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Impact section 

This section describes the scientific and social impact of the conclusions of this PhD-
thesis. Moreover, target groups and the way that these target groups can be involved 
and insights of this thesis can be used are discussed.  

Main aim and conclusions of this thesis 

Understanding the complexity of chronic diseases, such as chronic obstructive 
pulmonary disease (COPD), and the adaptation of the health care system to implement 
new management strategies addressing the patients’ needs, form still major 
challenges. In this PhD thesis, pulmonary rehabilitation is described as an integrated, 
comprehensive approach for patients with COPD and considered as an example of 
personalized, individualized care to patients with high needs and high disease burden. 
The patient tailored program, as described in this PhD thesis, forms the fundaments for 
standardization of pulmonary rehabilitation between the Dutch Lung Centers: each 
program starts with an integrated assessment in order to identify existing needs and to 
individualize treatment and ends with a systematic outcome evaluation. At Ciro, a 
specialized center for integrated rehabilitation, these data of the initial assessment and 
outcome were gathered structurally and anonymously to possibly identify drivers of 
disease burden and to support personalized health care decision-making. Clustering 
and visualization techniques, by self-organizing maps, were used to create an ordered 
representation of selected attributes: patients have been ordered by their overall 
similarity concerning their clinically relevant attributes. In five chapters of this thesis, 
the focus was on identification of traits-based clusters in order to reduce variation of 
interventions, maximize outcomes and as a consequence improve cost-effectiveness of 
pulmonary rehabilitation and to find and optimize clinical pathways in a pulmonary 
rehabilitation setting. The main conclusion was that neither clustering based on 
comprehensive lung function measurements nor clustering based on respiratory, 
functional and emotional traits and health status has led to recognizable clinical 
pathways. 

The first clustering, that was based on comprehensive lung function measurements, 
clearly demonstrated that a simple classification of COPD based on spirometry alone 
underestimates the heterogeneity in respiratory impairment. Although comprehensive 
lung function has to be part of an initial assessment to understand the 
pathophysiological respiratory impairments, clustering of measurable lung variables 
poorly predict functional performance and health status in these patients. When lung 
function attributes were extended with functional traits, emotional traits and health 
status, seven patient profiles could be discerned, but again, this clustering did not 
capture the individual burden of the patients referred for pulmonary rehabilitation and 
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does not contribute to identification of actionable subgroups of COPD patients referred 
for pulmonary rehabilitation.  

In this PhD thesis a multidimensional outcome measure existing of eight outcome 
measures was used to evaluate response to pulmonary rehabilitation. We 
demonstrated that improvements were found not only for functional performance, but 
also for anxiety and depression as well performance and satisfaction with this 
performance of problematic activities in daily life. Based on this multidimensional 
outcome measure four groups with distinct multidimensional response profiles could 
be found: very good, good, moderate and poor responders. Using the eight outcome 
measures in order to evaluate response to pulmonary rehabilitation for the seven lung 
function clusters, it was concluded that baseline lung function cannot be used to 
identify good responders to pulmonary rehabilitation, and therefore, cannot be used as 
the only criterion for referral to pulmonary rehabilitation in patients with COPD. 
Predictability of assessment is not improved by including more attributes. However, by 
applying a multidimensional outcome index, this study demonstrates that a high pre-
rehabilitation disease burden, manifested by low exercise performance, worse scores 
on activities in daily living, anxiety, depression and quality of life despite better 
pulmonary traits does not exclude good response after intervention. The study also 
confirms that the number of very good and good responders is remarkably higher after 
an inpatient pulmonary rehabilitation program in comparison with outpatient 
programs. The findings in this thesis emphasize not only the need of integrating 
psychosocial factors and behavior change in the care of people with chronic respiratory 
diseases, but also the challenge to identify the right patient for the right treatment 
with the right outcome at the right time. 

Relevance 

Chronic respiratory diseases with a high prevalence, economical and societal burden of 
COPD, are among the most common non-communicable diseases. A small proportion 
of these patients with COPD experiences multidimensional complex problems as was 
demonstrated in this PhD thesis. These high-need patients, facing the fragmented 
health care system and frequently using the emergency department for their health 
care needs, are also identified as high-cost patients. Integrated or coordinated care, a 
worldwide trend in health care reforms and new organizational arrangements, may be 
seen as a response to the fragmented delivery of health services. Importantly, a clear 
distinction should be made between care for patients with high-multidimensional-
needs and usual care. Moreover, needs in these patients as well as in our cohort 
extend largely beyond care for physical or medical ailments to behavior and social 
aspects. This PhD thesis provides valuable insights in order to optimize health care 
services for patients with high-needs. 
 
First, the results in this PhD thesis underscore the limitation of current 
recommendations to assess and grade COPD on spirometry, dyspnea, and/or health 
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status and exacerbations and/or hospitalizations in the last 12 months. Indeed, such a 
limited assessment largely underestimate the number and heterogeneity of traits 
involved in the functional and emotional disability as experienced by these frail chronic 
patients. Attention should be drawn to this group of patients with comorbidities, 
limitations of activities in daily living, emotional and behavioral problems as they have 
to deal with a lack of coordination within the health care system. In order to recognize 
timely the group of patients with high-needs and treating them appropriately, and 
ideally reduce the cost of care, additional work will be needed to develop an taxonomy 
which fits with the heterogeneity of COPD. Our study hopes to especially creates 
awareness for the frail COPD patients. 
 
Second, our data on outcomes clearly shows the relevance of a multidimensional 
outcome evaluation in pulmonary rehabilitation. Moreover, pulmonary rehabilitation 
delivered as an integrated and comprehensive intervention demonstrated very good 
response to treatment in these patients with multidimensional needs as was 
demonstrated in the previous chapters. In order to improve outcomes that really 
matter to patients with complex chronic diseases, chronic care models must be 
responsive to the identified needs. Current outcome measures as functional 
performance testing or health status measurement does not capture the 
comprehensive impact of a pulmonary rehabilitation program. 
 
Third, considering the patient profiles and characteristics studied in this PhD thesis, 
personalized medicine as the concept of better understanding the complexity of COPD 
based on stratifying patients, might aspire more control over the optimization of 
medical treatment results, more precision, increasing predictability of disease, and thus 
control over the outcomes: a patient-centered care model that builds on the person’s 
agency and empowerment remains important. A personalized management program 
has to put the patient in the center and clearly clarify the role of the patient. Patients 
should be able to discuss what’s important in life, to specify their desirable way of 
living, their sense of life and their meaning of quality of life which should be 
fundamental for defining successful, individualized treatment goals meeting patients’ 
expectations.   

Target groups and using new insights 

Patients with high-needs 

The patient him- or herself who is not able to self-manage his/her chronic condition, 
who daily experience his or her unmet needs, will benefit from an integrated and 
comprehensive treatment program that is tailored to his or her individual needs. Based 
on such a program, this PhD thesis illustrated clinically relevant outcomes even in 
patients with the highest burden of the disease at baseline.  
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Since patients with high-needs have more than one chronic condition, different patient 
advocacy organizations should work together in order to build awareness for this 
specific group. 

Health care professionals  

Since the growing reliance on evidence based medicine concepts in daily practice, 
health care professionals and organizations have been confronted with the difficulty to 
follow the current principles of value-based health care particularly for those patients 
referred for their high needs. Needs in all these patients as well as in our cohort extend 
largely beyond care for physical or medical ailments to behavioral and social aspects. 
Moreover, as already described above, health care professionals have to deal with the 
increased uncertainty of the outcome. In clinical practice, a patient-centered approach 
is needed fostering interactions in which clinicians and patients engage in two-way 
sharing of information; explore patients’ values and preferences; help patients and 
their families make clinical decisions; and enable patients to follow through with often 
difficult behavioral changes needed to maintain or improve health.  

Health care organizations 

This premise of different levels and dimensions of a clinical problem implies not only 
the collaboration of different medical disciplines but also a holistic approach of patients 
beyond the fragmented vision of each specialty. Traditional leadership and 
management approaches are no longer sufficient to deal with the organizational and 
contextual complexity associated with delivering care for these high-needs patients. 
Indeed, health care organizations should transform to transdisciplinary organizations 
bringing together actors from varied backgrounds, promoting interdependence among 
them, and form dynamic collectives with common goals. Major emphasis should be 
made on inclusion of patients into decision-making to personalize care plans instead of 
delivering a standard treatment for every individual meeting certain criteria. 
Leadership in such organizations presumes enhancing interactive and adaptive 
dynamics and monitoring the organization to better understand the different forces 
influencing the emerging adaptive dynamics.  

Health care authorities and health insurers  

As one of the most expensive and challenging populations for the current health care 
system will remain underserved when care models deal only with physical ailments. 
Care models to be effective must also address the social and behavioral factors in play 
for a given patient. Improving care for the high-need patients finally aiming to reduce 
cost of delivering care, policy action should focus on addressing the existing constraints 
and complexities preventing the integration of medical, behavioral, and social services. 
Major emphasis should be made on inclusion of patients into decision-making to 
personalize care plans instead of delivering a standard treatment for every individual 
meeting certain criteria.  
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Research groups 

Although clustering in this thesis shed new light on the impairments in the different 
health domains in patients with COPD, personalized medicine based on identifiable 
phenotypes remains a challenge in the real life health care setting. An effort should be 
made on exploring the potential of data collected in daily clinical practice as a source of 
up-to-date minimally biased population-specific knowledge and on implementing this 
information into clinical practice in a more agile manner than only relying on 
randomized controlled trials. Furthermore, research in these patients cannot be 
restricted to one discipline, but has to be apply a transdisciplinary and holistic 
approach.  

Activities 

Pulmonary rehabilitation offers a model for a holistic approach of patients with COPD 
in particular and chronic illness conditions in general.  

Besides the publication of different chapters, the results of this PhD thesis are helpful 
in ongoing discussions with health care authorities and health insurers. Additionally, 
given the limitations of the current clustering, it offers opportunities and insights to 
optimize the current organization of pulmonary rehabilitation by reconsidering 
measurements of the initial assessment, and by optimizing the transdisciplinary and 
learning organization and leadership.  

 
 




