and the integration of patient-centred prognostic models in
nephrological patient care.

IMPROVING PROGNOSTIC INFORMATION PROVISION FOR KIDNEY PATIENTS

The findings of our survey reveal that there is a significant discrepancy between patients’
wishes for prognostic information and the information that is currently provided by
healthcare providers. While discussions about the future do take place, they seem to be
lacking in detail and personalization, leaving many patients with informational needs that
are unmet. Ultimately, our findings underline the need for a more personalized and patient-
centred approach to prognostic information provision in nephrology. Importantly, prognostic
information provision cannot be one-size-fits-all, and discussions about the future need to
be tailored to the individual patient, taking into account their unique needs and preferences.
To bridge this gap between patients’ wishes and the current level of prognostic
communication, healthcare providers should actively explore each individual’s preferences
regarding prognostic discussions, as these preferences differ not only based on factors like
gender, age and disease stage but also on more personal characteristics, such as someone’s
coping style, outlook on life and attitude towards uncertainty and risks. For example, kidney
transplant recipients may prioritize information on outcomes related to their kidney graft
(e.g. graft survival), whereas dialysis patients may focus on topics like energy levels and
health-related quality of life. Additionally, women report thinking about their future with
CKD more frequently than men but discuss it with their healthcare providers less often,
suggesting possible gender-based differences in informational needs. Furthermore, while
some patients would like to know as much as possible about their future with CKD, others
prefer to live in the present moment. Therefore, to ensure that prognostic information
empowers rather than overwhelms them, it is essential to determine how much that
individual actually wants to know. Acknowledging all these nuances, and tailoring prognostic
communication strategies accordingly, allows for more relevant and individualized
conversations about prognosis. However, understanding and recognizing the individuality of
prognostic questions that patients have is only the first step. Clinicians have several
strategies at hand to further improve and individualize prognostic information provision.
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Proactively engaging in open discussions about patient preferences

Potentially the most effective way to explore patient preferences is by routinely asking them
what they want to know, how much they want to know, when they want to know it, and
how they prefer to receive prognostic information. Expressing these preferences, however,
may not always be easy for patients, as they may be unsure about what they actually want
to know. Through holding open, and ongoing discussions about patients’ prognostic
questions and preferences, healthcare providers can better understand what that individual
needs from them, and how to adapt their communications strategies accordingly.

Training on effective risk communication

Clear and effective communication of expected prognosis is challenging, especially when the
information is uncertain or involves distressing information for patients. While some
research has been performed on how to convey risk estimates, specific guidance on how to
do this in clinical practice is lacking. (1) Therefore, training programs for healthcare providers
should be created that focus on how to communicate prognostic information, including
advice on how to discuss uncertainty, address emotional responses, and convey information
in an understandable manner.

The use of tools to convey prognostic information

Several tools can support healthcare providers in conveying complex prognostic information
in a clear and accessible manner. For instance, decision aids, mobile apps, and patient
dashboards containing disease-specific information, can be valuable additions to their
clinical expertise. (2) These tools allow patients to explore information on, for example,
expected disease progression and treatment outcomes, estimated survival, and other
relevant outcomes at their own pace. Furthermore, these tools can contain clear visual
representations of prognostic information. Importantly, these tools differ from prognostic
models in that they serve as communication aids rather than generating individualized risk
predictions. However, such tools also exist to communicate risks calculated by a prognostic
model. For example, the website of the Kidney Failure Risk Equation (KFRE) is an interactive
platform that helps patients and healthcare providers interpret risk estimates generated by
the KFRE in a more accessible way. (3)

The use of prognostic models to provide individualized prognoses

Prognostic models are powerful tools to give patients and healthcare providers more
individualized information on the future. However, despite this potential, models are
currently underutilized in nephrology. Previous research has shown that patients are
interested in discussing predicted risks of outcomes like mortality, disease progression and
cardiovascular events, as these predictions could act as motivators for self-management, aid
them in planning for their future, provide them with relevant disease-specific information
earlier on, and possibly comfort them. (4, 5) Well-validated and impactful models should be
integrated into routine consultations and patient information systems to enhance
conversations about the future.
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IMPLEMENTATION OPPORTUNITIES FOR PROGNOSTIC MODELS IN NEPHROLOGY
Prognostic models have great potential to improve prognostic information provision for
kidney patients. The prognostic information obtained through models can support patients
in navigating the uncertainties surrounding a future with CKD, as it helps them and their
healthcare providers better understand the expected disease trajectory. Furthermore,
prognostic models can complement clinical expertise by providing more individualized and
accurate risk predictions based on a broad range of patient characteristics. Additionally,
prognostic models play an important role in healthcare planning by guiding referrals to
nephrologists, planning vascular access for kidney replacement therapy, and supporting
kidney allocation decisions. Although a plethora of models exist and are continuously being
developed, their clinical uptake remains limited. In this thesis, we uncovered key strategies
and opportunities to improve the clinical uptake of prognostic models in nephrology.

Focus on methodology and reporting of prognostic studies

The methodological and reporting quality of current prognostic studies is often subpar, and
relevant guidelines like the Individual Prognosis Or Diagnosis guideline (TRIPOD), are often
not used. (6, 7) For instance, in our scoping review, only about 14% of the studies published
after the release of the TRIPOD statement in 2015, referenced the guideline. To increase
chances of implementation of a model, it is important that researchers focus on rigorous
methodology and reporting. To do so, adherence to the TRIPOD is recommended as it
provides authors with a structured framework for transparent and comprehensive reporting
of their development and validation studies. Furthermore, adequate sample size calculations
should be performed to prevent overfitting of the model, all relevant performance measures
(e.g. measures of discrimination and calibration) should be reported, a usable format of the
model should be presented (e.g. a complete formula or risk score), and measures to take
into account algorithmic bias should be considered. (8-10) Rather than developing models
for the sake of publishing, researchers should prioritize the clinical applicability by ensuring
robustness of their models.

Prioritizing external validation and updating over model development

Instead of the continuous development of novel prognostic models, future research should
focus on validating and updating promising existing models. External validation is an
essential step in taking a prognostic model from its development to being used in patient
care, as it determines a model’s ability to predict the outcome in a new and different set of
patients beyond the development cohort. (11, 12) To ensure that the model is reliable,
useful and accurate in the population that it is intended to be used in, targeted validation is
crucial. (12, 13) In addition, updating existing models—rather than continuously developing
new ones—helps combat research waste and maximizes the use of prior knowledge while
improving performance in the target population. Currently, only a small fraction of models is
ever externally validated, and if validated, the validation studies are often poorly conducted
and reported. (14) Recently, comprehensive comparative external validation studies have
emerged, in which the performance of multiple prognostic models predicting the same
outcome is compared. (15-17) Beyond assessing the generalizability of these models through
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external validation, these studies help healthcare to directly determine which model
performs best for a given outcome. These studies also allow us to see whether a novel
model performs better than an already implemented model, making it possible to determine
whether implementation of this new model is worth considering and investing in.

Assess clinical impact of prognostic models

After successful development, validation and, if necessary, updating of a prognostic model,
assessment of its clinical implementation and impact should be a priority. Implementation
studies are essential to better understand the barriers and facilitators to model uptake in
clinical practice. In addition, a well-performing model does not always directly translate into
a clinically useful model, and impact studies are needed to assess how a model influences for
example patient outcomes and satisfaction, clinical decision-making, and the allocation of
healthcare resources. (12, 18) Ideally, impact of a prognostic model is assessed in
randomized controlled trial. However, observational alternatives to these so-called impact
trials exist. (18) Currently, implementation and impact studies for nephrological models are
scarce, limiting their potential uptake.

Address barriers to the use of models experienced by healthcare providers

An important barrier to the implementation of prognostic models stems from the healthcare
providers who are intended to use them. Previous research has shown that nearly half of the
nephrologists do not use prognostic models. (5) They reasoned that models were not
reliable enough, were hard to find, complicated to use, and take up too much time.
Furthermore, they were worried that predictions from prognostic models could give patients
false expectations. (5) To address these concerns, efforts should be made to better integrate
prognostic models into clinical workflows. This could be achieved by endorsing the use of
models in clinical guidelines to increase trust among clinicians or by embedding models into
electronic health record systems to enhance accessibility. Additionally, providing training on
the use of models and ensuring that models are user-friendly could further enhance
clinicians’ confidence in using them.

Exploring the potential of counterfactual prediction

An emerging yet still largely unchartered concept is counterfactual prediction, which
combines elements of causal inference and predictive modelling. Counterfactual prediction
uses data to estimate how an outcome would change under different hypothetical
conditions. (19) In a clinical setting, counterfactual prediction holds great potential as it
would allow prediction of potential outcomes under different treatment strategies, such as
dialysis versus conservative management. (20) This approach could support more
personalized and informed shared decision-making for patients and healthcare providers.
However, despite its potential and clinical relevance, counterfactual prediction poses
methodological complexities. An important issue is that we cannot observe the outcome for
an individual under all possible hypothetical scenarios. In addition, confounding and
ensuring reliable estimates are key concerns, limiting the current implementation of
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counterfactual prediction. As this field continues to develop, addressing these challenges will
be important to integrate counterfactual prediction as a valuable tool in nephrological
patient care.

Moving towards patient-centred prognostic modelling

Over the past years, a large shift towards more patient-centred care has taken place in
nephrology. (21) Instead of focusing solely on clinical traditional outcomes, PROs are rapidly
gaining recognition, and patients play a more important role in their own disease
management and treatment trajectory. However, this shift is currently not yet reflected in
prognostic research and model development. (22) Traditionally, prognostic research in
nephrology prioritizes clinical outcomes like mortality, kidney disease progression and graft
survival, and models predicting PROs—such as quality of life and symptom burden—are rare
or even non-existent. Moving forward, it is crucial to incorporate PROs as key outcomes in
prognostic research, ensuring that models reflect the needs and preferences of kidney
patients in terms of prognostic information. By embracing a patient-centred approach to
prognostic modelling, prognostic models can become more meaningful, usable and better
aligned with what actually matters to those the models and the information they provide are
meant for: the patients themselves.

Using patient-reported outcomes (PROs) to enhance prognostic models

In addition to broadening the scope of predicted outcomes, prognostic models should also
include PROs as predictors more often. (22) Studies from other medical fields (e.g.
oncology), and the findings of our study presented in Chapter 5 of this thesis suggest that
PROs hold predictive power and could enhance the accuracy of prognostic models
significantly. (23, 24) Evidently, patients have an intuitive understanding of their current
health status, and self-reported measures like symptom burden or mental health scores can
accurately predict outcomes, even without clinical measures. A simple question about how
the patient is doing may offer quick, yet meaningful, insights into the prognosis of that
individual. Moreover, PROs may be easier to collect than certain predictors that are often
used, such as laboratory measurements. This simplicity potentially enhances the usability of
prognostic models, which is currently an important barrier to their implementation.

Several important aspects of patients’ prognostic informational needs and how to meet
these remain unexplored, and further research is needed. First, it would be valuable to
conduct research on the preferred timeframes for prognostic information. For example,
short-term prognostic information may be more actionable and more relevant for clinical
decision-making, whereas long-term prognostic information can help patients gain a better
understanding of their future disease trajectory. Second, more qualitative research—such as
interviews and focus group studies—should be conducted to delve further into the
prognostic preferences and needs of patients with CKD. These types of studies allow for a
more in-depth exploration of topics concerning patients’ feelings, values, reasoning and
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stories. Third, in future research, the potential of digital tools like patient dashboards and
decision aids should be evaluated. Such tools could improve accessibility and personalization
of prognostic information for kidney patients. Fourth, the relationships between patients’
emotional responses and coping strategies, and their prognostic information needs should
be further investigated. Exploring how emotional responses influence what patients want to
know, and when they want to know it, could provide healthcare providers with guidance on
how to tailor prognostic communication to the individual in front of them. Finally, future
research should address the barriers that healthcare providers experience in implementing
prognostic models. Better understanding their concerns about model usability, reliability and
risk communication could help identify solutions.

For future prognostic modelling research, we recommend that researchers focus on several
important aspects. For example, more studies should be conducted in populations that are
currently underrepresented in prognostic research, such as patients receiving conservative
management, and patients from continents like Africa and South America. These patient
groups are usually not included in prognostic studies, limiting the applicability of prognostic
models to these patients. Additionally, as mentioned before, researchers should ensure
rigorous methodology and reporting, and external validation and impact studies should be
prioritized over the continuous development of novel models. Furthermore, counterfactual
prediction presents great potential to support informed shared decision-making, and future
studies should explore the possibilities of this concept in nephrology while addressing the
accompanying methodological challenges. Another important area for future research is the
communication of risks derived from prognostic models, as patients may struggle to
interpret these predictions and their uncertainties. Discovering ways to present these
predicted risks in an understandable and meaningful way is essential for patient-centred
care. Finally, the patient perspective should be considered in prognostic research, both
when choosing the outcomes to predict and the predictors included in the model.
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Conclusions

In this thesis, we set out to improve patient-centred prognostic information provision in
nephrology by exploring CKD patients’ perspectives about the future, their prognostic
informational needs and the potential role of prognostic models. The findings of our
research reveal that, although many patients seek more individualized insights into their
future with CKD, discussions about prognosis are currently insufficient, leaving patients with
unanswered prognostic questions. Our work highlights the importance of a more
individualized approach to prognostic communication, taking into account the unique needs
and preferences of each individual. Prognostic models hold great potential to improve and
personalize prognostic information provision, however, despite a major upsurge in
prognostic research in nephrology, the uptake of these models in patient care remains
limited. In this thesis, we map out the current state of prognostic research, and outline key
barriers and opportunities for their implementation. A key recommendation emerging from
our work is to ensure that prognostic models reflect what truly matters to patients by
incorporating PROs as outcomes. Additionally, given their demonstrated added predictive
value, PROs should also be considered more frequently as predictors in prognostic models to
improve model accuracy. Ultimately, by bridging the gap between the prognostic
information patients seek and what is currently provided, and by refining prognostic models
to better align with patient priorities, we take an important step toward more patient-
centred nephrological patient care. In doing so, we can better support patients in navigating
their future with CKD and the uncertainties that come with it.
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