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General introduction
Our population is aging and the (multi-)morbidity prevalence is estimated to increase.1
The growing number of people with multiple (chronic) disorders at the same time requires
a different, more integrated, organization of care. The primary aim of integrated care or
chronic disease management is to increase coordination while at the same time improving
health outcomes at acceptable costs to the healthcare system.3 Nonetheless, the degree of
coordination may vary between different hospitals and networks of healthcare providers
which can lead to variation in utilization of healthcare across the Netherlands. Variation in
medical practice and use of care is not negative per se; it is the unwarranted part that can
signal low-value care. Thus, identifying and reducing unwarranted variation is fundamental
as it has shown to increase value for patients and ensures that people are given the right
care in the right place at the right time.5
In this thesis the focus is on patients with a chronic or prolonged illness such as cancer,
elderly patients with multiple chronic conditions, and patients with Parkinson’s disease.
The trajectories of these illnesses give more planning options with regard to the care that
is provided (disease management). This can lead to differences in treatments options and
decisions, and therefore variations in medical practice. Also, when investigating variations in
utilization in chronic conditions, as opposed to acute conditions, there is much more room
for shared decision making and for weighing the different treatment options which gives
room for improvement.
In order to introduce the research questions and hypotheses, this chapter first gives an
overview of the topics of appropriate care, medical practice variation and coordination of
care.
Appropriate and inappropriate healthcare utilization
With rising healthcare costs, it becomes important to ensure that scarce resources reach
the people that need them most and that people who do not need them subsequently do
not receive them. In other words, receive the right type of care, in the right amounts, and
in the right place and time. When this is not the case, we may say that the care provided
is inappropriate. The World Health Organization defines good quality of care as health care
services that are provided to individuals and patient populations that improve desired
health outcomes, and services that are coordinated around their needs and respects their
preferences. In order to achieve this, healthcare must be safe, effective, timely, efficient,
equitable and people-centered.6 Inappropriate care, also known as underuse, overuse or
misuse of healthcare services, is a barrier to health quality leading to poorer healthcare
outcomes and is a waste of scarce resources.7
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Berwick and Hackbarth estimated that between $107 billion and $389 billion was wasted
on low-value care in the USA in 2011.8 Apart from wasting limited resources, these so-called
low-value care practices may cause physical, psychological and financial harm to patients
and experts estimate that approximately 10–30% of all healthcare practices have little or no
benefit to the patient.9 For example, an unnecessary CT-scan exposes the body to harmful
radiation10 and overuse of antibiotics contributes to antibiotic resistance at a population
level.11 Additionally, at the end of life, care often focuses on multiple goals simultaneously;
palliation, life-prolongation and even cure. Unfortunately, these aims are not always
compatible; care aimed at cure or life-prolongation generally reduces the quality of life in
the short term. This raises debate what is considered appropriate care in the last phase of
life (Box 1).
Textbox 1
Inappropriate care at the end of life
Health care for chronically ill patients, specifically at the end-of-life does not always reflect what
the patient wants. Especially when a cure is unlikely, patients and families often have strong
preferences about where and how they are cared for in their last months of life. This varies from
aggressive treatments up to death to care more focused on the quality rather than the quantity
of life.
However, when overly intensive care is provided or a patient has limited access to palliative care,
we can assume the care given is not appropriate. Studies show that physicians sometimes provide
more extensive treatments to seriously ill patients than patients would choose for themselves. This
can lead to a number of patients unwillingly spending their last days in an ICU or on mechanical
ventilation.2 A study in Dutch deceased patients investigating awareness of the place of death
showed that forty-six percent of patients had GPs who were not aware of their preferred place of
death.4
Awareness of preferences is a must in order to provide tailored care. Patients, therefore, need
honest conversations with their providers. This entails information about the possible benefits and
disadvantages of different treatment options and the prospects of disease remission or progression.

To conclude, identifying inappropriate care is an important way to improve the quality of
health care. There are multiple dimensions of identifying appropriate and inappropriate
care. One of them, for instance, is focusing on the interventions themselves. Another
dimension is focusing on the actual usage of medical care and the variation patterns in
medical care. This thesis focuses on the latter.

10

Variations in healthcare utilization
Patients should be able to rely on their physician’s judgment and expect that the treatments
they are given are effective and adherent to medical guidelines. However, the fact that
similar patients with the same condition seem to receive different types of treatment,
challenges that belief.
This information is not new. For over 80 years, research regarding variation in medical practice
has shown significant geographic variation in the rates at which different subpopulations
undergo common surgical procedures. The first (classic) example is the study performed by
Glover in 1938. He found that the rate of tonsillectomies in children with the same diagnosis
differed over several regions in Great Britain.12 From thereon, numerous studies have
shown that even after case-mix adjustments such as disease prevalence, demographics,
and socioeconomic status (SES), variations in medical practice are still observed between
countries and within countries, for many different procedures.13-20
Information on variation in medical practice is important for examining the relations between
policy and clinical decisions and raises important questions concerning the efficiency and
effectiveness of healthcare.21 It should be kept in mind that variation in medical practice
is not always problematic; some variations may exist for good reasons. For example,
variation occurring because of differences in patient needs might be considered warranted.
Unwarranted variation signals low value for patients and can be costly for society.22 Thus,
identifying and reducing this unwarranted variation in healthcare is fundamental as it has
shown to increase value for patients and ensures that people are given the right care, in the
right place, at the right time.5
The three phases in medical practice variation research
In order to tackle unwarranted variation, we propose an improvement cycle in which
three phases of medical practice variation research are addressed: signaling, explaining
and improving (Figure 1). In each phase, a question is asked and answered. Each phase is
discussed below.
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Figure 1. Improvement cycle for medical practice variation research

Signaling – can we map the variation?
In this phase, the amount of variation is described and visualized. The volume of provided
or utilized care is compared between countries, regions, hospitals or other units of care.
Methodological aspects we deem to be of importance when signaling the variation in
medical practice are the level of analysis, the reference population and correcting for casemix. It is dependent on the question of interest and the data available which choice is best.
Below, the different implications for each choice are given.
Level of analysis
Practice variation analyses can be carried out at different levels, for instance on a regional or
institutional level. For the analyses at a regional level, regions are delineated. These may be,
for example, postal code areas or healthcare-network areas. This provides insight into the
degree of variation between the areas. Therefore, this analysis answers the question: ‘Is the
treatment I receive dependent on where I live?’ The analyses on an institutional level show
the variation between hospitals, regardless of where people live. In this case, the question
is, therefore: ‘is the treatment I receive dependent on the hospital I visit?’
Reference population
Since the number of residents and patients varies from area to area, as do the number
of patients per hospital or another unit of interest, it is necessary that the analyses are
standardized to a reference population. For instance, a result can be the number of
12

treatments performed in a 1,000 (or any other relevant number) deceased patients in
regions or hospitals. Standardizing to the number of deceased patients is specifically of
interest when analyzing variations at the end-of-life. Another option is to standardize to
the number of treatments per 1,000 patients (either living or deceased) in a certain area
or hospital. This is relevant when the question if a person is treated or not after diagnosis,
is of importance. Lastly, the results can be standardized to the number of patients with a
specific treatment per 1,000 residents in the demarcated areas. Standardizing to residents
is specifically of interest with regards to needs assessment.
Case-mix
One of the initial reactions on the signaled variation of people could be: ‘But of course
it varies. Patients are older or sicker in this region as opposed to region x’. It is therefore
important to adjust for case-mix factors. Apart from age and illness severity, other frequently
mentioned case-mix factors include gender, SES, other disorders (comorbidities), body mass
index, and referral patterns. Adjusting for case-mix ultimately leads to insights into the
variation of healthcare provision and utilization when people were to be equal in each unit
of comparison.
Explaining – can we understand the pattern?
It must be determined whether undesirable variation is present before improvements can
be made. In order to understand and explain unwarranted variation in medical practice,
Wennberg and his colleagues at the Dartmouth Atlas Project have divided medical services
into three types of care.23 The first is effective care. Effective care is of proven value and the
benefits of the services outweigh the risks.24 Therefore, all patients with specific medical
conditions should receive these treatments, which are backed by strong scientific evidence
of efficacy. Variation in effective treatments is thus generally a matter of underuse, and
vice versa, variation in ineffective care is a matter of overuse and both can have dire
consequences for patients. The second type of care is preference-sensitive care. These are,
usually elective, interventions for conditions where multiple legitimate treatment options
exist.24 There is no option that is clearly superior to another and the outcomes will differ
according to the option used which in turn can lead to variations. The third type of care is
supply-sensitive care. Supply-sensitive care refers to services where the supply of a specific
resource has a major influence on utilization rates.24 Simply put, more patients are likely to
be admitted to a hospital in a region where the number of beds per capita is high.25,26
These three components of this typology gives insight into possible explanations for
variation patterns. However, this is not the only theory or framework that can explain
patterns in variation. A suggested theory is the one of professional uncertainty. Medical
practice variation is often related to physicians’ preferences.27 When surgeons recommend
a treatment, they could do so on the basis of subjective opinions, personal experiences,
13
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or untested clinical theories that might or might not prove true were they scientifically
investigated. Also, the difference among physicians in the evaluation of patients with regards
to their diagnosis, procedure and therapy needs (needs assessment), can lead to variation.
This is also referred to as professional uncertainty.28,29 Professional uncertainty can lead
to differences in practice styles where local signatures are developed among physicians.
Their knowledge and preference, or enthusiasm, regarding certain procedures, is argued to
play a large role in this,30 but also constraints and opportunities in their work environment
influence the supply of services.31 Because these factors likely differ among doctors, one
can expect heterogeneity in treatment decisions between doctors given the same case(s).
Another implication of this is that physicians who share a work environment can come to
similar behavior.
Research has also shown that the degree to which care is organized and coordinated seems
to matter.32,33 Examples are the distance to the nearest healthcare facility, agreements with
regards to specified patient care or more substitution of secondary care with primary care.
In the US, there is less underuse or overuse in regions where different healthcare providers
across the chain of healthcare practice ‘team medicine’.22,34 A fragmented healthcare system
does not guarantee timely and appropriate referrals and follow-ups among healthcare
providers. Miscommunication and mistakes become more likely leading to overuse or
underuse of medical services. This is mostly seen in services used in caring for chronic
illnesses, such as diagnostic testing.34
Involving stakeholders and experts is crucial in order to understand and explain the patterns
of variation. These stakeholders can provide relevant input on possible explanations and
contribute to the interpretation of the differences found. From thereon, relevant followup questions for research can be formulated, with which medical practice variation can
be better understood and improved. It is also possible that the input from these experts
and stakeholders lead us back to the signaling phase. Discussion and debate between
stakeholders, researchers and experts are thus indispensable for a better understanding of
differences in healthcare utilization.

This thesis
This thesis focuses on the first two phases of the improvement cycle, signaling and explaining.
Each one of the phases is addressed in more detail in the following paragraphs and chapters.
In the upcoming chapters in this thesis, different choices have been made regarding the
methodological aspects (level of analyses and reference population for instance). The third
phase, improving, will not be investigated in the following research chapters. Reflections
on the implications for policy and improvement will be discussed in the general discussion
(Chapter 7).
14

What this thesis adds to the literature
Unlike in the United States, medical practice variation research in the Netherlands has
mainly focused on elective, hospital-based treatments, such as knee replacement surgery
and surgery for carpal tunnel syndrome. Not much research on medical practice variation
has been performed in more chronic conditions or prolonged illnesses such as cancer
(which is debatably becoming more and more chronic due to new life-sustaining treatment
options). Patients with cancer who are nearing the end of life interact with many different
health and social care providers, and it is vital that there is a comprehensive and transparent
process for coordinating this care. Also, continuity of care is most at risk for elderly patients
who have been discharged from hospital.35
We focus on multiple treatments, in and outside the hospital for patients with lung or
colorectal cancer and chronically ill elderly patients. Currently, we lack insight in the type
and intensity of care that most patients with lung or colorectal cancer at the end of life and
elderly patients after a clinical admission actually receive. Also, we do not know if the utilized
care varies between regions or hospitals or whether the care is optimally coordinated in
order to guarantee appropriate care and prevent adverse outcomes.
Apart from focusing on hospital care alone, it could be likely that substitution of hospital
care with primary care is more prominent in some regions than others. Two studies have
shown that adequate physician supply and better longitudinal continuity of care can
reduce avoidable hospitalizations in patients with diabetes.32,33 Therefore, investigating the
complete chain of care is important and will fill a gap in the literature. Second, previous
work shows that providers who share mutual patients are more likely to communicate and
work with one another as they are more likely to know one another through referrals and
advice seeking,36-38 thus knowingly being part of a patient’s provider-network. In turn, this
increases the chance to better coordination of care for their patients.39 As a result, more
patient sharing may lead to less acute care, such as hospitalizations, and more frequent
provision of community nursing or long-term care.36 However, this has not been investigated
before. To summarize, the two hypotheses (H1 and H2) we aim to test in this thesis are:
H1: We hypothesize that the amount of care in the hospital depends on the amount of care
delivered in the primary care sector. Specifically, we expect that more primary care in one
region is related to less hospital care in this same region and vice versa.
H2: We hypothesize that the care provided after hospital discharge for chronically ill older
adult patients depends on the degree of coordination of care provided by a patient’s care
providers. Specifically, we expect that a better coordination, based on patient-sharing, leads
to less acute use of care and better outcomes after hospitalization for chronically ill older
adult patients and patients with Parkinson’s. In addition, we expect that differences in care
15
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use and aftercare between hospitals can be explained by the degree of coordination of care
provided by chronically ill older adult patients’ care providers.
In Table 1, the in-depth research questions that we aim to answer with this thesis in order
to bridge these gaps and the corresponding chapters are presented.
Table 1. Research questions and corresponding chapters of this thesis
Phase

Theme

Primary research question

Signal

Health care
utilization

What is the healthcare utilization of lung and colorectal cancer
patients during the end-of-life?
What is the post-discharge healthcare utilization of chronically ill
elderly patients?

2

To what extent is there regional variation of hospital healthcare
utilization at the end-of-life for patients with lung cancer over
multiple years?
Is there between-hospital variation of post-discharge healthcare
utilization for chronically ill elderly discharged from the hospital? If
yes, to what extent?
Is regional variation in hospital care at the End-of-life of Dutch
patients with lung cancer correlated with primary and long-term
care?
Is the degree of coordination, based on patient sharing, of a
chronically ill elderly patient’s provider network of influence on the
post-discharge healthcare utilization?
Is the degree of coordination, based on patient sharing, of a
patient’s provider network of influence on healthcare utilization,
quality of care, and costs in patients with Parkinson’s disease?

4

Medical practice
variation

Explain

Substitution of
care
Coordination of
care

Chapter

3

5

4

5

6

General methodology
In all studies in this thesis, claims data were used in order to conduct the analyses. For the
different studies, three different databases were provided: data from the Dutch healthcare
Institute, Vektis, and insurance company Zilveren Kruis Achmea. These databases are
described in this paragraph and the availability of data in each dataset used for the analyses
is summarized in Table 2.
DRG-information system (DIS): this database contains all claimed hospital care of all Dutch
insured people on a DRG level (see Box 2). The Dutch Healthcare Authority ensures the safe
management of the data and supplies the data from the Healthcare Market Regulation Act
to public audiences.
The data source also contains data on a healthcare activity level, underlying the DRG’s. This
means that the actual care provided is also available. We used healthcare activities to analyze
the hospital care utilization and variation of Dutch patients with lung and colorectal cancer.
16
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The Dutch hospital DRG system
The DRG system is a system with which healthcare institutions can register the care provided so
that they can ultimately be claimed to the patient or health insurer. DIS serves two important
purposes: the further development of the DRG system and the generation of policy information for
the government in particular.
It contains data on a diagnosis-related group level, meaning that a predefined package of activities
is registered for different treatments. A DRG is a package of care based on the average costs and
activities that are done for the specific treatment. The cost for each DRG is decided upon by insurance
companies and hospitals. For instance, the DRG for administering chemotherapy during hospitalization
for patients with cancer of the respiratory tract not only comprises the activities for chemotherapy
administration and placing an IV but also comprises activities such as physical and nutritional therapy,
CT scan and many laboratory tests. Because these packages are equal for every hospital and are
based on an average, they never accurately show the actual care provided. The maximum duration of
a DRG is 120 days. If care is provided after this time period, a new DRG is registered.

Vektis: this database contains all claims data of the Netherlands. As opposed to DIS data,
Vektis data covers claims across the full chain of care. Unfortunately, a drawback of this
database is the availability of hospital data only at the level of DRGs and not on healthcare
activity level. We used Vektis data to analyze out-of-hospital care for patients with lung and
colorectal cancer and the network analyses for the Parkinson patients.
Zilveren Kruis Achmea: this insurance company possesses all claims data from their insurees.
Data is available for the full chain of care and on both the DRG as well as the healthcare
activity level. The only drawback of this data source is that it lacks nationwide coverage.
However, with a 30% market share, the insurance company is the largest in the Netherlands.
Furthermore, data on long-term care is only available for insurees living in one of the care
office regions specific for Achmea (see Figure 2). Additionally, claims for patients who are
not insured with Zilveren Kruis Achmea, but live in one of its care office regions are also
available in the database. Therefore, it is only possible to analyze the full chain of healthcare
for patients living in one of the care office regions.

17
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Table 2. Overview of available data for the three different databases used in this thesis
Hospital data
DRG

Healthcare
activities

DIS





Vektis



Achmea





Non- hospital data

National
coverage



Age, gender





Age, gender



SCP*

Case-mix
factors

Age, gender
SES

*This is not a database that was used for the analyses but SCP does have information regarding SES.
SCP calculates SES based on information regarding education, income, and position in the labor
market.40 The scores resemble the social status of a postal code region, relative to the other regions in
the Netherlands and it was used as a case-mix factor in analyses.

Figure 2. Care office regions Zilveren Kruis Achmea
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Outline
The results of this thesis will be presented in chapters 2-6. The previously mentioned
hypotheses will be tested. Each chapter is written as a stand-alone article. Chapter 2
describes the hospital care utilization of Dutch patients with lung and colorectal cancer in
the final months of their life and the association between the number of days patients spent
in the emergency room (ER) or intensive care unit (ICU) and their exposure to chemotherapy
or radiotherapy. Chapter 3 firstly describes the post-discharge healthcare utilization and
provision of aftercare in the six months after the hospital discharge of chronically ill older adult
patients. Additionally, we investigated what the most frequently occurring combinations of
aftercare were in the form of geriatric rehabilitation (GR), community nursing (CN), longterm care (LTC), and short stay (ST) during the first 90 days after discharge. We calculated
the proportion of chronically ill elderly that was readmitted or had died in the 90-180 days
after discharge for the six most frequent combinations. We performed all analyses in the
total group of chronically ill elderly patients and in a sub-group of chronically ill older adults
admitted to hospital with a hip fracture. Chapter 4 examines the regional medical practice
variation in hospital healthcare utilization, adjusted for age, gender, and SES, in the last
six months of life of Dutch patients with lung cancer for three separate, but consecutive,
years. It also tests whether regions with higher degrees of hospital utilization (number of
patients with hospital and ER admissions) show less primary and long-term care. Chapter 5
presents our second study in chronically ill elderly patients who have been discharged from
the hospital. This study quantified the degree of coordination between a patients specific
provider network, based on patient-sharing. We named this measure the care density of
a chronically ill elderly patient. We examined whether chronically ill elderly with denser
networks had less acute hospital care utilization and were provided aftercare more often.
We also analyzed the adjusted medical practice variation for the use of acute hospital care
utilization and the provided aftercare. Firstly, we adjusted for age, gender, and socioeconomic
status. Secondly, we adjusted for the care density scores. We did this to test whether the
care density score was of influence on the medical practice variation. In Chapter 6, the same
methodology as in Chapter 5 was used to quantify the degree of coordination. The patient
group at study was patients with Parkinson’s disease. We examined whether the care density
varied between care providers surrounding an individual patient and between hospitals.
Secondly, we investigated whether a higher care density leads to better outcomes regarding
healthcare utilization, costs and Parkinson related complications. Chapter 7 summarizes the
main findings and provides answers to our research questions and hypotheses. Also, the
main findings are discussed in light of other published research.
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Abstract
Understanding the overuse and underuse of healthcare services in the end-of-life (EOL)
phase for patients with lung cancer (LC) and colorectal cancer (CRC) is important, but
knowledge is limited. To help identify inappropriate care, we present the healthcare
utilization profiles for hospital care at the EOL of patients with LC (N=25,553) and CRC
(N=14,911) in the Netherlands between 2013 and 2015. An administrative database
containing all in-hospital healthcare activities was analyzed to investigate the association
between the number of days patients spent in the emergency room (ER) or intensive care
unit (ICU) and their exposure to chemotherapy or radiotherapy. Fewer patients received
hospital care as death neared, but their intensity of care increased. In the last month of
life, the average numbers of hospital bed days, ICU days, and ER contacts were 9.0, 5.5, and
1.2 for CRC patients, and 8.9, 6.2 and 1.2 for LC patients in 2015. On the other hand, the
occurrence of palliative consultations ranged from 1–4%. Patients receiving chemotherapy
six months before death spent fewer days in ICU than those who did not receive this
treatment (odds ratios: CRC=0.6 (95% confidence interval: 0.4–0.8) and LC=0.7 (0.5–0.9)),
while those receiving chemotherapy one month before death had more ER visits; odds
ratios: CRC=17.2 (11.8–25.0) and LC=15.8 (12.0–20.9). Our results showed that patients
who were still receiving hospital care when death was near had a high intensity of care
yet palliative consultations were low. Receiving chemotherapy or radiotherapy in the final
month of life was significantly associated with more ER and ICU contacts in patients with LC.
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Lung cancer (LC) and colorectal cancer (CRC) are two of the five most common types of
cancer in the Netherlands,1 with 12,600 and 15,000 new patients, respectively, diagnosed in
2015. With five-year survival rates of 18% (LC) and 58% (CRC), survival is low1. Furthermore,
patients with LC and CRC have the second and third highest hospital care costs of all cancer
patients.2
Due to screening programs, more cancer patients are identified at earlier disease stages.
Cancer is increasingly becoming a chronic disease as a result of new chemotherapies
and targeted therapies, meaning that the end-of-life (EOL) phase and the process of
dying are longer and more gradual. The early detection of the palliative phase, advance
care planning (ACP), and well-considered EOL care are therefore becoming increasingly
important; however, we know that medical care can be both overused and underused.3 It
can be overused in patients with cancer who receive aggressive treatments during the EOL
phase, which increases their burden while decreasing their quality of life.4,5 The underuse
of healthcare, for instance not having timely EOL discussions, is associated with higher costs
and a lower quality of death and dying.6
Analyzing the healthcare utilization (HCU) of a patient group forms the first crucial step
toward improving their healthcare, and is a tool for the identification of the overuse and
underuse of medical care. Here, we aim to present the HCU profiles (HCUP) of patients
with LC and CRC using activity-based hospital data. This will provide complementary and
contrasting information to the analysis of diagnosis-related-group (DRG)-based hospital
data, which was previously performed by Bekelman et al.7

Methods
Population
This population-based cohort study includes insured Dutch persons (99% of the Dutch
population)8 who died in 2013, 2014, or 2015 with a diagnosis of LC and/or CRC, for whom
hospital medical care had been registered. The patients were included as LC patients if they
had been diagnosed with non-small-cell lung carcinoma or small-cell lung cancer, neoplasm
bronchus lung, or small- and large-cell bronchus carcinoma. CRC patients were included if
they had been diagnosed with colorectal malignancy or malignant neoplasm of the colon.
Patients under 18 at the time of death or those who lacked a valid citizen service number
and post code were excluded from the analysis.
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Data
A national database of administrative hospital data at the healthcare activity level was used
in the analyses presented here. These activities are registered by all Dutch hospitals (eight
academic and 92 general hospitals) and by more than 300 independent treatment centers.
The data also contained information regarding the institution providing the care, as well
as the age and gender of the patients. For 2013 and 2014, the data covered 95% of the
delivered and billable care. For 2015, this was approximately 70% due to the administrative
delay in registries after care had been given.
Expert panel
Five medical experts were involved: two pulmonologists/oncologists and three experts
specializing in internal medicine and oncology. All were specialized in Palliat Med. First,
individual in-depth interviews were conducted with four experts using an interview guide
to gain insights into their current practice and the background and reasons for the HCU
patterns of Dutch patients with CRC or LC in the EOL phase. During the analysis phase, the
experts classified each healthcare activity into meaningful clusters (Table 2) and compared
the volume and intensity of EOL HCU to their experiences of daily practice. Also, the experts
indicated which types of care had been registered too frequently in their opinion and what
would be potential areas for improvement. Lastly, the experts argued that unplanned and
unwanted admissions such as ER contacts and days in ICU were important to investigate
further. They formulated an additional question regarding the association between
unwanted admissions and chemotherapy and radiotherapy. It was not possible to identify
avoidable or unwanted hospital bed days from the available data; therefore, this study was
focused on ICU days and ER contacts.
Clustering healthcare activities
More than 13,000 different healthcare activities were included in the database, many of
which can be grouped together. The experts were therefore asked to define the important
and relevant healthcare clusters for the EOL phases of CRC and LC patients separately, it was
not necessary to identify the same categories for the two illnesses. Subsequently, two teams
of experts appointed the 75% most frequently occurring healthcare activities within each
specialism to one of these categories. The process of defining the categories was iterative,
meaning that within and between the two teams, the categories were adjusted and refined
during the clustering process until a consensus was reached. One of the experts checked
and finalized the clustering. The healthcare activity codes for which no description was
available (<1%) and the additional costs for laboratory work, ICU admissions, house visits,
or travel expenses were excluded because HCU, not healthcare costs, were the focus of this
investigation. Also, post-mortem examinations were excluded from the clustering as these
were not part of the EOL HCU.9
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Analyses
The intensity of the HCU was examined by calculating the percentage of patients who
received care described within the clusters and determining how often these care activities
were performed on average per patient per month in the last six, three, and one month(s)
before death. The associations between radiotherapy or chemotherapy and ICU days or ER
contacts were also analyzed using a 2x2 frequency table, for which the corresponding odds
ratios (OR) and 95% confidence intervals (CI) were calculated.
The analyses were performed using SAS Enterprise Guide 9.2.

Results
Patient characteristics
The characteristics of the 25,533 CRC patients and 14,911 LC patients included in this study
are presented in Table 1. For both CRC and LC, more males than females passed away in the
years 2013–2015.

Table 1. Baseline characteristics of all deceased patients with lung or colorectal cancer, 2013–2015

Total

Gender (%)

Mean age at death

Lung cancer
(N=25,533)

Colorectal cancer
N=14,911)

Male

15,324 (60.0%)

8,494 (56.5%)

Female

10,209 (40%)

6,417 (43.5%)

Male

70.6

71.6

Female

67.1

72.1

Healthcare utilization profiles
The main clusters of healthcare activities for CRC and LC patients are presented in Table 2.
Table 3 shows the HCUP for these patients by cluster at six, three, and one month before
death. It displays the proportion of patients who received a certain type of care and the
average number of times they received it each month. For readability purposes we chose to
only depict data of 2015 in Table 3. The healthcare utilization of 2013 and 2014 can be found
in the appendix. In all three years, the three most frequently registered healthcare activities
for both CRC and LC patients during the EOL phase were ambulatory visits, laboratory
tests, and conventional radiology. Overall, the number of patients receiving hospital care
decreased as their death neared, although the intensity of care per month increased for
those still receiving it.
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In 2015, during their last six months of life, 55.2% of CRC patients and 57.2% of LC patients
were admitted to hospital (not including ICU and ER admissions). In the last month of life,
these proportions decreased to 18.9% and 21.4%, respectively, with an average stay of nine
hospital bed days. For patients who visited the ICU (2–3%) and the ER (13–16%) during their
last month of life, the numbers of ICU days and ER contacts during this period were 5.5 days
and 1.2 times, respectively, for CRC patients and 6.2 days and 1.2 times for LC patients. Less
than 2% of all patients had a palliative care team consultation in their last month of life
(Table 3). Up to 20% of the CRC patients and 23% of the LC patients had a (multidisciplinary)
consultation with their healthcare specialist in this timeframe.
During the last six months of life, up to 66% of the CRC patients and 79% of the LC patients
underwent conventional radiology. A total of 56–64% of CRC patients and 61–66% for LC
patients received a CT scan during this period, which dropped to 10–14% for CRC and 12–
16% for LC during the last month of the patient’s life. During their last six months of life,
a small number of patients received cancer-related surgery, representing 9% of the CRC
patients and 1% of the LC patients. No more than 1% of LC patients received biologics,
whereas 13–15% of CRC patients received these treatments throughout the whole EOL
phase. The opposite was true for radiotherapy, as up to 31% of the LC patients received this
treatment compared with just 13% of CR patients in the last six months of life. Overall, in the
last month of life we found that a very low percentage of patients underwent cancer-specific
treatments and procedures.

Table 2. Clusters of healthcare activities and descriptions.
Category
Inpatient days

Outpatient days
Specialty care
consultations
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Description
Hospital bed days
ICU-days

A first or subsequent clinical admission, classes A,
B, and C.
Low, medium, and high care in the ICU.

ER visit

Life support in the ER.

Ambulatory visit

A first or return visit.

Palliative care consultation

Specific healthcare activity describing a palliative
consultation

Multidisciplinary consultation

Co-treatments with other specialists, (clinical)
multidisciplinary consultation and activities.

Consultation

Consultations between patient and specialist, face
to face or by telephone.

Allied and therapeutic care, per
15 min

All allied care and consultations, including
physiotherapists, nutritionists, nurse practitioners,
psychologists, social workers, optometrists, and
geriatric rehabilitation.

End of life lung and colorectal cancer hospital care utilization

Diagnostic tests

Imaging

Procedures and
treatments

Description
Laboratory test

All lab tests regarding hematology and small
chemistry.

Non-invasive diagnostic test –
pathological

Microbiological, histological and pathological (lab)
tests.

Other non-invasive diagnostics

CGA, spirograph tests, interpreting radiology results,
preassessments, blood pressure measurement,
audiometric tests, and so on.

Invasive diagnostics

Includes colonoscopies and bronchoscopies, as well
as biopsies and diagnostic punctures.

Conventional radiology

Ultrasounds and X-rays, Doppler, duplex, EEG.

CT scan

CT scans.

MRI scan

MRI scans.

PET scan

PET scans.

Nuclear scan other than PET

SPECT and radioactive isotope tests.

Chemotherapy

Includes therapies as cisplatin, oxaliplatin,
gemcitabin, docetaxel, and irinotecan.

CRC/LC surgery

Surgeries registered under diagnosis codes specified
in Table 1a and 1b, including tumor resection,
tracheotomy, and therapeutic biopsies.

Non-CRC/LC surgery

Surgeries other than the aforementioned, for
instance heart transplants; hip replacements;
cataract and hernia surgeries; and resections,
reconstructions, and therapeutic biopsies.

Biologics

Includes therapies such as bevacizumab, rituximab,
and gefitinib.

Radiotherapy

Radiation and radiotherapy fractions.

Other (care and items)

Pre- and post-surgery/chemotherapy/radiotherapy
care, dental work, devices and implants (pacemaker,
Steffeeplate, shunt), prosthetics, dialysis, injections,
catheters, and so on.
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Procedures and
treatments

Imaging

Diagnostic tests

Specialty care
consultations

Outpatient days

82
64
47
31
57
56
11
5
3
27
6
18
14
10
66

3,383
2,652
1,954
1,260
2,342
2,307
457
186
116
1,127
249
729
578
396
2,735

55
6
43
91
3
36
52
45

2,275
249
1,784
3,755
128
1,498
2,128
1,700

Inpatient days

Hospital bed days
ICU days
ER visit
Ambulatory visit
Palliative care consultation
Multidisciplinary consultation
Consultation
Paramedic and therapeutic care, per
15 min
Laboratory test
Non-invasive diagnostic test –
pathological
Other non-invasive diagnostics
Invasive diagnostics
Conventional radiology
CT scan
MRI scan
PET scan
Nuclear scan other than PET
Chemotherapy
CRC surgery
Non-CRC surgery
Biologics
Radiotherapy
Other (care and items)

2015 (N=4,123)
6
N
%

Colorectal cancer
Months before death

0.3
0.3
0.4
0.3
0.2
0.2
0.2
0.8
0.3
1.3
0.5
1.3
1.5

10.9
1.2

1.8
1.0
0.2
0.5
0.3
0.4
0.4
3.1

I

1,091
628
1,448
1,213
191
60
47
548
108
305
276
207
1,799

2,315
1,714

1,542
175
1,121
2,549
104
939
1,304
1,097

3
N

27
15
35
29
5
2
1
13
3
7
7
5
44

56
42

37
4
27
62
3
23
32
29

%

0.6
0.5
0.8
0.6
0.5
0.3
0.4
1.2
0.5
0.5
0.7
2.0
3.0

21.0
2.4

3.4
2.0
0.4
0.8
0.6
0.7
0.7
5.8

I

448
192
692
390
35
8
11
136
34
84
64
50
806

1,105
783

780
122
539
1,078
56
464
493
523

1
N

11
5
17
10
1
0
0
3
1
2
2
1
20

27
19

19
3
13
26
1
11
12
14

%

1.7
1.6
2.2
1.6
1.3
1.0
1.0
2.8
1.6
1.7
1.3
5.2
9.5

61.3
7.9

9.0
5.5
1.2
1.6
1.6
1.8
1.8
16.8

I

Table 3. Hospital care utilization (HCU) within the last six, three, and one month(s) of life, the number of patients receiving certain types of care, and the
average number of times they received it (intensity, I), 2015.
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Palliative care consultation
Multidisciplinary consultation
Consultation
Paramedic and therapeutic care, per
15 min
Laboratory test
Non-invasive diagnostic test –
pathological
Other non-invasive diagnostics
Invasive diagnostics
Conventional radiology
CT scan
MRI scan
PET scan
Nuclear scan other than PET
Chemotherapy
LC surgery
Non-LC surgery
Biologics
Radiotherapy
Other (care and items)

Hospital bed days
ICU days
ER visit
Ambulatory visit

81
69
56
38
72
61
23
21
15
40
1
12
1
21
62

3,705
2,520
4,779
4,050
1,545
1,147
832
1,969
55
821
73
1,420
4,112

2
46
55
45

5,361
4,581

135
3,028
3,683
3,012

0.4
0.3
0.4
0.3
0.2
0.2
0.2
0.7
0.2
1.5
0.4
1.5
1.1

8.7
1.0

0.3
0.3
0.4
2.5

I
1.7
0.9
0.2
0.5

2,248
1,296
3,226
2,350
831
468
364
983
34
365
31
821
2,757

3,740
3,045

110
2,047
2,331
2,078

3
N
2,617
175
2,093
4,560

34
20
49
35
13
10
7
15
0
6
1
12
42

56
46

2
31
35
31

%
39
3
32
16

0.6
0.5
0.8
0.5
0.5
0.3
0.4
0.8
0.3
0.5
0.5
1.7
2.3

16.3
2.2

0.6
0.6
0.6
3.9

I
3.0
2.1
0.4
0.4

I=Intensity. Intensity is the average number of treatments per patient per month for the patients who received a particular treatment.

Procedures and
treatments

Imaging

Diagnostic tests

Specialty care
consultations

Outpatient days

Inpatient days

6
N
3,799
253
3,118
6,153

Months before death
%
57
4
47
93

2015 (N=6,643)

Lung cancer

958
439
1,553
789
210
110
90
260
14
101
9
263
1,292

1,883
1,486

69
1,062
1,014
1,073

1
N
1,421
128
1,076
2,161
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14
7
23
12
3
2
2
4
0
2
0
4
19

28
22

1
16
15
16

%
21
2
16
33

1.8
1.5
2.3
1.6
1.4
1.0
1.3
2.4
1.0
1.5
1.5
5.2
7.0

50.3
6.5

1.7
1.8
1.7
11.8

I
8.9
6.2
1.2
1.7
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Association between chemotherapy/radiotherapy and ER contacts
CRC patients receiving chemotherapy had more ER contacts during their last six months before
death than patients who did not undergo chemotherapy during this period (unadjusted OR
= 1.8, 95% CI = 1.6–2.1; Table 4). During the last month of life, the OR increased to 17.2 (95%
CI = 11.8–25.0). We observed a similar increase in LC patients (OR = 2.0 six months before
death, 95% CI = 1.8–2.2; OR = 15.8 one month before death, 95% CI = 12.0–20.9). CRC and LC
patients receiving radiotherapy in their last month of life were significantly more frequently
admitted to the ER than patients who did not undergo radiotherapy (OR for CRC patients =
4.6, 95% CI = 2.6–8.1; OR for LC patients = 4.2, 95% CI = 3.2–5.4).
Association between chemotherapy/radiotherapy and ICU contacts
Patients receiving chemotherapy six months before their death spent fewer days in the ICU
than patients who did not undergo this treatment. We observed that, in the last month of
life, LC patients undergoing chemotherapy were admitted to the ICU (OR = 2.9, 95% CI =
1.6–5.2) more often than those who did not receive chemotherapy during this period. LC
patients receiving radiotherapy in their last month of life were significantly more frequently
admitted to the ICU than patients who did not undergo this treatment (OR = 2.7, 95% CI: =
1.3–5.6).
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73 (28.1)
13 (5.0)
247 (95.0)

No ER-contact

≥ 1 ICU-day(s)

No ICU-day

N=6,383

N=260
187 (71.9)

1,912 (97.1)

No ICU-day

≥ 1 ER-contact

57 (2.9)

≥ 1 ICU-day(s)

Last month of life

4,478 (95.8)

811 (41.2)

No ER-contact

6,281 (98.4)

115 (1.8)

5,496 (86.1)

887 (13.9)

196 (4.2)

2,711 (58.0)

1,963 (42.0)

1,158 (58.8)

N=4,674

3,871 (97.1)

≥ 1 ER-contact

130 (95.6)

No ICU-day

116 (2.9)

3,540 (88.8)

Last six months of life

6 (4.4)

447 (11.2)

204 (6.8)

N=1,969

43 (31.6)

≥ 1 ICU-day(s)

N=136

No ER-contact

N=3,987

1,083 (96.1)

No ICU-day
93 (68.4)

44 (3.9)

≥ 1 ICU-day(s)

≥ 1 ER-contact

2,792 (93.2)

517 (45.9)

No ER-contact

1,822 (60.8)

610 (54.1)

≥ 1 ER-contact

1,174 (39.2)

No chemotherapy
%
N=2,996

Lung cancer
(N=6,643)

Last month of life

Last six months of life

Colorectal cancer
(N=4,123)

Chemotherapy
N (%)
N=1,127

2.9 [1.6–5.2]

1

15.8 [12.0–20.9]

1

0.7 [0.5–0.9]

1

2.0 [1.8–2.2]

1

1.5 [0.7–5.6]

1

17.2 [11.8–25.0]

1

0.6 [0.4–0.8]

1

1.8 [1.6–2.1]

1

Crude OR
[95%CI]

255 (97.0)

8 (3.0)

151 (57.4)

112 (42.6)

N=263

1377 (97.0)

43 (3.0)

692 (48.7)

728 (51.3)

N=1,420

47 (94.0)

3 (6.0)

30 (60.0)

20 (40.0)

N=50

373 (94.2)

23 (5.8)

213 (53.8)

183 (46.2)

Radiotherapy
%
N=396

2.7 [1.3–5.6]

1S

4.2 [3.2–5.4]

1

0.7 [0.5–1.0]

1

1.3 [1.1–1.4]

1

2.1 [0.7–6.9]

1

4.6 [2.6–8.1]

1

1.0 [0.6–1.5]

1

1.1 [0.9–1.4]

1

Crude OR
[95%CI]
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6,259 (98.1)

121 (1.9)

5,417 (84.9)

963 (15.1)

N=6,380

5,024 (96.0)

209 (4.0)

2,836 (54.2)

2,397 (45.8)

N=5,223

3,955 (97.1)

118 (2.9)

3,556 (87.3)

517 (12.7)

N=4,073

3,500 (93.9)

227 (6.1)

2,124 (57.0)

1,603 (43.0)

No radiotherapy
%
N=3,727

Table 4. Number of patients with ER contacts or ICU days and the number of patients who underwent radiotherapy or chemotherapy in 2015.
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Discussion
We revealed that a substantial number of LC and CRC patients received highly intensive
treatments during their EOL phase. Receiving chemotherapy or radiotherapy in the last
month of life was found to be strongly associated with increased ER and ICU contacts in LC
patients.
Our results regarding hospital admissions are comparable to those of Bekelman et al. (2016),
who reported that 7% of elderly Dutch patients who died of cancer in 2010 spent one or
more day(s) in ICU during their last 30 days of life, while 42% were hospitalized in an acute
care hospital7. They also found that ICU admissions were more than twice as common in
the United States than in the other six reporting countries for cancer patients, including
the Netherlands. Teno et al. (2013) reported that 29.2% of all (Medicare-supported) cancer
patients in the United States were admitted to the ICU during their last 30 days of life (data
from 2009).10 These findings were substantially higher than those of the present study (3%
to 5%); however, the Netherlands has one of the lowest rates of ICU admissions among the
eight countries investigated by Teno et al. (2013).10 Even though these findings show that
HCU during the EOL phase is lower in the Netherlands than in other countries, overuse (or
underuse) could still be present.
The medical experts included in this study indicated that the HCUPs we identified
corresponded with their experience of daily oncological practice, describing them as
‘shockingly intense’. According to them, the potential areas for improvement in EOL care
are to reduce the high number of admissions to the ICU and ER, to reduce the number of
patients receiving a CT scan and the overall number of scans each patient receives, and to
increase the number of palliative care consultations held with patients. We will discuss each
of these themes and their level of appropriateness below.
Unwanted hospital admissions may be necessitated by a prolonged treatment during
the EOL phase, as doctors may find it difficult to cease high-impact treatments such as
chemotherapy and biological treatment in a timely manner11 and might not always discuss
preferences and treatment aims with the patient.12 We argue that unplanned and even
unwanted admissions could be prevented by timely discussions regarding EOL care or ACP.
Palliative care consultations are a means of giving patients a more central role in their
healthcare and the medical decisions surrounding their EOL.13 Although ACP has its pros
and cons, recent studies have shown that ACP is able to improve the overall compliance
with patient EOL wishes and improve the satisfaction of the patients and their families. It
also reduces family stress, anxiety, and depression,14-16 while increasing the quality of life
and survival rates in comparison with standard care16 and significantly lowering healthcare
costs.6,17 Despite these benefits, there is currently little evidence to indicate whether
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Unfortunately, the number of patients receiving palliative care consultations in our study
was exceptionally low. One explanation for this might be that, in the Dutch healthcare
system, the DRG data on palliative consultations is only registered as palliative care when
a multidisciplinary team is actively providing palliative care, there has been at least one
clinical or ambulant consultation, and the patient is solely receiving palliative care with
no other curative treatments. A palliative consultation can be registered as a healthcare
activity; however, when the activity is not registered as palliative care, it is not sent to
the database we used for our analyses. Even though the number of palliative teams in
Dutch hospitals is increasing,19 supportive care specialists are only involved in the care of
12% of non-sudden-death patients during their last month of life.20 Also, other reported
data suggest that 20–25% of a representative sample of Dutch CRC and LC patients had a
palliative treatment aim in the three months before their deaths as recorded by their GPs.21
The percentage of patients who receive palliative consultations and the total number of
these consultations might therefore be higher than our results suggest, although they are
still likely to be relatively uncommon.
Our results suggest that high-impact treatments are associated with an increase of
both days spent in the ICU in the last month of life for LC patients and the number of ER
contacts made throughout the entire EOL phase for both LC and CRC patients. We cannot
conclude that these treatments are inappropriate in the EOL phase on the basis of this
study however, as more information regarding the treatment aims and patient preferences
would be required to make this determination. The association we found could reflect two
non-exclusive contrasting possibilities: patients receiving chemotherapy may end up in the
ER/ICU more often than those who do not receive chemotherapy/radiotherapy due to an
increase in complications, or their ER/ICU admission may lead to chemotherapy treatments;
for instance, if a palliative treatment aim is determined after their admission. Studies
have shown conflicting and inconclusive results regarding (palliative) chemotherapy22, 23,
24
; however, regardless of the direction of this association, our data suggests that highintensity care (whether chemotherapy or an ICU admission) is associated with the patient
receiving other highly intensive care. Medical specialists should consider the intensity of
these treatments when discussing them with their patients. Bearing in mind that 80% of
patients would prefer to die at home25,26 but only 61% actually do,26 we must ask whether
this trend is acceptable.
Although they are important for the initial staging process of the cancer with acceptable
cost-effectiveness parameters and even cost savings,27 a CT scan might be unnecessary if it
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palliative care interventions implemented in the hospital, home, or outpatient clinic are
more effective than standard care practices at reducing ER visits among patients with cancer
during their EOL phase.18
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will not make a difference to the subsequent treatment. Schnipper et al. (2013) even stated
that “until high-level evidence demonstrates that routine surveillance with PET or PET/CT
scans helps prolong life or promote wellbeing after treatment for a specific type of cancer,
this practice should not be performed.”28 Given this recommendation, it is remarkable that
an average of 1.6 CT scans were still performed on almost 10% of patients in their final
month of life, or an average of 0.6 times for almost 30% of patients during their final three
months.
Strengths and limitations
A major strength of our study was the analysis of the data at the level of healthcare activities.
Although our database only included hospital data, the use of these data enabled us to
analyze HCU in detail. Furthermore, the involvement of a panel of medical experts enabled
us to gather specialized input and opinions, and subsequently understand and interpret the
results. Our data were shown to be representative, as the mean age at death and the malefemale ratio for both cancer types were comparable to the national mortality data1.
Our study also had some limitations, such as the fact that we were not able to distinguish
between curative and palliative treatments in these data. This is important as it would
give more insight into possible explanations for the HCU we have found in our study. Also,
registered healthcare does not always necessarily reflect the actual healthcare supplied;
faulty registrations or non-registrations do occur. Furthermore, the 2015 database was not
complete at the time of this study due to the time-consuming process of collecting data
from Dutch hospitals. When comparing the data from each year however, we found that
our results were robust. We therefore argue that the incompleteness of the data did not
substantially alter the image of the HCUP.
Even though high-intensity hospital care is given to patients in the EOL phase, some
patients received no hospital-based care. We were unable to investigate the differences in
characteristics and HCU between these two groups, but we believe that the hospital-based
patients are most likely to receive high-intensity and high-cost, maybe even inappropriate,
care during the EOL phase in comparison with the non-hospital-based patients. We do not
know whether the care for non-hospital-based patients was more appropriate than the
hospital care provided to other patients. In order to further investigate this, any geographical
or institutional variations in HCU within the Netherlands need to be identified, as these are
even stronger indications of potential overuse and underuse. We also need to broaden the
scope of future studies by analyzing the full healthcare chain to determine which types of
primary care were provided for patients with high levels of secondary care utilization, and
to identify the underlying reasons for differences in HCU. The ultimate aim would be to
signal the overuse and underuse of healthcare while also understanding it, leading to better
conversations between physicians/institutions and patients to improve quality of care.
38

In conclusion, we observed a high usage of intense care in the EOL phase of CRC and LC
patients in the Netherlands, which may represent the overuse of healthcare, especially
regarding hospital admissions and CT scans. Palliative care needs to be further improved and
developed in the EOL phase, and may currently be underused. ACP can play a substantial
role in ensuring the appropriate use of palliative care. More research is necessary to identify
the true overuse and underuse of hospital medical services.
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1,821

52

21

1

7

1

19

2,521

714

18

211

11

582
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“The last thing you ever want to do is extend the period of frailty and disability and
make people unhealthy for a longer time period. So lifespan extension in and of
itself should not be the goal of medicine, nor should it be the goal of public health,
nor should it be the goal of aging science.”
S Jay Olshanky
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Abstract
Background
For older adults, a good transition from hospital to the primary or long-term care setting
can decrease readmissions. This paper presents the 6-month post-discharge healthcare
utilization of older adults and describes the numbers of readmissions and deaths for the
most frequently occurring aftercare arrangements as a starting point in optimizing the postdischarge healthcare organization.
Methods
This cross-sectional study included older adults insured with the largest Dutch insurance
company. We described the utilization of healthcare within 180 days after discharge from
their first hospital admission of 2015 and the most frequently occurring combinations
of aftercare in the form of geriatric rehabilitation, community nursing, long-term care,
and short stay during the first 90 days after discharge. We calculated the proportion of
older adults that was readmitted or had died in the 90-180 days after discharge for the
six most frequent combinations. We performed all analyses in the total group of older
adults and in a sub-group of older adults who had been hospitalized due to a hip fracture.
Results
A total of 31.7% of all older adults and 11.4% of the older adults with a hip fracture did
not receive aftercare. Almost half of all older adults received care of a community nurse,
whereas less than 5% received long-term home care. Up to 18% received care in a nursing
home during the six months after discharge. Readmissions were lowest for older adults
with a short stay and highest in the group geriatric rehabilitation + community nursing.
Mortality was lowest in the total group of older adults and subgroup with hip fracture
without aftercare.
Conclusions
The organization of post-discharge healthcare for older adults may not be organized
sufficiently to guarantee appropriate care to restore functional activity. Although receiving
aftercare is not a clear predictor of readmissions in our study, the results do seem to indicate
that older adults receiving community nursing in the first 90 days less often die compared
to older adults with other types of aftercare or no aftercare. Future research is necessary
to examine predictors of readmissions and mortality in both older adult patients discharged
from hospital.
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Approximately 18% of people over 75 years old are newly admitted to the hospital annually.1
These hospitalizations bring substantial risks,. Among older adults who are clinically
admitted, irreversible loss of function can arise (this number varies between 30 to 60%).2
These older adult patients are especially at risk of becoming frail. Frail older adult patients
are less capable to live independently at home, leading to a greater dependency in daily
life, the loss of the ability to care for oneself, an increased mortality risk 3,4 and an increased
healthcare utilization in different care settings.5 One study reported that a third of frail older
adults die within 100 days after discharge from hospital.6
Research shows that a good transition from hospital to the primary or long-term care setting
can decrease readmission rates.7 However, we currently lack insight in the type and intensity
of care that most older adult patients actually receive after a clinical admission and whether
this is optimally organized in order to prevent adverse outcomes. Insight into the healthcare
utilization of a patient group forms the first crucial step toward improving their healthcare,
and is a tool for the identification of potential areas for improvement. This paper therefore
aims to present the 6-month post-discharge healthcare utilization of older adult patients
and describe the numbers of readmissions and deaths for the most frequently occurring
aftercare arrangements as a starting point in optimizing the post-discharge healthcare
organization.
We hypothesize that older adults with any type of intensive aftercare would have lower
mortality and readmission rates than chronically ill older adult patients who are discharged
otherwise.

Methods
Design

The design of this study is an observational cross-sectional study using health
insurance claims data in the period of January 2015-July 2016. Quantitative
measures were used in order to gain insight into the healthcare utilization of older
adults after their hospital admission and describe the numbers of readmissions
and deaths.
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Population
We included subjects insured by the largest Dutch insurance company (30% market share)
with at least one claimed hospital admission in 2015. We selected all patients who were
living in one of the company’s care-office regions in 2015. Hence, we were able to analyze
the full chain of healthcare, including hospital care, general practitioners care, community
nursing, medications, and long-term care. We attempted to define frail older adult patients
from our dataset as they are most at risk for adverse events.
Research done by Makai et al. has shown that age, sex, medication use, and being
incontinent are predicting variables for frailty when analyzing claims data.8 We therefore
included patients if they were aged 75 and up, used medications from at least two pharmacybased cost groups,9 which are defined by The National Health Care Institute 10 and used
incontinence materials in 2015.
Of the 375,044 insurees that were 75 years or older in 2015, 247,529 (66%) were clinically
admitted to a hospital. With the additional criteria, we identified 21,258 (8.7%) as likely
to be frail. This is much lower than the percentages of frailty found in the literature 11
and underpins the belief that the best way to identify frail older adults is by performing a
comprehensive geriatric assessment.12,13 Thus, in order to not confuse existing literature we
abstain from using the term ‘frail’ for our subjects and will refer to them as chronically ill
older adult patients.
We identified 21,258 hospitalized chronically ill older adult patients. They were clinically
admitted at least once in that year to one of 96 different organizations: 87 hospitals and 9
private clinics. In order to obtain a more homogenous group, we also conducted all analyses
in a subsample of our selection. We chose older adults clinically admitted with a hip fracture,
as this is a typical acute event requiring hospitalization and rehabilitation.
Data
The insurance company’s database contains all claims data and underlying care provided
at the level of healthcare activities and performance codes of their insurees. The data also
includes information about the healthcare providers, as well as the 4-digit postal codes,
age, sex, and marital status of insurees. Data on socioeconomic status (SES) of 2014 were
retrieved from the Social and Cultural Planning Office (SCP) and linked by four digital postal
codes to the claims data. SCP calculated social economic status scores based on information
regarding education, income, and position in the labor market.14 The scores resemble the
social status of a postal code region, relative to the other regions in the Netherlands.
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Procedures and definitions
For each insuree, all claims under the healthcare law and long-term care act were recovered.
Claims under the social support act were not included (these are reimbursed through
municipalities). We identified the last day of a patient’s first admission in 2015. These
included clinical admissions, intensive care unit (ICU), and emergency room (ER) contacts in
a hospital or independent treatment centre. The claims database does not include ICD-10
codes. In order to determine what the underlying reason for admission was, the healthcare
insurance company provided us with a reference table where each diagnosis-related group
(DRG) was linked to a certain chapter of the ICD-10 codes. We selected all healthcare
activities that were registered within a 180 day period after their discharge. As there are
thousands of different healthcare activities, we clustered the data according to predefined
meaningful categories.15
In order to describe the number of deaths and readmissions for different combinations of
aftercare, we labeled chronically ill older adult patients according to the type(s) of care they
received in the 90 days after admission: geriatric rehabilitation (GR), community nursing
(CN), a short stay in a nursing home (ST), and long-term care (LTC). Geriatric rehabilitation
(GR) is short-term and intensive care given by a multidisciplinary team either in a hospital
ward or a nursing facility.16 A person is eligible for GR when they can return home after this
treatment. CN is nursing care at home for patients with an illness or disability. The aim is
to ensure that the older adults can stay at home for as long as possible. A short stay (ST)
is a temporary stay in a nursing home where people after hospitalization can stay for up
to 12 weeks. Patients are eligible for an ST if they need more care than can be provided
in the home situation.17 LTC is intensive care provided at home or in a facility and is only
for patients that will need permanent care 24/7. Patients with LTC pay an income-bound
contribution to the costs.18
We chose these four categories, as these are the types of usual aftercare that we believe
might ward off readmissions. It was possible for each chronically ill older adult patient to be
labeled with more than one category, resulting in multiple combinations of aftercare. For
the six most frequently occurring combinations of aftercare, the group without any of these
four types and the remaining patients (others) we identified subject characteristics and the
readmission and mortality rates in the 90 days and 90-180 days after admission.
Analyses
For both samples, means and standard deviations for age; median and ranges for SES, total
2015 spending, and number of morbidities; frequencies and percentages for sex, marital
status, types of morbidities, and the three most frequently registered DRGs opened at
admission, were calculated. We analyzed the six-month post-discharge healthcare utilization
for all FE and FE admitted due to a hip fracture, for hospital care, GP care, long-term care,
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and community nursing care. We did this by calculating the number and percentage of
chronically ill older adult patients with a certain type of treatment and by calculating the
average number of treatments per user. To assess group differences, a T-test and a nonparametric equivalent were performed on all continuous variables. A Chi-square test was
performed on all categorical variables. All analyses were performed in SAS Enterprise Guide.

Results
Healthcare utilization profiles
In Table 1, descriptive statistics for all included chronically ill older adult patients are
presented. The average age at the time of admission was 83.8 years and more females than
males were clinically admitted (62.1%). The most common morbidities were hypertension
(88.1%), heart conditions (62.4%), and high cholesterol (54.8%). Of all 21,258 chronically ill
older adult patients, 505 (2.4%) died during their first 2015 admission, resulting in a total
of 20,753 discharged patients. A total of 12.5% died during admission or during the 90
days after discharge. The five most common reasons for a hospital admission was injury or
poisoning (7.0%), ischemia, CABG, PCI (6.2%), cerebrovascular diseases (5.3), diseases of the
digestive system (5.2%), and cardiac arrhythmia (5.5%)
Table 2 describes the post-discharge healthcare utilization. During the six-month period
after admission, 51.5% of all chronically ill older adult patients had a (non-ICU) readmission
with a median number of hospital days of 12. Within the same time-frame, 12.3% of all
patients were admitted to the ER with an average visit of 1.3 times (median 1). Almost half of
all chronically ill older adult patients received care of a community nurse, whereas less than
5% received long-term home care. Up to 18% received care in a nursing home during the
six months after discharge. Almost all patients visited their GP at least once, with a median
of 7 visits, and in two thirds of the cases, the GP visited the patients at home (median of 3).
Significant differences between the total group of chronically ill older adult patients and
chronically ill older adult patients with a hip fracture are: patients with a hip fracture were
on average 3 years older, they had a higher healthcare spending in 2015, and more patients
were readmitted with almost double the amount of hospital days and more rehabilitation
days. Patients suffering from a hip fracture had significantly less outpatient visits, noninvasive diagnostics, and GP consultations compared to the total group of chronically ill
older adult patients.
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505 (2.4)

21,258

Mortality during admission

Total 2015 spending, €

292 (35.9)
261 (32.1)
814

6,031 (28.4)

6,395 (30.1)

21,258

Widow(er)

Unknown

466 (57.3)*
368 (45.2)***
175 (21.5)***

13266 (62.4)

11653 (54.8)

6420 (30.2)

Heart conditions

High cholesterol levels

Asthma

215 (26.4)
190 (23.3)*
124 (15.2)***
178 (21.9)
185 (22.7)***
72 (8.9)***

5639 (26.5)

5638 (26.5)

4846 (22.8)

4206 (19.8)

3396 (16.0)

3224 (15.2)

COPD/heavy asthma

Depression

Psychosis/alzheimers/addiction

Diabetes Type 1

c

3.3 (1.3) ***d

30,283 (18,354)***d

-0.3 (1.2) d

86.7 (5.5)***

Mean (SD)

3 [2-8]

27054 [1,424-177,666]

-0.1 [-5.7-2.6]

87 [75-101]

median
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Notes: All group differences were tested with a Chi-square test unless specified otherwise. a Based on pharmaceutical cost groups. Only the top ten
comorbidities are displayed, b Excluding opiods, c T-Test, d Non-parametric T-test (Mann-Whitney U Test). Differences are significant at the significance levels
.001 (***), .01(**), and .05 (*).

Chronic pain

Diabetes Type 2

2

678 (83.3)***

18721 (88.1)

Hypertension

Number of morbidities

101 (12.4)

1

160 (19.7)

2,616 (12.3)

814

23 (2.8)

811

6,216 (29.2)

4 [2-11]

19,045 [705- 468,772]

-0.2 [-5.7-2.8]

200 (24.6)***

814

N

Divorced/never been married

3.8 (1.5)

24,793 (20,506)

-0.4 (1.2)

83 [75-104]

Median [Range]

Older adult admitted with hip fracture (N=814)

Married

Marital status

21258

SES

83.8 (5.6)

21,258

8066 (37.9)

Age

Mean (SD)

N (%)

Older adult with any admission in 2015 (N=21,258)

Male

Measure

Table 1. Baseline characteristics.
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9 [1-48]

29.2 (23.4)

1551.5 (2,531.0)
6510.0 (6,710.7)
108.7 (70.5)

676 (3.2)

388 (1.8)

Care giving hours

HCI package 3, hours

Nursing hours

439 (2.1)

LTC at home or facility

26.8 (55.5)
94.3 (128.7)

9675 (45.5)

10216 (48.1)

Nursing hours

Care giving hours

Community home care

Rehabilitation days

4224 (19.9)

1 [1-18]

1.4 (1.0)
2.7 (2.6)

3057 (14.4)

11961 (56.3)

2.8 (2.7)

12668 (59.6)

Other imaging

Invasive diagnostics

1.3 (0.5)

427 (2.0)

Other nuclear tests

Other non-invasive diagnostics

2 [1-39]

1.1 (0.3)

348 (1.6)

PET/CT-scan

1 [1-14]

122 [1-185]

4230 [15-43,063]

665 [5-21,329]

0 [0-59]

0 [0-8]

25 [1-161]

2 [1-42]

1 [1-4]

1 [1-3]

1 [1-7]

1.4 (0.9)
1.2 (0.5)

4577 (21.5)

1123 (5.3)

1 [1-2]

CT-scan

10.1 (7.4)
1.0 (0.2)

13697 (64.4)

167 (0.8)

Laboratory tests

Pathology tests

1 [1-77]
1 [1-14]

MRI-scan

1.7 (2.4)
1.5 (0.9)

2647 (12.5)

4510 (21.2)

Day care treatment

Surgery

4 [1-74]

1 [1-9]

1.3 (0.7)
4.8 (4.0)

2612 (12.3)

17540 (82.5)

ER visit

Outpatient visit

1 [1-2]

24.4 (29.2)
1.0 (0.2)

10955 (51.5)

12 [1-179]

Median [Range]

1487 (7.0)

Mean (SD)

Clinical admission

N (%)

Older adult with any admission in 2015 (N=21,258)

ICU day

Hospital

Measure

Table 2. The 180 day post-discharge healthcare utilization.

31 (3.8)

16 (2.0)

14 (1.7)

377 (46.3)

367 (45.1)

499 (61.3) ***

322 (39.6) **

58 (7.1)

621 (76.3)

<10

<10

18 (2.2)

103 (12.7) ***

<10

487 (59.8)

204 (25.1) *

49 (6.0)

660 (81.1) ***

60 (7.4)

34 (4.2)

608 (74.7) ***

N

114.8 (66.5)

3458.1 (3,802.1)

392.9 (466.3)

81.8 (110.9)

18.8 (34.2)

34.6 (21.9)

1.8 (1.4)

1.3 (0.7)

2.8 (2.3)

1.2 (0.4)

1.2 (0.5)

10.6 (7.7)

1.3 (0.6)

1.4 (0.7)

3.9 (3.3)

1.2 (0.4)

1.0 (0)

44.9 (35.1)

Mean (SD)

119 [17-184]

2261.5 [105-13,890]

203 [45-1,528]

56.5 [0.1-1431.5]

5.9 [0.2-351.9]

29 [1-155]

1 [1-11]

1 [1-4]

2 [1-21]

1 [1-2]

1 [1-4]

10 [1-38]

1 [1-5]

1 [1-4]

3 [1-22]

1 [1-2]

1 [1-1]

38 [1-179]

Median [Range]

Older adult admitted with hip fracture (N=814)
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65.4 (52.4)
25.3 (32.7)

90 (0.4)

60 (0.3)

1037 (4.9)

HCI package 9, hours

HCI package 10, hours

Short stay nursing home

102 [1-208]

3 [1-53]

7 [1-71]

38 [1-184]

12 [1-166]

48 [1-181]

132 [1-199]

93 [1-184]

543 (66.7)

707 (86.9)**

44 (5.4)

<10

26 (3.2)

<10

<10

93 (11.4)

90 (11.1)

102.5 (60.8)

3.9 (3.3)

7.5 (6.1)

45.3 (31.9)

66.7 (51.6)

103.6 (59.9)

111.0 (60.5)

110 [1-195]

3 [1-19]

6 [1-40]

45 [1-156]

63.5 [6-173]

103 [2-208]

107.5 [1-195]

Chapter 3

Notes: CT-scan = computerized tomography scan, ER = emergency room, GP= general practitioner, HCI = health care intensity, ICU = intensive care unit,
LTC = long-term care, MRI-scan = magnetic resonance imaging scan. All group differences were tested with a Chi-square test. Differences are significant at
the significance levels .001 (***), .01(**), and .05 (*). The health care intensity packages are a predefined package of healthcare. The higher the package
number, the more intense healthcare a person receives. It ranges from living with daily assistance and nursing care to intensive palliative care in a home.

8.1 (6.4)
4.1 (3.8)

19276 (90.7)

13851 (65.2)

Consultations

Home visits

43.4 (33.3)

105.9 (69.3)

24 (0.1)

HCI package 8, hours

GP care

101.9 (62.2)
96.6 (63.5)

1227 (5.8)

50 (0.2)

HCI package 6, hours

HCI package 7, hours

117 [1-223]

124 [1-285]

93 (11.4) *

115.0 (62.1)
110.9 (60.6)

1152 (5.4)

832 (3.9)

HCI package 4, hours

HCI package 5, hours

Older adult admitted with hip fracture (N=814)

Older adult with any admission in 2015 (N=21,258)
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Aftercare combinations and outcomes
The 6 most frequent combinations of aftercare for GR, CN, ST, and LTC during the first 90
days are: CN, LTC, GR+CN, CN+LTC, GR, and ST. These groups are shown in Table 3 and 4
together with the group of chronically ill older adult patients not receiving any of these four
types and the remaining category ‘other’. Table 3 depicts the results for the total group of
chronically ill older adult patients and Table 4 shows the results for the subgroup with hip
fracture. The results from both tables will be discussed below.
Total group chronically ill older adult patients
Age and sex rates differ between the groups; chronically ill older adult patients with LTC
are older and more often female compared to the patients in the other groups; patients
without aftercare are youngest (Table 3). The majority of the discharged patients received
CN (39.1%) and 14.3% received LTC in the first 90 days. Almost a third received no aftercare.
Each of the other combinations was offered to less than 5% of the patients. Overall, more
females received any of the six combinations of aftercare, whereas the distribution of male/
female was more or less equal in the group without any of these combinations of care.
People receiving GR or a combination of GR and CN were mostly admitted due to a hip
fracture, cerebrovascular diseases or another injury or poisoning. Patients receiving LTC
were mostly admitted due to injury/poisoning, clinical geriatrics (including dementia) or a
hip fracture. Patients with none of the four types of aftercare were mostly admitted due to
ischemia, CABG or PCI, cardiac arrhythmia, or disorders of the digestive system.
Mortality
Within the first 90 days after discharge, the number of deaths is highest for patients who
had a short stay in a LTC facility (38.2%). In the 90-180 day period, this dramatically drops to
less than 8% and with 11%, the number of deceased patients is the highest for the ‘other’
combination. The lowest mortality rates were seen in the CN and GR+CN groups. Patients
with LTC have the highest age at death whereas patients without aftercare die youngest.
Readmissions
We observe the lowest number of 90-180 day readmissions for patients who had an ST or
LTC. The highest clinical readmission rates are seen in the groups GR+CN and GR. These rates
exclude admissions to the rehabilitation ward. These patients are most often readmitted due
to a hip fracture, cerebrovascular disease, or peripheral arterial occlusive disease (PAOD).
Chronically ill older adult patients with hip fracture
The majority of the discharged patients who were admitted due to a hip fracture, received
community nursing care (30.7%), 29% received LTC and 11.4% received no aftercare in the form
of GR, CN, LTC or ST (Table 4). Again, the age and sex rates differ over the multiple categories.
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Readmissions
The highest readmission rates are seen in the GR+CN group (22%). Patients with an ST or
CN+LTC are less often readmitted compared to the other groups.
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Mortality
The highest 90-180 day mortality rates are seen in the ‘ST’ and ‘other’ groups. These patients
are younger and have less morbidities compared to the other groups. The lowest mortality
was seen in patients with CN or none of the four types of aftercare (both 3.3%).
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Diseases of the
digestive system
(5%)

23,993
[2,364-216,437.4]
Injury, poisoning
and certain other
consequences of
external causes
(6%)

3

-0.2
[-5.7-2.7]
4
[2-11]

SES, median
[range]
Number of
morbidities
(PCG)
Total 2015 costs,
median
Top 3 DRG’s
1
opened on
admission

Ischemia. CABG.
PCI (5%)

14,415.9
[1,426-394,268]
Injury,
poisoning and
certain other
consequences of
external causes
(11%)
Clinical geriatrics
– other (10%)

36.7

Male, %

2

-0.2
[-5.7-2.4]
3
[2-10]

83.7 (5.4)

Age, mean (SD)

Injury - fracture
hip / upper leg
(7%)

25.7

87.1 (5.6)

CN
LTC
(N=8,110, 39.1%) (N=2,961,
14.3%)

N=20,753

Injury, poisoning
and certain other
consequences of
external causes
(9%)
Cerebrovascular
disease (8%)

40,559
[2,669-180,726]
Injury - fracture
hip / upper leg
(9%)

-0.1
[-5.7-2.6]
4
[2-11]

34.8

84.0 (5.2)

GR+CN
(N=890, 4.3%)

Injury, poisoning
and certain other
consequences of
external causes
(10%)
Cerebrovascular
disease (5%)

22,653
[3,662.4-147,844]
Clinical geriatrics
– other (11%)

-0.1
[-5.7-2.4]
4 [2-9]

85.5
(5.4)
35.6

CN + LTC
(N=666, 3.2%)

20,613
[4,370-107,046]
Injury,
poisoning and
certain other
consequences
of external
causes (15%)
Generic
symptoms (8%)

-0.3
[-3.5-1.8]
3
[2-7]

85.4
(5.5)
31.9

ST
(N=157, 0.8%)

26,769
[2,887-171,810]
Injury,
poisoning and
certain other
consequences
of external
causes (11%)
Clinical
geriatrics –
other (10%)

-0.3
[-5.7-2.6]
3[
2-9]

85.6
(5.3)
27.5

Other
combination
(N=930, 4.5%)

Injury,
Cerebrovascular Injury - fracture
poisoning and
disease (6%)
hip / upper leg
certain other
(7%)
consequences of
external causes
(8%)

Cerebrovascular
disease (9%)

42,445
[1,344-160,956]
Injury - fracture
hip / upper leg
(11%)

-0.3
[-4-2.6]
3
[2-8]

83.1
(5.2)
33.5

GR
(N=457, 2.2%)

Table 3. Characteristics, mortality and admission rates by type of care received during the 90 days after discharge, total group.

Disorders of
digestive system
(6%)

Cardiac
arrhythmia (7%)

12,525
[705-468,772]
Ischemia. CABG.
PCI (9%)

-0.2
[-5.7-2.8]
4
[2-10]

None of the
four types of
aftercare
(N=6,582, 31.7%)
81.6
(4.9)
47.8
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Cardiac
arrhythmia (5%)

Infection – LRT
(5%)

Ischemia. CABG.
PCI (5%)

1

2

3

1602 (19.8)

0-90
770 (9.5)
days
90-180 454 (5.6)
days
84.2 (5.6)
197 (22.1)

Cerebrovascular
disease (6%)

Clinical geriatrics PAOD (6%)
– other (6%)

COPD (6%)

Injury,
Injury - fracture
poisoning and
hip / upper leg
certain other
(9%)
consequences of
external causes
(10%)

414 (14.0)

85.5 (5.5)

54 (6.1)

249 (8.4)
87.9 (5.6)

44 (4.9)

GR+CN
(N=890, 4.3%)

563 (18.9)

CN
LTC
(N=8,110, 39.1%) (N=2,961,
14.3%)

Infection – LRT
(8%)

COPD (9%)

Clinical geriatrics
– other (10%)

114 (17.1)

86.6 (5.2)

53 (8.0)

88 (13.2)

CN + LTC
(N=666, 3.2%)

Ischemia. CABG.
PCI (9%)

Injury,
poisoning and
certain other
consequences of
external causes
(9%)

PAOD (10%)

99 (21.7)

86.0 (5.4)

29 (6.3)

47 (10.3)

GR
(N=457, 2.2%)

Notes: GR = geriatric rehabilitation, LTC = long-term home care, CN = community nursing, PAOD =
peripheral arterial occlusive disease, LRT =Lower respiratory tract.

90-180 day
readmission
(clinical)
Top 3 DRG’s
opened on
readmission

Age at death

Mortality

N=20,753
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Infectious
diseases- other
(8%)

Injury,
poisoning and
certain other
consequences
of external
causes (14%)

Cardiac
arrhythmia
(21%)

20 (15.3)

86.9 (5.4)

12 (7.6)

50 (38.2)

ST
(N=157, 0.8%)

Ischemia. CABG.
PCI (8%)

1292 (19.6)

84.0 (5.7)

170 (2.6)

None of the
four types of
aftercare
(N=6,582, 31.7%)
480 (7.3)

Injury - fracture
hip / upper leg
(8%)

Cardiac
arrhythmia (6%)

Cerebrovascular Malignant
disease (12%)
neoplasms of
unrinary organs
(6%)

Clinical
geriatrics –
other (16%)

138 (14.8)

86.1 (5.5)

103 (11.0)

118 (12.7)

Other
combination
(N=930, 4.5%)
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18014
[4579-124274]
53 (24.0)
18 (8.1)
88.9 (5.6)

-0.1 [-4-2.4]

3 [2-7]

30708
[9143-177666]
13 (5.3)

8 (3.3)

87.6 (6.4)

SES, median
[range]
Number of
morbidities
(PCG)
Total 2015 costs,
median
Mortality
0-90
days
90-180
days
Age at death
22 (10.0)

17.2

3 [2-7]

-0.6 [-3.5-2.1]

21.6

Just Geriatric
rehabilitation
(GR)
(N=51, 6.5%)
85.7 (5.8)

18 (22.0)

89.7 (5.4)

5 (6.1)

8 (15.7)

87.8 (7.0)

3 (5.9)

36152
38698
[7101-141344] [17801-96409]
6 (7.3)
7 (13.7)

3 [2-7]

-0.1 [-5.7-2.6]

32.9

86.7 (5.6)

GR+CN
(N=82, 10.4%)

Notes: GR = geriatric rehabilitation, LTC = long-term home care, CN = community nursing.

36 (14.8)

3 [2-8]

25.1

Male, %

90-180 day
readmission
(clinical)

-0.1 [-4.0-2.3]

85.5 (5.5)

Age, mean (SD)
88.1 (5.3)

Just Community Just long-term
nursing (CN)
care (LTC)
(N=243, 30.7%) (N=229, 29.0%)

N=791

3 [2-7]

-0.7 [-2.3-1]

50.0

86.6 (5.5)

Just short stay
nursing home
(N=10, 1.3%)

1 (4.0)

89.9 (4.2)

2 (8.0)

0 (0.0)

87.8 (5.8)

2 (20.0)

18966
30893
[10752-62922] [6138-44763]
6 (24.0)
3 (30.0)

3 [2-8]

-0.2 [-2.1-2.1]

32.0

88.3 (5.0)

CN+LTC
(N=25, 3.2%)

6 (8.7)

91.5 (4.5)

8 (11.6)

30382
[8556-140141]
6 (8.7)

2 [3-7]

-0.2 [-3.0-2.1]

26.1

87.6 (5.7)

Other
combination
(N=69, 8.7%)

Table 4. Characteristics, mortality and admission rates by type of care received during the 90 days after discharge, hip fracture.

12 (13.3)

87.7 (5.2)

3 (3.3)

23484
[1424-107259]
19 (21.1)

3 [2-7]

0.0 [-3.3-2.3]

30.0

85.2 (5.3)

None of the four
types of aftercare
(N=90, 11.4%)
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This paper aimed to describe the post-discharge healthcare trajectories of chronically ill
older adult patients and describe the mortality and readmission rates for the most common
90 day-post-discharge care arrangements. Our results seem to indicate that chronically ill
older adult patients with any admission or an admission due to hip fracture, who receive CN
in the first 90 days, less often die compared to patients receiving other types or no type of
aftercare. However, chronically ill older adult patients receiving these types of aftercare also
have one of the highest readmission rates.
Our hypothesis, that older adults with any type of predefined aftercare would have less
readmissions and lower mortality rates than older adults receiving no aftercare, is not
confirmed. On the contrary, older adults without aftercare less often die within 180 days.
An explanation for this could be that this group is in lesser need of care compared to the
other groups. They are on average younger, a higher proportion is male, and the reasons
for admission differ from the other groups. Another explanation could be that these older
adults rely on informal care from for instance their spouse. However, they die at a younger
age compared to older adults that did receive any of these types of intense care. Also, a
large proportion is readmitted which suggests that they are not better off per se.
Describing care trajectories is especially important when we want to find flaws in the
continuity of care and ultimately reduce fragmentation and optimize care. Older adult
patients often suffer from multiple conditions and therefore receive care from multiple
providers. This means that there is potential danger of fragmentation of care. A seamless
continuity of care is most at risk during the patients’ transition from an institutional care
setting to the home.19 Although causality cannot be established from these data, our results
coincide with previous research, that shows that a good transfer to home care and the use of
a community nurse could reduce deaths and improve functional outcomes in older adults.6
Research also shows that especially older adult patients admitted due to heart failure or
with functional disability, which can be expected after hip fracture, deserve extra attention
when transferring from the hospital to the home setting, especially with regards to avoidable
readmissions.20 Unfortunately, we know that transfer of care after discharge to the primary
or long-term care setting is not always regulated sufficiently to guarantee continuity of care
21
and that in order for care transition programs to be effective, they require a more tailormade approach.22
Our inclusion criteria led to the inclusion of a heterogeneous group, as we could, for
instance, see from the different diagnoses at admission. Differences in morbidity make it
difficult to interpret the results. With our subgroup analyses we shed more light on this
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issue . Post-discharge healthcare utilization for chronically ill older adult patients with a hip
fracture differs from the total group on several expected differences, such as healthcare
utilization that seems to be more specific for a hip fracture patient and the higher costs that
accompany them.. However, even though the two subsamples might not be one-on-one
comparable, the issue raised for the total group of chronically ill older adult patients still
applies to the group admitted due to a hip fracture, where still a proportion of patients does
not receive aftercare in the form of GR, CN, ST or LTC, although to a lesser extent.
Strengths and limitations
Because we used data from one of the largest Insurance companies in the Netherlands with
a 30% market share, we were able to analyze a large and representative group of the older
adults in the Netherlands. Also, the fact that the company not only collected claims data on
a DRG level but on healthcare activity level means that we can actually analyze the chain of
healthcare in much greater detail. We were unable to include claims made under the social
support act. This is healthcare reimbursed by municipalities which focuses on providing
assistance in daily living (for instance grocery or meal services or cleaning support) in order
to let the older adult live independently for as long as possible.
In 2015, an average of 22% of all persons aged 75 and over resided in a long-term care
facility which is similar to but slightly higher than the 18% of the older adults we identified
residing in nursing homes. Our inclusion criterion ‘using medications from at least two
different pharmacy-based cost groups’ most likely lead to an under-sampling of older adults
residing in long-term care facilities. This is because in those facilities, the medication costs
are directly claimed with the facility and not with the insurance company. Also, by using
pharmacy-based cost groups, not all drugs administered in the inpatient setting could be
used to identify morbidities of the FE. These two reasons lead to a lower morbidity rate for
cancer and dementia. This does not mean that a large part of our subjects does not suffer
from these diseases; it means that we were unable to identify them.
Conclusions
The organization of post-discharge healthcare for chronically ill older adult patients may
not be organized sufficiently to guarantee appropriate care to restore functional activity.
Although receiving aftercare is not a clear predictor of readmissions in our study, the results
do seem to indicate that older adults receiving community nursing in the first 90 days less
often die compared to chronically ill older adult patients with other types of aftercare or no
aftercare. Therefore, an area for improvement could be the deployment of a home nurse
after hospital admission for these patients in order to bridge the transfer from hospital to
the primary care setting. More research is however necessary to examine predictors of
readmissions and mortality in both older adult patients discharged from hospital.
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“When it comes to health, your zip code matters more than your genetic code.”
Used by many –
original source unknown
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Abstract
Objectives
To examine the regional variation in hospital care utilization in the last six months of life of
Dutch patients with lung cancer and to test whether higher degrees of hospital utilization
coincides with less general practitioner (GP) and long-term care use.
Design
Cross-sectional claims data study.
Setting
The Netherlands.
Participants
Patients deceased in 2013-2015 with lung cancer (N=25,553).
Main outcome measures
We calculated regional medical practice variation scores, adjusted for age, gender and
socioeconomic status, for radiotherapy, chemotherapy, CT-scans, emergency room contacts
and hospital admission days during the last six months of life; Spearman Rank correlation
coefficients measured the association between the adjusted regional medical practice
variation scores for hospital admissions and ER contacts and GP and long-term care utilization.
Results
The utilization of hospital services in high-using regions is 2.3-3.6 times higher than in low
using regions. The variation was highest in 2015 and lowest in 2013. For all three years,
hospital care was not significantly correlated with out-of-hospital care at a regional level.
Conclusions
Hospital care utilization during the last six months of life of patients with lung cancer shows
regional medical practice variation over the course of multiple years and seems to increase.
Higher healthcare utilization in hospitals does not seem to be associated with less intensive
GP and long-term care. In depth research is needed to explore the causes of the variation
and its relation to quality of care provided at the level of daily practice.
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Introduction

For patients with advanced illness, and specifically for cancer patients, there can be undertreatment of pain and other burdensome symptoms, as well as over-treatment with curative
therapies that many patients might not want.7 Particularly of interest in the EOL phase are
aggressive treatments. For instance, the Dartmouth Atlas reports that many patients in the
terminal stages of cancer undergo chemotherapy that does not always lengthen life, but all
too often makes their last days more miserable.8
Lung cancer (LC) is a common cancer type with high hospital care costs and patients are
very likely to undergo aggressive treatments.9 They are heavy users of acute care beds
and the emergency room (ER) at the EOL9,10, both indicators of poor-quality care.10 In a
previous study, we already described hospital care utilization at the EOL and concluded that
the percentage of patients with LC with EOL hospital admissions, ER-contacts and CT-scans
was high (66%, 57% and 65%), pointing to potential overuse of medical care. In contrast,
utilization of palliative consultations was low (3%) [-Reference blinded for review], even
though it is known that early palliative care can optimize the quality of EOL care11,12 and
the treatment decision ‘potentially curative/life-prolonging treatment’ was more often
described as inappropriate (35 %), than appropriate (8 %).13
Examining clinical variation in medical practice is an important first step to measuring
efficiency and effectiveness in care delivery.14 Variation in healthcare utilization can raise
questions regarding the quality and appropriateness of resources provided and thereby aid
in improving the value of healthcare delivery. Previous studies already showed considerable
geographical variation in healthcare at the EOL. However, the studies that did so are mostly
from the USA8,15,16 and focus mainly on hospital care.17-20 As avoidable hospitalizations are
seen as an indirect measure of access to effective primary care21, we hypothesized that
receiving primary and long-term care can avoid hospital admissions. Or, that primary and
long-term care at home in some way substitutes for variation in hospital care utilization. We
therefore believe that investigating the complete cycle of care is important and will fill a gap
in literature.
Moreover, previous literature mainly addressed variation for a single time-period22,23 and
only analyzed claims data on a diagnosis-related-group (DRG) level. Using national data for
the period 2013–2015, this study will not only assess the geographic variations in hospital
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Often, care for patients near the EOL does not meet the desires of patients or their families1
and pro-active palliative care is not provided on time.2 Increasing signals of potential
inappropriate care and healthcare costs at the EOL (EOL) have led to the research of possible
overuse as well as underuse of many medical procedures.3-6
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care on a detailed level for multiple years for Dutch LC patients; but will also examine the
degree to which the use of these services is associated with out-of-hospital services within
geographic regions.

Methods
Design
This cross-sectional study analyzed regional medical practice variation of EOL care during a
Dutch patient’s last six months of life across 90 regions defined by their two-digit residential
postal code.
Study population and selection
We included Dutch inhabitants who died in 2013, 2014 or 2015 with the diagnosis of LC. In
the Netherlands, each DRG is claimed under a specialty and a diagnosis code. The medical
advisors of the National healthcare Institute of the Netherlands provided us with the codes
specific for LC patients. With these codes, for both datasets, we included patients if there
were claims registered under specialty “lung diseases”, diagnoses “Tumors NSCLC”, “Tumors
SCLC”; specialty “surgery”, diagnosis “neoplasm bronchus lung”, and specialty “internal
medicine”, diagnoses “small and non small-cell bronchus carcinoma”. Patients were
excluded if they were younger than 18 years. We used a patient’s postal code as opposed to
where the service was provided. This corrects for the “border crossing” among geographic
areas seen as a result of the existence of a referral center distant from the patient’s place of
residence.24 If more than one address was registered during the EOL phase, the postal code
for the region of residence at the time of death was used.
Data
Two data sources were used in this study. The first one is a Dutch database of administrative
hospital data of all Dutch insured patients (99% of Dutch population). In the Netherlands,
hospital care reimbursements are based upon DRGs. These packages of care entail an
average of all healthcare costs for a combination of various treatments, however do not
give insight into the actual care provided. This database included both DRGs as well as the
healthcare activities before they were grouped into DRGs. This meant we could analyze the
actual care provided.
Healthcare activities are registered by all Dutch hospitals (8 academic and 82 general
hospitals) and by more than 300 independent treatment centers. The data also contain
information regarding the treating specialist and diagnosis (ICD-10 codes were unavailable),
the institution providing care, 4-digit postal codes and the age and gender of patients.
For 2013 and 2014, the data covered 95% of the delivered and billable care in these years
in the Netherlands. For the care registered in 2015, this was approximately 70%, due to
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administrative delays in registries at the time the present analyses were carried out.

Information regarding age and gender were available in both datasets. Additionally, data
on socioeconomic status (SES) was retrieved from the Social and Cultural Planning Office
(SCP) and linked by four digital postal codes to our data. SCP calculated SES scores based
on information regarding education, income, and position in the labor market. The scores
indicate the social status of a postal code region, relative to other regions in the Netherlands
and cannot be interpreted purely as a number.
Primary outcomes
Together with experts in the field of oncology, internal medicine and palliative care, and
based on literature addressing costly and potentially aggressive EOL treatments, we included
the following hospital services for analyses: hospital admission days, emergency room (ER)
contacts, chemotherapy, radiotherapy, computed tomography (CT) scans, and intensive
care unit (ICU) admissions 20,25-27. Due to the cost saving and quality improving evidence for
palliative care consultations, they were also selected. Secondly, hospital admission days and
ER-contacts were correlated with GP care and long-term home nursing care and assistance
for daily life activities (ADL).
Analyses
Variations in medical practice were analyzed with the formula:
Regional medical practice variation score =

Observed regional volume
* National average
Expected regional volume

The ‘expected regional volume’ was determined with a logistic regression analysis adjusting for
age, sex, and SES28,29 for each outcome to account for differences in patient characteristics
between regions and years. Specific cut-off points for each outcome in the logistic regression
were determined and were based on the national average number of treatments per person in
the last six months of life, for patients receiving this specific treatment. The clinical relevance of
these cut-off values was verified with the experts and the rationale behind this was: if someone
receives more than the average number of treatments, then the healthcare utilization was
indicated as high. The outcomes for the different hospital services were: ten or more hospital
admission days, one or more ER-contact, two or more chemotherapy treatments, two or more
radiotherapy fractions, and two or more CT-scans during the last six months of life.

71

Chapter 4

The second database comprises hospital care on a DRG level and information regarding the
treating specialist and diagnosis and primary and long-term care claims data for all Dutch
insured persons. Both databases had pseudonymized patient IDs, but could not be linked
because these IDs were different in both datasets.
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The regression analyses resulted in estimated probabilities per patient. For each region, all
estimated probabilities for the patients living there were summed up in order to obtain the
expected volumes for each region. Next, the expected volume of each region was divided
by the observed volume in that region and multiplied by the national average to obtain a
regional medical practice variation score and standardized to 1,000 patients. Regions were
only included in these calculations if there were 30 or more deceased patients with LC in this
region. This score can be interpreted as the age, sex and SES adjusted number of patients
with the specific outcome per 1,000 deceased patients.
We calculated two measures of geographic variation: the 95/5th percentile ratio (factor score,
textbox 1) and the 95/5th coefficient of variation (CV95/5)30. Finally, an average factor score
for the three years was calculated. We could only calculate factor scores for treatments
that were registered in at least 95% of the regions as dividing by 0 would lead to an infinite
number. This means that we were not able display results for palliative care consultations,
ICU admissions (2013, 2014 and 2015) and radiotherapy (2015).

Textbox 1
Example Factor Score Calculation
The factor score (FS) is a measure to depict the degree of variation between hospitals
based on the medical practice variation scores. It shows by which factor the highest score
differs from the lowest score. We present the factor score based on the 95th and 5th
percentile of the distribution of the medical practice variation scores. A factor score of
2 means that the patient visiting the hospital in the 95% percentile has a 2 times higher
chance of receiving the treatment as opposed to him/her being admitted to the hospital
in the 5% percentile.
Example: If for clinical admissions, the P5 score is 361 and the P95 score is 655, then,
FS=655/361.

After this, for each region, we calculated the mean number of GP consultations, GP home
visits, and visits of a long-term home nurse for both home nursing activities and ADL per
deceased LC patient. Using Spearman Rank order test, we assessed the correlation between
these and the adjusted regional medical practice variation scores for hospital admission
days and ER-contacts. To assess the robustness and consistency of the results, we stratified
all analyses by year. Analyses were performed with SAS Enterprise Guide 9.2.

72

Regional variation in hospital care at the end-of-life of Dutch patients with lung cancer

Results
Patient characteristics
Overall, there were more men than women (60.0%, Table 1). We identified more patients
in the primary care database. Mean age at death varied between the two databases. The
patient characteristics did not differ between the years.

Hospital care database

Primary and long-term care database

25,533

31,698

Male

15,324 (60.0)

19,038 (60.1)

Female

10,209 (40.0)

12,660 (39.9)

Male

70.6

71.1

Female

67.1

68.0

N
Gender (%)
Mean age at death
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Table 1. Characteristics of all deceased patients with lung cancer in 2013-2015 by database

Regional medical practice variation
The degree of variation is presented in Table 2. All investigated hospital services vary by
two-fold or more. With a mean factor score of 3.6, the largest variation over the three years
is found for two or more radiotherapy fractions. Note, with 335.5, the absolute difference
was largest for ER-contacts. The factor scores of 2015 are higher compared to the scores in
2013 and 2014.
Substitution of hospital care by GP and long-term home care.
Table 3 presents the results regarding the hypothesized substitution effect for out-ofhospital services. All correlation coefficients were weak and most were non-significant. Only
the adjusted regional medical practice variation scores for hospital admission days and ER
days were statistically significantly correlated with the mean number of GP visits (P-value:
<0.001, 0.01, respectively) in 2014. However, the strengths of these correlation coefficients
were very low (ρ: 0.39, 0.30 respectively).
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2.6

2.6

2.3

2.5

Chemotherapy (2+)

CT-scans (2+)

ER-contacts (1+)

Hospital admission days (10+)

209.9-526.9

234.9-707.7

153.3-409.1

153.6-413.3

86.8-413.5

Medical practice
variation score
(range)

2013

2.0

1.6

2.1

2.0

3.2

Factor
score

0.15

0.16

0.15

0.15

0.25

CV95/5

219.6-519.1

394.9-707.8

155.5-447.5

155.5-450.0

91.2-379.4

Medical practice
variation score
(range)

2014

2.4

1.7

2.9

2.9

4.0

Factor
score

1

No factor scores calculated due to >5% regions with score of zero.
CT-scan, computer tomography scan; CV, coefficient of variation; ER-contact, emergency room contact

3.6

Mean three
year factor
score

Radiotherapy fractions (2+)

Treatment

0.15

0.12

0.17

0.17

0.20

CV95/5

144.4-449.8

183.7-659.8

107.5-391.7

107.4-391.6

-1

Medical practice
variation score
(range)

2015

3.1

3.6

2.9

0.20

0.23

0.20

0.20

0.51

-1
2.9

CV95/5

Factor
score

Table 2.Degree of regional variation in use of hospital care across two digit postal code regions for Dutch lung cancer patients, described by factor scores
and absolute difference of the P95-P5 adjusted regional medical practice variation scores.
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0.09
0.40

Sig. (2-tailed)

0.22

Correlation Coefficient

-0.14

Sig. (2-tailed)

0.01

Correlation Coefficient

-0.30

Sig. (2-tailed)

<0.001

Sig. (2-tailed)
Correlation Coefficient

-0.39

0.69

Correlation Coefficient

Sig. (2-tailed)

Sig. (2-tailed)
-0.04

0.24

Correlation Coefficient
Correlation Coefficient

Mean number of
GP home visits
-0.13

1

Provided under the long-term care act
ADL, assistance daily life; GP, general practitioner; ER-contact, emergency room contact.

ER-contacts

2015 (N=85) Hospital admission days

ER-contacts

2014 (N=79) Hospital admission days

ER-contacts

Adjusted medical practice
variation score for
2013 (N=85) Hospital admission days

Year

0.84

-0.02

0.39

-0.10

0.56

-0.07

0.88

-0.02

0.66

0.05

0.41
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Mean number of GP
consulta-tions
0.09

0.54

0.07

0.36

-0.10

0.62

-0.06

0.52

-0.07

0.61

0.06

0.64

Mean number of Home
nursing hours1
0.05

0.31

0.11

0.53

0.07

0.71

-0.04

0.54

-0.07

0.81

0.03

0.63

Mean number of
ADL hours1
-0.05

Table 3. Spearman rank correlation between adjusted regional medical practice variation scores for ER and hospital admissions and the mean regional
primary and long-term care utilization.
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Discussion
This study has three main findings. First, our results show that regional medical practice
varies during the last six months of life for hospital care in patients with LC in the Netherlands,
by at least twofold. Thus, the place where patients live is associated with the type, and
intensity of care they receive. Second, the presence of variation is persistent over the course
of three years and seems to increase. Third, the degree of variation of hospital services was
not (strongly) associated with the degree of healthcare utilization outside the hospital in
terms of GP and long-term care (substitution).
A study by the OECD, 2014 also found hospital medical admissions to vary by two-fold or
more within countries which they noted as considerable.31 Furthermore, Goodman et al
(2010) showed that, during the last month of life, the number of hospital days varied with
a factor 2.7 between regions in the United States. However, he found that life-sustaining
treatments varied more than fivefold among patients being treated in academic medical
centers32, which is much higher compared to our findings. However, Goodman investigated
cancer patients in general and not a more specific group like LC patients.
Multiple factors are important when explaining the variation. For instance, we know that
the EOL care can be supply-sensitive.33 Living near a specialized oncology treatment center
or academic treatment center might lead to different care as opposed to living near a small
general hospital.34 Also, the local bed supply, rather than patient preferences, have been
shown to explain the differences in EOL care among patients.35 Studies have also shown
that physicians adapt their admission and discharge decisions to the availability of intensive
care unit beds, admitting more patients with less severe illness and extending length of stay
when more beds are available.36 Also, patient preferences could influence the care provided
or utilized. For instance, religion is associated with receiving intensive life-prolonging EOL
care.37 Lastly, differences in speed and uptake of medical and organizational innovations
and thus access to EOL care might also explain part of the (probably temporal) variation
we found.38The fact that a small country like the Netherlands has over 60 palliative care
networks, which are all organized differently may illustrate this.
It is known that patients have different preferences regarding treatment in the last phase of
life. However, it is also known that generally, the healthcare provided at the EOL does not
always reflect these preferences.1,39 Our data did not permit a study of patients’ preferences.
The question remains whether the variation we found is unwarranted. Even though our
results cannot answer this, previous research suggests that a lot of admissions in oncology
patients are due to acute cancer-related conditions such as pain and fever and are therefore
potentially avoidable 40,41. The large degree of variation in ER-contacts and hospital
admissions indicate that some of the patients underwent a prolonged treatment which
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Strengths and limitations
A considerable strength of our study is the analysis of data with a national coverage at the
level of healthcare activities. The advantage of this is that the healthcare registered can be
analyzed in greater detail than most published studies did. A second strength is that the
data of the entire chain of healthcare made it possible to study trade-off effects between
variations in hospital and outpatient care. Finally, we chose to present factor scores based
on the P95-P5 range. By doing so, we showed that, even when we exclude outliers, variation
is still substantial. Additionally, by performing the analyses over several years we have
shown that the variation we see is persistent. However, the 70% coverage of all billable
claims in 2015 may be a contributor to the deviating factor scores for this year compared to
the two previous ones. We adjusted for age and sex to remove the effects of differences in
populations. This removes part of the variation explained by comorbidities, especially the
age-dependent ones. However, not completely, and it does not adjust for other, possibly
important factors. For instance, cancer staging is likely to be associated with the treatment
plan of the patients and the care that is provided. National data shows that this varies
little over the investigated regions. Therefore, we believe this to have little to no effect on
our results. We also adjusted for SES on an aggregated level,; individual SES would be a
better predictor of utilization of EOL treatments. Lastly, we were unable to take patientpreferences or the supply of care into account. Care in the primary/long-term care setting
was not utilized sufficiently by the required number of LC patients to perform medical
practice variation analyses. Thus, we correlated regional medical practice variation scores in
secondary care with absolute numbers of primary and long-term care. This meant that we
compared adjusted utilization to crude utilization. A final limitation is the fact that we were
only able to analyze the variation on a regional level, based on where a patient lived and not
on an institutional level. The drawbacks are that the residential area does not necessarily
match with the treatment seeking area and regions are difficult entities to hold accountable
for delivered care.
Recommendations
More research is necessary to identify the underlying reasons causing variation and to
determine which part of it is unwarranted. Our suggestion for the next step would be to
identify and characterize hospitals or hospital regions with high and low scores. This would
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probably led to unwanted admissions through cancer-related complications in some cases.
Also, the appropriateness of chemotherapy near the EOL is complex. There is an ongoing
debate regarding the benefits of chemotherapy and other life-sustaining procedures in
these patients42 and the question is raised whether the high number of patients with two
or more chemotherapy treatments found in some regions is warranted. Unfortunately, we
were unable to determine whether the chemotherapy provided was life-prolonging or given
to treat symptoms and pain and in line with the patient’s wishes.

Chapter 4

also overcome the issue that the residential area does not necessarily match the area where
treatments are provided. Next, it is important to further investigate possible factors such as
the supply of care and patients’ and doctors’ preferences influencing the care that is given
at the EOL. Finally, assessing whether a reduction in variation increases patient outcomes
would give more insight into the warrantedness of the present variation. Medical specialists
should be aware of the difficult decision making that patients with cancer face near the EOL,
how different their perspective is about treatment benefits43 and how their preferences
vary. Especially because we know that a palliative treatment aim could prevent hospital
admissions.44 Timely palliative care (advance care planning) and shared decision making can
play a role in this.45-47 Ultimately, this will provide patients and professionals insight into the
drivers of variation and tools to improve EOL care.
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“If all variation were bad, solutions would be easy. The difficulty is in reducing the
bad variation, which reflects the limits of professional knowledge and failures in its
application, while preserving the good variation that makes care patient-centered.
When we fail, we provide services to patients who don’t need or wouldn’t choose
them while we withhold the same services from people who do or would, generally
making far more costly errors of overuse than of underuse.”
Mulley 2010
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Abstract
Chronically ill elderly patients are likely to benefit from coordinated care. By using
administrative data, we sought to explore whether Dutch chronically ill elderly patients
show less acute post-discharge healthcare utilization and are more often provided aftercare
when their providers share more mutual chronically ill elderly patients with one another,
or in other words, have a higher care density. Secondly, we investigated whether there
is between-hospital variation for the utilization of acute post-discharge healthcare and
provided aftercare and thirdly and we explored whether the degree of patient-sharing is
associated with these variations. Firstly, we found that patients with a high care density less
often utilize acute post-discharge healthcare but are also provided less aftercare. Secondly,
the between-hospital variations for acute healthcare utilization, as well as for the provided
aftercare, do not vary much (P5-P95 factor score <2). Lastly, care density does not explain
the between-hospital variation in both acute post-discharge healthcare utilization and
provision of aftercare.
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Introduction

The importance of well-organized care is increasingly being recognized; for example, after an
acute hospitalization, a smooth transfer to homecare or district nursing and the deployment
of integrated care has been shown to prevent mortality in elderly.4 Well-integrated
and coordinated care is not always achieved in practice however; a Dutch report on the
continuity of care for discharged elderly revealed that care providers did not sufficiently
comply with the standards for good patient transfers, compromising the continuity of care.5
The same report also stated that each hospital had its own discharge procedure, which is
also seen as suboptimal. Many studies on variation in medical practice have demonstrated
that between-hospital variation also exists for many treatments and procedures. We
therefore hypothesize that the utilization of acute post-discharge healthcare and the
aftercare provided for chronically ill elderly patients might also vary between hospitals, and
are dependent on the degree of coordination.
After discharge, the care of chronically ill elderly patients is provided by different healthcare
providers; thus, a personal network of healthcare providers arises around each patient.
These healthcare providers also share mutual chronically ill elderly patients. Previous
research has revealed that providers who frequently share comparable patients are more
likely to communicate and work with one another because the healthcare professionals are
more likely to know one another through referrals and advice seeking.6-8 In turn, this could
lead to the better coordination of patient care.9 As a result, increased patient sharing may
reduce the likelihood of a patient requiring subsequent acute care, such as hospitalizations,
and may increase the provision of community nursing or long-term care (LTC).6 In addition,
physicians may come to adapt to the behavior of other, nearby physicians, particularly
in the absence of a general agreement or during uncertainty about treatments.10,11 This
is hypothesized to be a contributor to the variation in practices across geographic areas
and hospitals;12 therefore, we hypothesize that this so-called local touch also occurs when
providers share more mutual patients, as they tend to communicate more with each other,
reducing variation between practices.
Until now, only a few studies have investigated patient-sharing networks in relation to costs,
delivery, and the utilization of care. These studies have presented conflicting results regarding
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The coordination and integration of care provided by a variety of healthcare institutions
seem to have positive effects on the quality of care.1,2 Elderly patients with (multiple) chronic
conditions are particularly likely to benefit from coordinated care practices, as they have
long-term needs for different services, such as in- or outpatient hospital care, community
nursing, home care, and social support, and are more likely to receive suboptimal care than
other groups.3
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the effect of patient sharing on these outcomes, due to the heterogeneous methodologies
used.6,7,12 These previous studies also analyzed the claims of all Medicare patients and
did not look at chronically ill elderly patients specifically. Moreover, none of these studies
investigated the effect of patient sharing on the occurrence of between-hospital variation.
In the present study, we have formulated three hypotheses: first, we propose that chronically
ill elderly patients whose providers share more chronically ill elderly patients, and thus more
often coordinate their care, will utilize acute healthcare less frequently after their discharge
and are provided with more aftercare than chronically ill elderly patients whose providers
share less patients; second, we hypothesize that both the type of aftercare and the acute
healthcare utilization rate is dependent on the hospital from which the chronically ill elderly
patient was discharged; third, we propose that the differing degrees of post-discharge
coordination are associated with the between-hospital variation in the provision of aftercare
and the utilization of acute care, and that adjusting for the degree of patient sharing may
therefore decrease these variations.

Methods
Design
In this observational study, quantitative measures were used to describe healthcare
utilization and investigate the variation and care density (a metric of the extent to which
providers share the care of patients with one another) of Dutch chronically ill elderly patients
in routinely collected data from health insurance claims.
Population
We included subjects insured by the largest Dutch insurance company (30% market share)
with at least one claimed hospital admission in 2015. We selected all patients who were
living in one of the company’s care-office regions in 2015. We were able to analyze the
full chain of healthcare, including hospital care, general practitioner (GP) care, community
nursing, medications, and LTC.
Initially, we attempted to define frail older adult patients from our dataset as they are most
at risk for adverse events. Research done by Makai et al. has shown that age, sex, medication
use, and being incontinent are predicting variables for frailty when analyzing claims data 13.
We therefore included patients if they were aged 75 and up, used medications from at least
two pharmacy-based cost groups 14, which are defined by The National Health Care Institute
15
and used incontinence materials in 2015.
Of the 375,044 insurees that were 75 years or older in 2015, 247,529 (66%) were clinically
admitted to a hospital. With the additional criteria, we identified 21,258 (8.7%) as likely to
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be frail. This is much lower than the percentages of frailty found in the literature 16. Thus, in
order to not confuse existing literature we abstain from using the term ‘frail’ for our subjects
and will refer to them as chronically ill older adult patients.
Data
The insurance company’s database contains all claims data provided at the level of diagnosisrelated groups (DRGs) and the underlying healthcare activities and performance codes. In
addition, the data includes information about the healthcare providers, as well as the 4-digit
postal codes, age, gender, and marital status of the insurees.

Primary outcomes
Our primary focus was on acute healthcare utilization and (types of) aftercare. Acute
healthcare utilization was defined as emergency room (ER) visits, intensive care unit (ICU)
days, and hospital readmission days occurring during the six months post-discharge.18-21 The
types of aftercare included healthcare activities provided by a GP, community nursing, and
LTC.
Procedures
For each patient, we identified the last day of their first admission in 2015. These included
hospital admissions, ICU, and ER visits in a hospital or private clinic. The claims database
does not include International Classification of Diseases (ICD-10) codes; therefore, the
healthcare insurance company provided a reference table in which the DRG of each claim
was linked to a certain chapter of the ICD-10 codes, facilitating the determination of the
underlying reasons for admission. We identified all post-discharge healthcare activities
registered during the six months after discharge. Because many of the numerous healthcare
activities can be grouped together, we clustered the data according to the categories of care
mentioned above. Next, we assigned each subject to a hospital or private clinic, based on
their first admission in the year 2015.
Degree of patient sharing
In order to develop a patient-specific measure of coordination, we used the model for ‘care
density’ by Pollack et al.,6 which is specifically designed for claims data. In this approach,
the number of patients shared by providers is a proxy for their collaboration. The higher the
degree of patient sharing, which we will refer to as the care density score from now on, the
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Data on the socioeconomic status (SES) of various regions in 2016 were retrieved from the
Social and Cultural Planning Office (SCP) and linked to our data using four digital postal
codes. SES scores are based on information regarding education, income, and position in the
labor market,17 and represent the social status of a postal code region relative to the other
regions in the Netherlands.
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higher the number of other chronically ill elderly patients that were on average shared by
the healthcare providers around the subject chronically ill elderly patient.
We calculated the care density scores based on the care providers seen by each patient
during the six months after their 2015 discharge. The types of providers included in these
calculations were the various providers in a (specialized) hospital, private clinics, GP offices,
community nurses, and all LTC, allied care (such as physiotherapists, speech therapists, and
dieticians), rehabilitation, alternative medicine, and mental care providers. We chose these
types of providers because chronically ill elderly patients had more frequent visits with
these than other types of care provider, suggesting that these providers are most likely to
benefit from being part of a network. Examples of excluded care providers include providers
based in laboratories, paramedics, pharmacy workers, dental care providers, and providers
of medical supplies. We standardized all care density scores to 1,000 patients to allow for a
comparison with other studies.
Analyses
Care density
We first calculated a care density score for each individual patient, based on the healthcare
providers the patient had seen in the six months after their hospital discharge.6 The care
density quantifies the degree of patient sharing for each patient’s providers. We calculated
this by the method of Pollack et al6 where the numerator is the total number of shared
patients for a patient’s providers in the six months after discharge. The denominator is the
total number of healthcare provider pairs for a patient. More details of this method can
be found in Pollack et al. (2012). Based on the distribution of the care density scores, we
defined eight care density categories. For each of these categories, we then analyzed the
six-month post-discharge healthcare utilization for all our included subjects. We calculated
the number and percentage of patients who had had a hospital admission, ER visit, ICU day,
a short stay in a nursing home, community nursing and care giving, LTC, or GP consultations
and visits. Third, we calculated the mean number of visits per user during these six months
and the standard deviations.
Between-hospital variation
To determine the between-hospital variation, we calculated the number of chronically ill
elderly patients expected to have received a certain treatment by performing a logistic
regression analysis for each outcome individually, adjusting for age, gender, and SES.22,23 To
do so, we dichotomized each of the primary outcome variables based on whether someone
did or did not receive a specific type of treatment. Hospitals in which an outcome variable did
not occur at all were left out of the between-hospital variation analyses. This was the case for
one hospital for both ICU days and short stays. In addition, to avoid small-sample variation,
we only included hospitals with a minimum of 30 initial patients admittances recorded in
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our dataset. With the beta-coefficients from the logistic regression models, we were able
to calculate the predicted probabilities of receiving any of the predefined outcomes for
each individual patient. All predicted probabilities of the patients appointed to each specific
hospital were added up. This resulted in a value for the expected volume of patients with
a specific treatment for each hospital. We then divided the observed number of patients
for each hospital by the expected number of patients in that hospital, and multiplied it
by the national average. The resulting practice variation scores were standardized to 1,000
chronically ill elderly patients. We also quantified the amount of variation by calculating
factor scores based on the ratio between the 5th and 95th percentile. The factor score is a
measure to depict the degree of variation between hospitals based on the hospital variation
scores.
Example: For hospital admissions, if the P5 score is 467.2 and the P95 score is 535.3, then:
535.3
= 1.1.
467.2

A factor score (FS) of 2 means that the patient being discharged from the hospital at the
95th percentile (P95) is twice as likely to receive the treatment as a patient being discharged
from the hospital at the 5th percentile (P5). To explore whether care density could explain
the between-hospital variation in outcomes, we repeated the analyses while additionally
adjusting for care density as a categorical variable in the logistic regression model, calculating
new factor scores. We compared the factor scores before and after additional adjustment
for care density to determine whether they had decreased.
All analyses were performed in SAS enterprise 9.1.

Results
Characteristics of the study population
Of the 375,044 insurees aged 75 years or older in 2015, 247,529 were admitted to the
hospital. Of those, we identified 21,258 chronically ill elderly patients (8.6%) and, of those,
505 (2.4%) died during their first 2015 admission, resulting in a total of 20,753 discharged
chronically ill elderly patients from 88 different hospitals and nine private clinics. The
average age of these patients was 83.7 (SD 5.5) and 62% were female (Table 1). The patients
were most often admitted due to injury, poisoning (e.g., by drugs or biological substances),
and certain other consequences of external causes (ICD-10, chapter 19; 7.0%). The majority
suffered from hypertension (88.1%) and heart conditions (62.4%).
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Table 1. Characteristics of chronically ill elderly patients discharged from their first admission in 2015
Total (N=20,172)
Age, mean (SD)

83.7 (5.5)

Male, %

8066 (37.94%)

SES, median [range]

-0.2 [-5.7-2.8]

Total 2015 spending, median [range], €

19,044.51 [704.71-468771.58]

Number of morbidities1, median [range]

4 [2-11]

Hypertension

18721 (88.07)

Heart conditions

13266 (62.40)

High cholesterol levels

11653 (54.8)

Asthma

6420 (30.20)

Chronic pain2

5639 (26.53)

Diabetes Type 2

5638 (26.52)

COPD/heavy asthma

4846 (22.80)

Depression

4206 (19.79)

Psychosis/alzheimers/addiction

3396 (15.98)

Diabetes Type 1

3224 (15.17)

Psychosis

3121 (14.68)

Thyroid

2484 (11.69)

Reason for admission2
Injury, poisoning and certain other consequences of
external causes - Other
Ischemia, CABG, PCI

1402 (7.0%)
1247 (6.2%)

Cerebrovascular diseases

1068 (5.3%)

Diseases of digestive system

1043 (5.2%)

Cardiac arrhythmia

1119 (5.5%)

1

Based on medication, Based on ICD-10 codes, SES=socioeconomic status
2

Care density and healthcare utilization
The characteristics and healthcare utilization of the chronically ill elderly patients for each
care density categories are shown in Table 2 and Figure 1. The networks with lower density
scores not only shared fewer patients, but the patients were also older, while denser
networks shared younger patients (Table 2). In denser networks, a lower percentage of
patients utilized post-discharge acute care and a lower percentage of patients were provided
with aftercare (Figure 1). Also, in denser networks, patients who did receive post-discharge
care received a lower total volume of care than patients in less dense networks (Appendix).
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1.1 (0.5)

2734 (37)

84.0 (5.5)

-0.4 [-5.7-2.8]

7 [2.0-24.0]

Standardized care density,
mean (SD)

Male, N (%)

Age mean (SD)

SES 2016, median [range]

Number of providers,
median [range]

SES= socioeconomic status

7428

N

Very low care
density score,
>0-2

6 [2.0-11.0]

-0.2 [-5.7-2.9]

83.7 (5.5)

2087 (38)

2.9 (0.6)

5540

Low care density
score,
>2-4

5 [2.0-8.0]

-0.1 [-4.8-2.6]

83.9 (5.6)

1010 (38)

5.0 (0.5)

2647

Average care
density score
>4-6

Table 2. Characteristics of the study population per care density class

4 [2.0-5.0]

0 [-3.6-2.2]

83.6 (5.4)

428 (38)

8.8 (0.6)

1122

High care
density score,
>8-10
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4 [2.0-6.0]

-0.1 [-5.7-2.6]

83.3 (5.7)

461 (41)

7.3 (0.6)

1118

Above average
care density
score,
>6-8

3 [2-5]

0 [-4.8-2.3]

83.4 (5.7)

330 (40)

12.4 (1.4)

825

Very high care
density score,
>10-15

3 [2-4]

0.1 [-5.7-2.6]

83.3 (5.8)

257 (39)

16.7 (1.3)

653

2 [2-3]

0.0 [-3.8-2.6]

82.5 (5.4)

379 (45)

37.0 (16.4)

839

Extremely high Care density
care density
score >20
score,
>15-20
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Figure 1. Care density scores.

Between-hospital variation
After the exclusion of hospitals and private clinics with fewer than 30 admitted patients
and zero outcomes, a total of 44 hospitals and 15,892 chronically ill elderly patients were
included in the analysis of medical practice variation. The number of patients discharged
from each hospital ranged from 30 to 1,700. Between hospitals, the mean age ranged from
81.1 to 85.4, while the mean number of comorbidities ranged from 3.3 to 4.2. Figure 2
graphically displays the between-hospital variation for each outcome. The degree of
variation in the post-discharge utilization of acute healthcare expressed in the 95%/5%
(P95/P5) factor scores ranged from 1.1 (ER visits) to 1.9 (hospital admissions). The variation
in the provision of aftercare was highest for a short stay (P95/P5 factor score 1.7) and lowest
for GP consultations (P95/P5 factor score 1.0). The largest absolute variation was seen in
community nursing (Table 3).
Care density and between-hospital variation
The mean standardized care density score for each hospital ranged from 0.2 to 14.1. Table
3 shows the P95/P5 factor scores for the different outcomes of acute healthcare utilization
and the provision of aftercare. After additionally adjusting for care density in the logistic
regression analyses, the factor scores remained the same.
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Adjusted for age, gender, SES
Factor scores
[P5-P95]
Acute care
utilization

Provided
aftercare

Adjusted for age, gender,
SES and care density
Factor scores
Absolute
[P5-P95]
difference
P5-P95
1.1 [459.8-527.9] 68.1

Hospital admissions

1.1 [467.2-535.3]

Absolute
difference
P5-P95
68.1

ICU days

1.6 [37.3-60.8]

23.5

1.6 [36.7-59.6]

22.9

ER visits

1.9 [66.4-125.1]

58.7

1.9 [64.6-121.8]

57.2

Community nursing

1.4 [349.1-475.6]

126.5

1.4 [312.8-426.6]

113.8

Community care giving

1.2 [409.4-495.0]

85.6

1.2 [404.0-488.6]

84.6

LTC

1.3 [183.2-238.4]

55.2

1.3 [182.7-238.1]

55.4

Short stay

1.7 [30.0-51.2]

21.2

1.7 [29.5-50.3]

20.8

GP consultation

1.0 [906.5-938.0]

31.5

1.0 [903.7-934.7]

31.0

GP home visits

1.1 [649.4-718.1]

68.7

1.1 [645.1-713.3]

68.2

Chapter 5

Table 3. Factor scores and absolute difference of the between-hospital variation in 180-day post
discharge healthcare utilization of chronically ill elderly patients, 2015.

ICU=intensive care unit, ER=emergency room, LTC=long-term care, GP=general practitioner.
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Our objective was to describe the six-month utilization of acute healthcare for discharged
chronically ill elderly patients and examine how this related to care density. Secondly, we
wanted to describe the provision of aftercare during the six months after discharge for
different categories of care density. Our third aim was to investigate the between-hospital
variation in the post-discharge utilization of acute healthcare and the aftercare provided for
the chronically ill elderly patients, and to investigate whether care density was associated
with this variation. Our results showed that the patients with a higher care density were
less frequently readmitted to the hospital, the ER, or ICU within six months after their initial
discharge from hospital in 2015, although they received less aftercare. The variation in
both acute healthcare utilization and the provision of aftercare did not vary much between
hospitals (P95/P5 factor score < 2), indicating that the hospital from which the patients
was discharged has only a minor impact on these outcomes. Even though there is a large
difference in care densities between hospitals, care density was not associated with the
between-hospital variation in both acute post-discharge healthcare utilization and the
provision of aftercare for chronically ill elderly patients.
Interpretation
Our results show that post-discharge healthcare utilization for chronically ill elderly patients
decreases with increasing levels of care density. Assuming that higher care densities indeed
indicate a better coordination of care, our results suggest that increased coordination
results in fewer hospital, ER, and ICU admissions for patients after hospital discharge. Other
research has reported comparable outcomes regarding hospitalizations,6,12,24,25 indicating
that fragmented care may be less efficient, particularly for seniors with multiple chronic
medical conditions.26
Our results also show that the amount of aftercare provided, such as community nursing
and LTC, decreases as the care density increases, contrary to our hypothesis that a higher
care density and more (intensive) aftercare would reduce the utilization of acute healthcare.
There are several possible explanations for this contra-intuitive finding; for example, this
population may be in lesser need of care. After all, we also found that, apart from having
a lower level of utilization of acute healthcare, patients with a higher care density score
are younger, and have fewer healthcare providers in their personal network. A second
possible explanation is that this method, which is based on the assumption that sharing
more patients also means better coordination, cannot optimally measure the breadth and
the depth of the concept of coordination. Providers who share patients might not be aware
that they do so. This raises the question of whether the existence of ‘implicit networks’ is a
desirable situation or whether these providers should be made aware that they share the
same patient. This will enable them to coordinate their care, particularly in this important
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but short time frame of six months, for a group of patients who are likely to benefit from
coordinated care.27
Our finding that care density does not explain the variation in healthcare utilization seems
contradictive to our initial findings, which indicate that a higher care density is associated
with less care utilization. However, after adjusting for age, gender, and SES, as we did in
the between-hospital variation analyses, the care density did not influence the investigated
outcomes. Age is likely an important factor here, as this differs across the care density
categories and adjusting for it cancels out the expected association. The literature also
indicates that age is an important predictor of the utilization of healthcare and its associated
variation.28 Another important aspect of influence could be that the degree of variation, in
both the utilization of care and the provision of aftercare, is already low. Care density could
play a role in the existence of variation, but perhaps only to a certain extent, which we
were unable to grasp in our subjects and during this specific time frame. Further analyses
that relate healthcare utilization to care coordination are necessary to facilitate a better
understanding of these mechanisms.
Strengths and limitations
This study explored the possibilities of healthcare network analyses using administrative
claims data for chronically ill elderly patients, which could be applied to any healthcare
database containing information at a patient level. We used data from one of the largest
insurance companies in the Netherlands, which has a 30% market share; therefore, we were
able to analyze a large and representative cohort in this country. The fact that the insurance
company not only collected claims data on a DRG level but also on a healthcare activity level
enabled us to analyze the healthcare utilization in much greater detail.
This study has several limitations. First, we were unable to include claims made under the
social support act, which is a healthcare program reimbursed by municipalities focused
mostly on providing assistance with housekeeping and daily living activities that enable the
elderly to live independently for as long as possible. Third, we were unable to investigate the
appropriateness of the acute healthcare utilization and provided aftercare. From previous
research performed by our group, we know that only 50% of chronically ill elderly patients
receive community nursing care during the six months after discharge29despite the evidence
that community care can prevent untimely deaths.4 Also, a low factor score for the hospital
admissions does not justify the finding that more than 50% of patients were readmitted to
hospital during the six months following their initial discharge.29
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A topic on the future research agenda should be a richer and more in-depth description and
understanding of the types of networks that can be defined. Previous studies have examined
the association between network characteristics and healthcare utilization; however, they
have varied in their statistical approaches, leading to different results. This suggests the
need for more research into the optimal measurement of patient-sharing networks. Future
research is also necessary to determine which aspects of healthcare utilization correspond
to patient preferences and lead to better outcomes; for instance, do chronically ill elderly
patients who receive more LTC end up in the hospital less often? Are chronically ill elderly
patients happy with the care that is provided?
For all these topics and questions, administrative data will not suffice. We therefore suggest
that additional data should be gathered in future studies. Only then can these important
questions be answered. Subsequently, analyzing subgroups of chronically ill elderly patients
based on their diagnosis at admission would help to further optimize the organization of
post-discharge healthcare in a tailor-made fashion.

99

Chapter 5

Implications and future research
Identifying and characterizing healthcare networks based on patient sharing is a method
that can be used to define groups of providers who could be held accountable for the
combined care they deliver in the future; an approach that might have useful applications
for policymakers seeking to influence physician behavior. We believe that analyses such as
this provide insurers and healthcare purchasers with potentially powerful tools to function
as catalysts for the continuous quality improvement of the complete patient care cycle.
It may also facilitate the identification of best practices and any providers with room
for improvement.8 This is especially true when this method is combined with additional
methods to define unstated or ‘virtual’ networks.30 Care density could be an important
proxy for value-based healthcare in the future.
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0 [0-9]

0.0 (0.4)

20 (2)

0 [0-2]

0.1 (0.2)

63 (6)

0 [0-4]

0.1 (0.3)

64 (6)

0 [0-172]

7.5 (18.1)

425 (38)

0
[-3.6-2.2]
4 [2.0-5.0]

83.6 (5.4)

428 (38)

8.8 (0.6)

1122

High care
density score,
>8-10

Table 1A. Characteristics and Healthcare utilization of the study population per care density class
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0 [0-4]

0.0 (0.3)

17 (2)

0 [0-1]

0.0 (0.2)

39 (5)

0 [0-3]

0.1 (0.2)

39 (5)

0 [0-119]

5.3 (14.9)

260 (32)

0
[-4.8-2.3]
3 [2-5]

83.4 (5.7)

330 (40)

12.4 (1.4)

825

Very high care
density score,
>10-15

0 [0-4]

0.0 (0.3)

8 (1)

0 [0-4]

0.0 (0.3)

18 (3)

0 [0-3]

0.0 (0.3)

21 (3)

0 [0-108]

3.0 (9.5)

168 (26)

0.1
[-5.7-2.6]
3 [2-4]

83.3 (5.8)

257 (39)

16.7 (1.3)

Extremely high
care density
score,
>15-20
653

0 [0-0]

0 (0)

0

0 [0-1]

0.1 (0.3)

66 (8)

0 [0-5]

0.0 (0.3)

27 (3)

0 [0-179]

3.1 (9.6)

253 (20)

0.0
[-3.8-2.6]
2 [2-3]

82.5 (5.4)

379 (45)

37.0 (16.4)

839

Care density
score
>20
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9.3 (7.2)
8 [0-71]
6063 (82)
4.2 (4.5)
3 [0-53]

Mean per user (SD)

median [range]

GP visits, N (%)

Mean per user (SD)

median [range]

0 [0-1134]

7125 (96)

median [range]

2 [0-179]

GP consultations, N (%)

2302 (31)

4.3 (8.1)

Mean number of 5 minute claims per
user (SD)
median [range]

20.3 (72.1)

1 [0-168]

4391 (59)

Community care, N (%)

Mean number of claims per user (SD)

3.7 (6.5)

1 [0-102]

LTC, N (%)

1 [0-79]

3.2 (6.2)

Mean number of 5 minute claims per
user (SD)
median [range]

0 [0-1419]

15.4 (69.7)

1251 (23)

2 [0-53]

3.2 (3.8)

4100 (74)

6 [0-66]

7.6 (6.1)

5306 (96)

2968 (54)

2.8 (5.5)

4188 (56)

0 [0-1473.9]

11.0 (53.0)

550 (21)

2 [0-31]

2.7 (3.5)

1790 (68)

5 [0-41]

6.7 (5.7)

2488 (94)

0 [0-51]

3.7 (6.4)

1270 (48)

0 [0-43]

2.7 (5.7)

Low care
Average
density score, care density
>2-4
score
>4-6
2807 (51)
1202 (45)

Community nursing, N (%)

Very low care
density score,
>0-2
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0 [0-1486.7]

10.6 (57.1)

234 (21)

1 [0-25]

2.1 (3.1)

656 (59)

5 [0-44]

5.9 (5.6)

1003 (90)

0 [0-32]

2.2 (4.6)

354 (32)

0 [0-32]

1.4 (3.6)

Above average
care density
score,
>6-8
314 (28)

0 [0-1129.1]

9 (56.6)

172 (15)

1 [0-31]

2.4 (3.4)

727 (65)

5 [0-36]

5.7 (5.1)

1021 (91)

0 [0-33]

3.5 (6.4)

530 (47)

0 [0-57]

2.6 (6.0)

512 (46)

High care
density score,
>8-10

0 [0-305]

6.2 (18.6)

151 (18)

1 [0-23]

1.8 (2.8)

477 (58)

4 [0-35]

5.0 (4.8)

715 (87)

0 [0-31]

2.0 (4.4)

263 (32)

0 [0-31]

1.5 (3.9)

240 (29)

Very high care
density score,
>10-15

0 [0-344]

4.9 (22.3)

82 (13)

1 [0-48]

1.9 (3.3)

288 (44)

4 [0-28]

5.1 (4.6)

583 (89)

0 [0-33]

2.5 (5.4)

240 (37)

0 [0-32]

1.6 (4.7)

Extremely high
care density
score,
>15-20
210 (32)

0 [0-342.5)

2.0 (16.0)

37 (4)

0 [0-22]

1.0 (2.1)

332 (40)

3 [0-26]

4.0 (4.1)

711 (85)

0 [0-31]

0.5 (2.4)

73 (9)

0 [0-31]

0.4 (2.2)

81 (10)

Care density
score
>20
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Integration of care is “The organization and management of health services so
that people get the care they need, when they need it, in ways that are userfriendly, achieve the desired results and provide value for money.”
WHO, 2008
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Abstract
Background
Optimal care for patients with chronic conditions requires coordination and collaboration
between providers within a complex care network. Individual patients have personalised
networks of their own providers, creating a unique network of providers who treat (‘share’)
the same patient. These ‘patient-sharing networks’ differ in density, i.e. the number of
identical patients they share. We evaluated whether the density of these patient-sharing
networks affects patient outcomes and costs. We tested this for Parkinson’s disease (PD) as
an illustrative example of a complex chronic neurological condition.
Methods
We analysed medical claims data from all PD patients (n=48,769) in the Netherlands
between 2012 and 2016. We focused on seven professional disciplines that are commonly
involved in Parkinson care. As a proxy for collaboration between providers within a network,
we calculated for each patient the density score: the average number of patients that each
patient’s providers shared. This score was also calculated at the hospital level by averaging
the scores for all patients belonging to a specific hospital. Using logistic and linear regression
analyses we estimated the relationship between density scores and health outcomes,
healthcare utilization, and healthcare costs.

Results
The average density score varied considerably, both at the individual patient level (average
6.7, SD 8.2) and at the level of hospital populations (average 3.9, SD 8.2). Adjusted for
confounders, higher density scores were associated with a lower risk of PD-related
complications (OR: 0.901; p<0.001) and with lower healthcare costs (coefficients: -0.018,
p=0.005), but not with mortality (OR: 0.962; p=0.052). Higher density scores were associated
with more frequent involvement of neurologists (coefficient 0.068), physiotherapists
(coefficient 0.052) and occupational therapists (coefficient 0.048) (p-values all <0.001).

Conclusions
Patient sharing networks showed large variations in density, which appears unwanted as
denser networks are associated with better outcomes and lower costs for Parkinson patients.
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Introduction
Achieving optimal care for persons with a chronic neurological condition is challenging.
Optimal management requires a multidisciplinary approach, a complex array of treatment
options and a long follow-up. Networks of healthcare providers have proven to be useful
for improving coordination and organization of care.1 Interestingly, healthcare consists of
more than such professional networks, because individual patients also build their own
personalised networks: they choose (or are being allocated to) their own set of healthcare
providers, leading to a unique network of providers who treat (‘share’) the same patient2.
These so called ‘patient-sharing networks’ of healthcare providers will typically differ in
‘density’, i.e. in the number of identical patients they share.3

In this study, we aimed to study the effects of network density in the context of a chronic
neurological condition, using Parkinson’s disease (PD) as a representative example. The care
for persons with PD is complex, because many different healthcare providers are involved,
many of whom work in different echelons of healthcare.7,8 This provides great challenges
to the coordination and organization of multidisciplinary care. Organising care delivery in
professional networks of specifically trained healthcare providers at a regional level leads
to better collaboration and fewer disease complications,9 but there is no evidence that
the density of patient-sharing networks (i.e. the quality of the actual collaboration around
each individual patient) improves care delivery and leads to better outcomes. In this study,
we therefore assessed the relation between the density of patient-sharing networks and
both quality of care and health outcomes for patients with PD. Specifically, we aimed to
investigate (a) to what extent patient-sharing networks in PD vary in density in current daily
clinical practice (assuming that large variations are generally unwanted); and (b) if denser
patient-sharing networks are associated with better health outcomes, lower healthcare
utilization and lower healthcare costs.
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Denser patient-sharing networks, i.e. networks of providers who share relatively more
patients with each other, might result in better care provision. Providers in a dense network
might communicate and cooperate better,4,5 or know each other through referrals5. This
could improve the coordination and organization of care for their patients3. Positive effects
of dense networks might be expected especially among patients with chronic conditions,
since these patients likely benefit most from integrated, well-organized care delivery.6

Chapter 6

Methods
Data
We analysed medical claims data from all PD patients in the Netherlands between 2012
and 2016. These data were made available through Vektis, a not-for-profit organization
that collects all claims data for all Dutch healthcare insurance companies.10 Since all Dutch
inhabitants are obliged by law to have a healthcare insurance, the database of Vektis contains
the claims data of 99.8% of the Dutch population11 (17.3 million people12). These claims data
concern all primary and secondary care, plus the costs for nursing home residency. The
Vektis data also include the date when a person died. We successfully used this same Vektis
database in a previous analysis where we demonstrated the added value of professional
networks of physiotherapists who were specifically trained to treat patients with PD.13
Study sample
We included all 48,769 Dutch insured citizens who had at least one diagnostic related group
code (DRG code) of PD since January 2008. Data of individual patients were included in the
analyses from the moment that the first PD DRG appeared for that patient. The first PD DRG
defines the moment of diagnosis by a neurologist. The same approach was used in earlier
research on PD care in the Netherlands.13,14 The included patients were given a unique
random identifier by Vektis. The key to the identifier was not available for the researchers.
Similar to previous research on claims data for PD care,14 we included the PD-related
claims data of neurologists, specialized PD nurses (both included at the hospital level),
physiotherapists, occupational therapists, speech & language therapists, dieticians, and
psychologists. These are the healthcare providers that are most frequently involved in PD
management.7,9,15-17 Every healthcare provider was given a random identifier in a similar way
as the patients. The characteristics of the study sample are presented in Table 1.
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Table 1.General characteristics of the study sample (n = 48,769).
Characteristic

Measure

Average age (in 2012)

71.7 years (SD: 10.1)

Sex

58.9 % men

Time since diagnosis* (in years, median (IQR))

5.5 (4.5 – 7.7)

Follow-up time (in years, mean (SD))

3.2 (1.7)

Number (%) of patients with complete follow-up

16,404 (33.6)

Number (%) of patients with less than 6 months follow-up

Number (%) of patients visiting

Number of included

0 or unknown

2,222 (4.6)

1

9,908 (20.3)

>1

36,639 (75,1)

Median (IQR)

3,0 (2,0 – 5,0)

Hospital (neurologist/specialized nurse)

40,980 (84,0)

Physiotherapist

34,496 (70,7)

Occupational therapist

14,944 (30,6)

Speech & language therapist

9,052 (18,6)

Dietician

6,600 (13,5)

Psychologist

7,549 (15,5)

Hospitals
Physiotherapists
Occupational therapists
Speech & language therapists
Dieticians
Psychologists

136
14,743
1,232
984
1,286
238

PD-related healthcare costs per year per patient
Costs of complications excluded (Mean (SD))
Costs of complications included (Mean (SD))

$ 2004,99 (3083.59)**
$ 2153,47 (3145,99)**

SD = Standard Deviation; IQR = inter quartile range; * = calculated to date of death or up to December
31st 2016 (the last day of the dataset); ** = euro-dollar conversion per March 13th 2019
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Number (%) of providers per patient during follow-up:

3,544 (7.3)

Chapter 6

Defining density
In order to assess how ‘dense’ a patient-sharing network is, we used the model for care
density defined by Pollack et al3:
�m
i=1 Wp, i
density score =
np (np ― 1)/2

where np is the number of distinct healthcare providers that patient p saw, m is the total
number of possible pairs of these healthcare providers, and Wp,i is the number of shared
patients for each pair of healthcare providers. The numerator is the total number of instances
of patient sharing over the study period among a patient’s providers. The denominator is
the total number of pairs of healthcare providers for that patient. The higher the density
score, the more patients the involved providers share. A visual example of this method is
given in Figure 1. More details of this method can be found in Pollack et al.3

Figure 1. Visual example for a situation in which six healthcare providers (hospital H, speech & language
therapist SL, occupational therapist O, and physiotherapists P1, P2 and P3) share four patients (blue,
red, yellow and green). The density score of the provider network of the blue patient = (2+2+3)/
(3*(2-1)/2) = 2.33, while density scores are 1.67, 1.67, and 1.00 for the red, green, and yellow patient
respectively.
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To visualize the differences in density scores, we selected the three hospital populations
with the highest and three other hospital populations with the lowest density score. The
average density score per hospital population was positively influenced by the number
of assigned patients. Regarding the lowest density scores, we therefore only considered
hospital populations with at least 369 patients, which was the size of smallest hospital
population with the highest density score. We visualized the networks of the selected
hospital populations by plotting the healthcare providers that shared mutual patients with
t-distributed Stochastic Neighbor Embedding (t-SNE).18
Outcomes, utilization and costs
Our next main aim was to assess the relation between density scores and health outcomes,
healthcare utilization and healthcare costs. For this purpose, we defined the following
outcome measures. Health outcomes were defined as the occurrence of any one or more
of three PD-related complications (i.e. a claimed DRG for pneumonia, orthopaedic injury or
hospital admission for PD)13,14 or mortality. Healthcare utilization was defined as the number
of DRGs (neurologist and specialized PD-nurses) or visits (allied healthcare providers) to the
included healthcare providers. Healthcare costs were defined as the sum of the prices of the
claims. We calculated healthcare costs separately with and without the costs of the DRGs of
PD-related complications.
Subsequently, we used regression analyses for each outcome. To assess the association
between density scores and health outcomes we used logistic regression models since the
dependent variables were all dichotomous; the associations with utilization and costs were
performed with linear regression models. In the linear regression analyses we log-transformed
the dependent variables since the effects on utilization and costs were multiplicative rather
than additive and the residuals were closer to the normal distribution if the dependent
variables were log-transformed. For similar reasons, and to unify our results and simplify the
interpretation, we log-transformed the density scores in all regression analyses.
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Comparing density scores
First, the density score per patient was calculated for 36,639 patients. For the remaining
12,130 patients it was impossible to calculate a density score because they visited either
zero, just one or an unknown number of healthcare providers (Table 1).
We then calculated the average density score per hospital across their entire PD patient
population, to see if average density scores varied between hospital populations. We
therefore assigned all PD patients to the hospital from which they had received most of
their hospital care, i.e., from which they had the most neurologist and specialized PD nurse
claims. We were able to calculate the average scores for 108 out of all 136 Dutch hospitals,
since 28 hospitals were private hospitals and subsequently did not have any PD patients
assigned to them.
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In all regression analyses, we adjusted for age, sex, the duration of the disease, the number
of healthcare providers per patient, the average number of patients per healthcare provider
in the patient’s network, and the follow-up time. Age, sex and the duration of the disease
might influence the dependent variables, and these were therefore added to the regression
model as independent variables. For duration of the disease, we added an extra variable
indicating if a patient had PD-related claims in 2008 or not. This was done to cope with the
limitation that our dataset does not contain data prior to 2008, which would otherwise
result in underestimation of disease duration. The number of healthcare providers per
patient and the average number of patients per provider in the patient’s network were
added in a similar way, since these variables mathematically influence the density score.
For all regression models, we excluded patients with either zero, one or an unknown number
of healthcare providers. In the logistic regression models on PD-related complications, we
additionally excluded patients of which we did not have the full follow-up time available
(five years), since these patients would have had less time to develop a complication. This
resulted in 13,129 included patients. In the linear regression models we adjusted for followup by defining the dependent variables as averages per month. Patients with less than six
months follow-up were excluded to avoid outliers. This resulted in 35,414 included patients
for the linear regression analyses on healthcare costs. For the linear regression analyses on
utilization, only patients could be included that had claims from the designated healthcare
providers. The numbers of included patients per specialism are presented in Table 2.
Table 2. Number of patients per specialism.
specialism

Number of patients included in utilization analyses

neurologist

33,703

physiotherapist

33,474

occupational therapist

14,534

speech & language therapist

8,895

dietician

6,490

psychologist

6,437

Secondary analysis
Our results might be influenced by the activities of the Dutch nationwide ParkinsonNet
healthcare network. Covering the entire country, ParkinsonNet is a Dutch not-for-profit
organization, supporting regional provider networks of medical and allied healthcare
professionals specialized in the management of patients with PD. The ParkinsonNet
approach stimulates concentration of care among the specifically trained professionals
(which influences density scores), but also develops guidelines, stimulates collaboration and
provides education to healthcare providers.9,19 These efforts have led to improved health
outcomes, and decreased healthcare costs.9
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To assess the relation between the density score and membership of the ParkinsonNet
network, we identified four all included providers if they were a ParkinsonNet member or
not. Since the claims of neurologists and specialized PD-nurses in our data set were only
available at the hospital level, and because membership of ParkinsonNet is individual,
we excluded the neurology DRGs from this analysis. Subsequently, we performed an
additional linear regression analysis on the log-transformed density scores to identify if
there was a correlation between the log-transformed density score and the percentage of
visits to ParkinsonNet healthcare providers. The variables ‘number of healthcare providers
per patient’ and ‘the average number of patients per provider in the patients network’
were added as independent variables, since they influence the dependent variable (logtransformed density score). After exclusion of the hospital claims and exclusion of patients
with (then) zero, one or an unknown number of healthcare providers, 36,639 patients could
be included in this linear regression model.

Results
Variation in density
The average density score varied considerably. At the individual patient level, the average
score was 6.7 (SD: 8.2). At the level of hospital populations, it was 3.9 (SD: 1.8). This
difference in average scores arose because many hospitals had very few patients assigned
(17 hospitals had less than 100 patients). The t-SNE visualization of the variation between
hospital populations is shown in Figure 2. For the top three hospital populations, providers
shared more patients with the hospital (bigger dots) and also with each other (more clusters,
more darker lines).
Regression models on health outcomes, utilization and costs
Table 3 shows that higher density scores were associated with lower incidences of PDrelated complications (OR: 0.901, p-value <0.001). A doubling of the density score was
associated with lower odds of complications of approximately 1-2^log(0.901) ≈ 7.0%. In a
similar way, denser networks were associated with a lower occurrence of pneumonias and
orthopaedic injuries, but not with lower PD-related hospitalization. A higher density score
also tended to be related to lower mortality but this just missed statistical significance (OR:
0.962, p-value: 0.052).
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Ethical approval
This study was approved by the institutional review board of the Radboud University Medical
Centre with a waiver of consent for participants in the study (file number 2019-5106).
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Each dot represents a provider; the colour represents provider type; the size of the dot represents the number of shared patients with the hospital (the
hospital itself is not shown); lines and relative location between the dots represent the number shared patients with each other (only when 10+ patients
are shared, a line is shown; when more patients are shared, the line is darker).

Figure 2. t-SNE visualization of top three and bottom three hospital populations in terms of average density scores.
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Higher density scores were associated with more frequent involvement of neurologists,
physiotherapists and occupational therapists (coefficients of 0.068, 0.052 and 0.048 respectively,
p-values all <0.001), but to less frequent involvement of psychologists (coefficient of -0.032;
p-value 0.029). A doubling of the density score was associated with an increase of approximately
1-2^0.068 ≈ 4.8%, 1-2^0.052 ≈ 3.7% and 1-2^0.052 ≈ 3.4%, for neurologist, physiotherapist and
occupational therapist utilization, respectively. Similarly, an exponential increase in density score
was associated with decreased psychologist utilization of approximately 1-2^-0.032 ≈ 2.2%. For
speech & language therapists and dieticians we found no associations.
Table 3. Adjusted estimates relating log(density score) to health outcomes, healthcare utilization and
healthcare costs.
Health outcomes

Odds ratios Confidence interval

P-value

Incidence of pneumonia

0.926

0.889 – 0.964

<0.001

Incidence of orthopedic injuries

0.899

0.864 – 0.936

<0.001

Incidence of PD-related hospitalizations

1.023

0.971 – 1.079

0.392

Incidence of all PD-related complications

0.901

0.862 – 0.941

<0.001

Mortality

0.962

0.926 – 1.000

0.052

Healthcare utilization

Coefficients

Confidence interval

P-value

Log-transformed neurologist utilization

0.068

0.062 – 0.075

<0.001

Log-transformed physiotherapist utilization

0.052

0.038 – 0.065

<0.001

Log-transformed occupational utilization

0.048

0.028 – 0.068

<0.001

Log-transformed speech & language therapist utilization

0.024

-0.009 – 0.057

0.156

Log-transformed dietician utilization

-0.013

-0.043 – 0.017

0.409

Log-transformed psychology utilization

-0.032

-0.061 – -0.003

0.029

Healthcare costs

Coefficients

Confidence interval

P-value

Log-transformed costs excluding claims for complications

-0.018

-0.031 – -0.006

0.005

Log-transformed costs including claims for complications

-0.030

-0.043 – -0.018

<0.001

All values are adjusted for the effects of age, sex, the duration of the disease, the number of healthcare
providers per patient, the average number of patients per healthcare provider in the patient’s network
and the differences in follow-up time.

Healthcare costs seemed to be negatively associated with density scores (Table 3). A
doubling of the density score was associated with reduced healthcare costs of approximately
1-2^-0.018 ≈ 1.2% (complications excluded) to 1-2^-0.030 ≈ 2.1% (complications included).
Compared to the average healthcare costs for PD (Table 1), this would equate to an annual
reduction of $24,06 to $45,22 per patient (over 48,769 patients, this corresponds with $1.2
million to $2.2 million). All regression analyses on health outcomes, healthcare utilization,
and healthcare costs are included in appendix A, B and C.
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Incidence of PD-related complications
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Secondary analysis
A high percentage of visits to ParkinsonNet members was associated with higher density scores
(coefficient of 1.164; p-value <0.001). Patients who exclusively consulted ParkinsonNet professionals
had an approximately exp(1,164) ≈ 3.2 times higher density score compared to patients who never
consulted ParkinsonNet members. The linear regression analysis is included as appendix D.

Discussion
Our aim was to identify whether provider networks for individual PD patients differ in density
and, if so, whether denser provider networks would be associated with higher value of care.
These questions were addressed in a unique cohort of all PD patients in the Netherlands followed
over a 5-year timeframe. Several findings emerged. First, we identified substantial differences
in the density scores between patient-sharing networks. These differences were found both at
the level of the individual patient and at the level of hospital populations. Second, our analyses
show that denser networks are associated with a lower occurrence of PD-related complications,
especially fewer pneumonias and orthopaedic injuries, and with a tendency towards a lower
mortality. Third, denser networks are associated with more common involvement of neurologists,
physiotherapists and occupational therapist services, but also with somewhat lower utilization
of psychologists. Fourth, denser networks are associated with a small decrease in healthcare
costs for PD management. Finally, our secondary analysis shows a strong correlation between
the density score and the percentage of visits to providers associated with ParkinsonNet, a Dutch
network of specialised healthcare professionals. This suggests that the observed effects might be
influenced by the efforts of this integrated network approach.
Comparison of our study to previous studies is difficult, since no prior work assessed
network densities nor their effects in a PD context. Two large studies about the density of
patient-sharing networks in the US showed no impact on quality of care, while healthcare
utilization and costs increased.20,21 Both studies focused on the densities of general Medicare
insured patients, rather than on patients with chronic conditions for whom the bests results
can be expected. When focusing on patients with chronic conditions, the average density
values that we identified at the individual patient level are comparable with density values
of patient-sharing networks of patients with diabetes, congestive heart failure, COPD and
cancer.3,22,23 This supports the validity of our approach. Research on these other chronic
conditions identified similar associations between care density and health outcomes:
cancer survivors with denser networks are hospitalized less often,22 while diabetes patients
with denser networks have a lower risk of being readmitted to hospital and to experience
potentially avoidable complications.23 The last study found no positive associations in the
context of congestive health failure and COPD, and even found negative associations with
some other quality measures. Additionally, denser networks have been linked to reduced
healthcare costs for patients with congestive heart failure,3 diabetes3 and cancer.22
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Our method has several strengths. First, we followed a clear and predefined set of analyses.
Second, our dataset contained all diagnosed patients in the country, which limits the risk of
selection bias. However, some selection bias might have been introduced because inclusion
was based on the PD DRG. Our sample may have included cases for whom the initial diagnosis
of PD turned out to be incorrect. PD can be difficult to diagnose in early disease stages, with
reported diagnostic error rates of >10%,24 e.g. because forms of atypical parkinsonism can
present like PD.25 Because our sample matches well with the population characteristics of
other studies in terms of prevalence,25 age,13,25 division of sex13,25,26 and healthcare use,13
we do not think this has greatly affected our findings. And more importantly, a certain rate
of misdiagnosis is a reality in daily clinical practice, so our findings are pragmatic in the
sense that they apply to a real-life population of patients with both PD and parkinsonism.
Another strength is that our study was based on highly standardized claims data. These
data are a fair representation of the care provided, even though there is not a 100% match:
mis-registrations or non-registrations can occur, as well as errors during the process of data
registration by a healthcare professional or during the transfer of hospital data to the current
database. However, we only used items that are known by Vektis to be reliable (personal
communication). A further strength is that we had a rather long follow-up relative to
previous studies with a comparable approach. Finally, by using regression models, we did
not have to divide our study sample into groups of lower or higher density values. This way,
we avoided loss of data, making the analyses more accurate.
Our study also had some limitations, some of which relate to the generic limitations of
observational studies of large data sets.27 For example, not all analysed claims were PDspecific, and this could lead to an overestimation of utilization and costs. Second, it was
technically impossible to assess the duration of the disease when a patient had received the
diagnosis before January 1st, 2008, which might have influenced our estimates for disease
duration. A third limitation is that we faced many (arbitrary) decisions when defining our
methods. There are other models for assessing care density, for example, the model of
Landon.2 We preferred the method of Pollack et al. since it uses the patient’s perspective,
rather than the provider’s perspective.3 Another methodological decision included the
assignment of patients to a hospital, but not to other providers. For all such decisions,
we tried to choose methods that had been used in previous research. However, given the
limited PD-specific literature available for this topic, this was not always possible. A final
limitation is that our analyses did not adjust for correlations within hospital populations.
However, we expect these correlations to be only small. This was corroborated by repeating
the analyses using generalized estimating equations, which resulted in small estimated
correlations between the residuals of patients within a hospital and little effect on the
estimated coefficients in the models.
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Our findings suggest that investing in the density of patient-sharing networks has the
potential to increase the value of care for individual patients with PD. For individual
healthcare providers, investing in density can be achieved by increasing the caseload of
unique patients with PD, which in turn might lead to greater expertise. At the level of the
patient population, this increased expertise might lead to better value of care and less
medical practice variation. Such variations in care delivery are frequently reported in PD,28-30
but these are obviously unwanted as it leads to inequality in access to good care for different
patients. And more importantly, a higher density was associated with better value of care
and with better outcomes and lower costs. We therefore recommend that density scores
be considered as a quality measure for network organizations. At the level of societies,
density scores might act a new tool for research on medical practice variation, or as an aid
for contracting strategies of health care insurance companies. Further research might assess
if this is only applies to PD, or whether such an approach can also be extrapolated to other
chronic neurological conditions.
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Parameters of regression on log-transformed healthcare costs (adjusted).
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“Much of the variation in use of healthcare is accounted for by the willingness and
ability of doctors to offer treatment rather than differences in illness or patient
preference. Identifying and reducing such variation should be a
priority for providers.”
John Wennberg

Chapter 7
General discussion
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The aims of this thesis were to give insight into the first two phases of the improvement
cycle linked to medical practice variation research: ‘signal’ and ‘explain’. Information on the
improvement cycle has been discussed in the introduction chapter of this thesis but, in
short, it aims at signaling and explaining unwarranted variation and ultimately improve care
ensuring that people are given the right care in the right place at the right time. In the
‘signal’ phase, healthcare utilization is firstly described on a national level before signaling
whether there is medical practice variation between regions or hospitals. This thesis has
focused on patients with lung or colorectal cancer, chronically ill older adult patients and
patients with Parkinson’s disease. This chapter provides an overview of the answers to the
research questions (see Chapter 1) and places them in a broader context.
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Overview of the main findings
The findings for each of the formulated research questions (RQ) in the signal and explain
phases of the improvement cycle are described below.
Signal
In the first phase of the improvement cycle we mapped out the healthcare utilization on a
national level. We then investigated whether medical practice variation was present. We
did this for both patients with 1) lung and colorectal cancer and 2) chronically ill older adult
patients.

In Chapter 3, we described the post-discharge healthcare utilization of chronically ill older
adults. However, in this chapter, we started off by attempting to identify frail elderly patients.
We defined frail elderly as 75 or older, incontinent and with medication use for at least two
chronic conditions. We identified 8.7% of all elderly as likely to be frail. This is much lower
than the percentages of frailty found in the literature and underpins the belief that the best
way to identify frail older adults is by performing a comprehensive geriatric assessment.
Thus, in order to not confuse existing literature we chose to abstain from using the term
‘frail’ for our subjects and will refer to them as chronically ill older adult patients. Our
analyses show that more than half of all chronically ill older adult patients are readmitted
to the hospital and 12% were admitted to the ER within six months after discharge. In this
same time period, less than half use the services of a community nurse, and utilization of
long-term care is low. Of all the clinically admitted chronically ill older adult patients, 32%
does not receive any aftercare in the form of long-term care, home care or rehabilitative
care in the first 90 days after discharge from hospital. Of these, 7% died in the first 3 months
and 20% was readmitted within the period of 3 to 6 months after discharge. Chronically ill
older adult patients admitted due to heart failure or cardiac arrhythmia were mostly not
provided aftercare. In addition, 11% of the patients discharged after a hip fracture did not
receive any follow-up care in the first 90 days after discharge from the hospital. Of those,
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Healthcare utilization (RQ 1&2)
In Chapter 2, the healthcare utilization of Dutch lung and colorectal cancer patients during
the last six months of life is described. We observed a decrease in the number of patients
undergoing cancer-specific treatments such as chemotherapy, radiotherapy and surgeries.
However, the number of treatments increases as death nears. The general volume of care in
the final phase of life also increases: patients with lung cancer or colorectal cancer are more
often admitted to hospital and the ICU as death nears. The amount of registered palliative
care in the hospital is low. Also, receiving radiotherapy or chemotherapy in the last month
of life is associated with an increased utilization of emergency room (ER) and intensive care
unit (ICU) contacts in lung cancer patients.

Chapter 7

21% died in the first 3 months and 13% was readmitted in the period of 3 to 6 months after
discharge. Chronically ill older adult patients without aftercare die less often within the first
6 months after discharge compared to elderly with aftercare.
Medical practice variation (RQ 3&4)
The results in Chapter 4 show that hospital care utilization during the last six months of life
of patients with lung cancer varies regionally over the course of three consecutive years
(2013-2015). The magnitude of this variation also seems to increase. The utilization of
hospital services in high-using regions is 2.3-3.6 times higher than in regions with low use.
In Chapter 5, we analyzed the degree of variation in the utilization of acute healthcare
and the provision of aftercare. Specifically of interest were hospital admissions, ICU days
and ER contacts and the provision of long-term care, general practitioner’s (GP) care and
community nursing. We found that the variation in all investigated types of treatments and
care does not vary much for these patients.
Explain
In Chapters 4, 5 and 6, we have examined two factors that could potentially explain (part of)
the variation patterns we observed in our studied subjects. These were the phenomenon of
substitution of care from the hospital to the primary care sector (and vice versa) (H1) and
the degree of coordination of care on a patient-provider network level (H2). We found that
neither of these factors could explain the variation we observed in the patients at study.
Substitution by primary care services decreases the utilization of secondary care (|RQ 5)
We hypothesized that, on a regional level, more provision of primary care (GP visits and
consultations, and long-term home care) is associated with less acute hospital healthcare
utilization such as hospital admissions and ER contacts. However, we found no correlation
between a) the number of patients in a region with hospital admissions and ER contacts and
b) the number of patients with a GP visit or consultation, or long-term home-care.
Coordination of care (RQ 6&7)
Research has already shown in other settings that a better coordination of care can lead to
lower costs and fewer hospital admissions as healthcare providers who share more mutual
patients also tend to communicate more often with each other. 1,2 We have quantified this
measure of patient sharing with a so called care density score. We hypothesized that a
higher care density (the providers of a specific patient shares more patients with other
providers) would lead to less acute healthcare utilization and better outcomes in general.
From the studies in patients with Parkinson’s disease and chronically ill older adult patients
in Chapters 5 and 6, we conclude that there are differences in the density scores between
patient-sharing networks. These differences are present both at the level of the individual
patient, as well as on the level of hospital populations. Also, the analyses show that denser
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networks are associated with 1) lower occurrence of PD-related complications, especially
with the occurrence of pneumonias and orthopedic injuries, but not with mortality; 2)
higher utilization of neurologists, physiotherapists and occupational therapist services,
but also with lower utilization of psychologists; 3) a decrease in healthcare costs for PD.
The results for chronically ill older adult patients show that 1) denser networks show less
acute post-discharge healthcare utilization but also less provision of aftercare during the
six months after discharge from hospital; 2) patients with a higher care density were on
average younger and had visited fewer care providers compared to patients with a lower
care density.
After adjusting for care density in the medical practice variation analyses, the factor scores,
which depict the magnitude of variation between the included hospitals, did not change. This
indicates that care density does not explain the degree of variation we found in chronically
ill older adult patients during the six months after discharge from hospital.

This paragraph places the main findings in a broader context. First, a reflection on we can
identify and tackle underuse and overuse of care based on our results is given. Second, we
discuss the differences between the magnitudes of variation for patients with lung cancer
and chronically ill older adult patients. Lastly we reflect on the finding that substitution of
care and care density seem to not be associated with medical practice variation and discuss
other possible explanations for the occurrence of medical practice variation in our study
groups.
Using three typologies of care to identify and tackle underuse and overuse of care
Not only pinpointing underuse and overuse of care through signaling variations in medical
practice, but also being aware of the reasons for the occurrence of variation and overuse
and underuse of care (explain) is important. This will aid making strategies in order to
improve the quality of care. Wennberg and colleagues have formulated a framework for
three typologies of care: effective, preference-sensitive and supply-sensitive care. These
typologies are used to give insight into the reasons for unwarranted variation and can be
useful to provide strategies to reduce this. Until now, this framework has mainly been used
to provide strategies to deal with unwarranted variation for elective surgeries and hospital
admissions. Elective treatments are most often considered supply-sensitive as the presence
and attitude of doctors and available beds and equipment play a more prominent role in
for instance the decision to operate or not. From previous research it is however unclear
how the framework can be used to categorize all medical treatments, especially for chronic
conditions.3 In this paragraph, we will try to apply this framework to the healthcare utilized
by our study groups and reflect on the appropriateness of the healthcare utilization.
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Broader context of findings
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Even though the distinction between preference-sensitive care and supply-sensitive care is
not always easy to make, research has shown that physician visits, hospitalizations, intensive
care unit (ICU) admissions, and diagnostic imaging services are common examples of
supply-sensitive hospital services. For instance, in the Study to Understand Prognoses and
Preferences for Outcomes and Risks of Treatments (SUPPORT) the local bed supply, rather
than patient preferences, explained the differences in end-of-life care among patients.4
Studies have also shown that physicians adapt their admission and discharge decisions to
the availability of intensive care unit beds, admitting more patients with less severe illness
and extending length of stay when more beds are available.5Finally, it is known that regions
with high rates of use of supply-sensitive care do not have better overall outcomes as
measured by mortality and indicators of the quality of care.6,7 Also, as hospital admissions
have a huge effect on the patient, family and carers, we can assume that patients most likely
do not want to be admitted to a hospital, let alone spend their final days there.8,9 All this
evidence therefore suggests that the problem of hospital admissions is most likely overuse.
We argue that it is likely that patient’s wishes are not always respected and that the number
of physicians and beds are more decisive for the care that patients receive at the end of life.
For care that is more prone to patient’s preferences, the magnitude of variation we
observed could be due to regional differences in patients wishes or uncertainty regarding
the most optimal treatment options. Especially since guidelines on end-of-life care highlight
the importance of delivering high-quality care by addressing patient’s wishes,10,11 but do
not give straightforward solutions as how to do this because it is very case-dependent.
Unfortunately a recent study shows that the most important factor in explaining variations
is a physician’s belief about the efficacy of a treatment, which is not always supported
by clinical evidence.12 This explains why some physicians practice very aggressively while
other tend to treat end-of-life patients with palliative care, resulting in variations in medical
practice. In their study, Cutler et al, nicely refer to these differing practice styles as cowboys
and comforters. Providers (too) infrequently discuss end-of-life options with (terminally-ill)
patients in a timely manner which could lead to the provision of more care than wanted.13,14
In order to prevent this, it is important to include patients as early as possible in the decision
making process, for instance at time of diagnosis. Advance care planning (ACP) can play an
important role in this, as timely discussions regarding the patient’s wishes are discussed,15-17
especially since lung cancer is still an incurable illness where every patient will be faced
with these important decisions and because there is still much uncertainty regarding best
practice. It depends on the individual situation what constitutes appropriate care. Something
that seems warranted at the time might prove to be unwarranted in hindsight.

130

General discussion

Even though this categorization of conditions is developed based on hospitalizations, our
results could indicate that patients with lung cancer at the end of life are a high-variation
patient group, and chronically ill older adult patients discharged from hospital are a low
variation group. This would subsequently mean that there is more uncertainty regarding
treatments for lung cancer patients at the end of life as opposed to chronically ill older
adult patients and the care provided after hospital discharge. However, research shows
that especially frail elderly who are hospitalized, are more likely to die due to functional
decline.23-26 Therefore, even though the degree of variation is low, it does not mean that the
actual care provided is adequate and that the number of readmissions is a reflection of the
need. Analyzing subgroups of chronically ill older adult patients and relating outcomes to
the care provided could give more insight into underlying mechanisms.
Other explanations for the occurrence of medical practice variation
From our results we cannot conclude that the patterns of variation in medical practice are
explained through the supply factors of substitution between healthcare sectors, and the
degree (or lack) of coordination of care. This is contradictive to the findings of another study,
where less underuse is seen in regions, where specialists, primary care doctors, and others
practise “team medicine.” There is also less underuse in regions where care may be easier
to coordinate: those that have fewer doctors managing the care of chronically ill patients
and have more primary care doctors relative to the number of specialists. We believe that
other (case-mix) factors that we were unable to adjust for, for instance illness severity,
most likely play a role in this contradictive finding.28 Apart from this, the observed medical
27
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The magnitude of variation differs between conditions
A lot of studies have described the existence and persistence of substantial variations in
medical practice. Our results for chronically ill older adult patients, (P95/ P5 factor score for
each treatment <2, a factor score of 2 or higher is deemed large18), show that variation does
not always have to be large. Previous research has posed that the magnitude of variation
depends on the condition at study. Older studies have made a distinction between lowvariation conditions and high-variation conditions based on variations in hospitalization
rates. Low variation conditions are those where hospital admission rates appear to reflect
population illness rates (need) since there is little difficulty making the diagnosis, patients
always seek care, and hospital admission is desirable.19-21 Examples of low-variation
conditions are hip fracture and myocardial infarction.22 High variation medical conditions
are conditions for which there is little medical consensus on the need for hospitalization.
Examples of high-variation conditions for hospitalizations are diabetes or COPD.22 The
difference in magnitudes of variation might not only be an issue between illnesses and
conditions, but also between different types or care used and provided. A type of care with
low levels of uncertainty is less likely to vary as opposed to one where there is no consensus
regarding the effectiveness of use.
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practice variation could be a reflection of how patient preferences differ between regions
and hospitals. Both of these factors are usually not seen as unwarranted, although this can
be debated.
Apart from the warranted variation, part of the variation we observed is likely unwarranted.
One explanation for unwarranted medical practice variation known from literature is that
healthcare providers tend to adapt to each other’s practice styles, especially in the case
of professional uncertainty.29-31 This is referred to as the practice style hypothesis. This
hypothesis suggests that in one region, healthcare providers could be more likely to provide
palliative care for cancer patients or aftercare after a hospital admission for chronically ill
older adult patients than in other regions because there are a couple of doctors who have
implemented this practice style (again, the cowboys versus the comforters). Research has
shown that, in order to support the practice style hypothesis, healthcare providers need to
actually coordinate their care and see one another’s decisions for multiple cases.32 Therefore,
mere coordination of care does not in itself guarantee best practice, communication is
necessary. We reckon that different practice styles is a probable issue in the end-of-life
care for patients with lung cancer, as this seems to be a high-variation condition where
uncertainty is more likely an issue. Nonetheless, we do not rule out the possibility that there
are differences in practice styles for chronically ill older adult patients. It would seem that
more is needed than just coordination of care across the full chain of care in order to reduce
unwarranted variation.

Methodological considerations
In this thesis, we have taken the first steps in determining the occurrence of inappropriate
care in different patient groups through describing healthcare utilization, signaling medical
practice variation and exploring factors that might explain the patterns we found. In the
next paragraphs, three methodological issues are discussed: the strengths and limitations
of using administrative data, the implications of the methodology for medical practice
variation analyses and the implications for the care density methodology.
Administrative data
For all studies, we used administrative claims data on a healthcare activity level. The use
of these data enabled us to analyse health care utilization at a very detailed level. Also,
in most cases we were able to analyze the full chain of healthcare. Despite of these
advantages, there were some drawbacks that we encountered. For instance, some casemix factors could not be derived from the claims data, such as ethnicity, comorbidities, the
treatment aim and cancer staging of the patients with cancer. These factors are important
as it would give more insight into possible explanations for the healthcare utilization and
patterns of variation. Research has shown that differences among regions, for instance in
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the prevalence of chronic illness, do not fully explain variation in the frequency of physician
visits, hospitalizations, and other forms of supply-sensitive care. The same is the case for
demographic factors such as age, gender, and race.27

Medical practice variation methodology
Apart from including treatments that do not occur in specific units of interest, including
treatments that are performed in too few patients per region/hospital (based on the
reference population) can cause small sample variation. This can lead to false estimates of
the medical practice variation scores. To avoid small sample variation, we excluded regions
and hospitals from the variation analysis if less than 30 patients (based on the reference
population) were appointed to this unit of interest. The medical practice variation scores are
influenced by the number of observations. We therefore chose to present both the factor
scores as well as the absolute difference between the scores.
To quantify the degree of variation, we calculated factor scores. Other studies have calculated
a factor between the extreme values of the medical practice variation scores.33 We argue
that this method is prone to outliers as these values could more likely be due to chance,
and be very different if measured in a different time-period. Therefore, we calculated factor
scores based on the 5th and 95th percentile. We also measured factor scores over multiple
years when possible. When a region or hospital shows a high or low score for multiple years,
the possibility that the calculated medical practice variation score is due to chance becomes
smaller. We believe both these measures have led to a more valid estimate of the degree
of variation
Care density methodology
We have used a validated method to measure the coordination between providers. However,
there are some things to take into account when interpreting the results. First, the results
are specific for chronically ill older adult patients who have been discharged from hospital
and were provided any type of care during the six month follow-up period or the Parkinson
patients who were followed up for five years. Second, as we could only include chronically ill
older adult patients from one health insurer, we have underestimated the actual number of
patients shared for providers. Third, when a measure for coordination is used based on fielddata and actual coordination between providers, perhaps the results would be different.
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Also, in our studies we were not able to discern the warranted from the unwarranted
variation and subsequently to pinpoint the services that were inappropriately provided.
Before we can draw conclusions regarding the appropriateness of care we have to take into
account the fact that registered healthcare does not always necessarily reflect the actual
healthcare supplied. For instance, a lack of registration of palliative care does not mean that
it was not provided. Therefore, even though other studies back this up (REF), stating there
is underuse of palliative care from our studies alone is difficult.
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The method we used in Chapters 5 and 6 fairs on the assumption that providers who share
more patients also tend to coordinate more often. Prior work has validated that physicians,
with higher levels of patient-sharing in claims data, are more likely to seek advice from
one another, have referral relationships, and work in the same practice.34 In this context,
patient sharing is likely to reflect higher levels of information exchange and interactive
communication. It is therefore plausible that patients who see doctors with higher numbers
of shared patients may receive better coordinated care. Nonetheless, caution must be taken
when interpreting the results—having a high number of shared patients does not indicate
that two physicians are necessarily exchanging information about a particular patient. Even
though research has shown that physicians who share patients were far more likely to be
based at the same hospital and practiced in close proximity to one another,35 we must
pose the question: can we really assume that sharing more patients indeed leads to better
coordination of care?
Nevertheless, the patient-sharing approach can be a useful tool in the (re)formation of
formal networks such as ParkinsonNet and DementiaNet. Discerning the organic, natural
networks where providers already share patients, can help in forming networks where
physicians already have a history of working with each other, and likely have evolved natural
communication channels. Insurers and policy makers who want to influence physician
behavior might therefore find it more efficient to identify networks in this fashion.34

Improve
This thesis has not performed any research regarding the final step of the improvement
cycle. However, in medical practice variation research it is important to identify patterns and
variations in healthcare utilization to be able to realize improvements in the organization of
care. Therefore we briefly reflect on this final phase of the improvement cycle by discussing
strategies for the ‘improve’ phase.
Dissemination of knowledge
In the Netherlands, multiple reports on medical practice variation in elective surgeries have
been published.36-38 This has stimulated discussion amongst the government, healthcare
insurers, and amongst medical specialists, but not sufficiently in order to actually decrease
unwarranted variations. One specific example is the publication of our own results regarding
the healthcare utilization and medical practice variation of Dutch patients with lung and
colorectal cancer. From our results, the involved medical experts indicated that the amount
of hospital palliative care was low, especially as palliative care consultations are an important
part of the end-of-life care. They are a part of advanced care planning (ACP) and are a way of
giving the patient a more central role in their healthcare and medical decisions surrounding
the end of life.39 Studies have shown that ACP is able to improve compliance with patients’
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end-of-life wishes and patients’ and their families’ satisfaction with care, that it reduces
family stress, anxiety and depression,15-17 that it can improve the quality of life and survival
compared to standard care,17 and that it can significantly lower healthcare costs.40,41
Our findings were then reported back to the Dutch National Health Care Institute (ZIN),
who commissioned the project. ZIN used our findings, together with the findings of other
research, to compile a report stating where improvements with regard to appropriate care
could be made. This included the recommendation that ACP is important and timely end-oflife discussions need to take place in patients with lung and colorectal cancer.

To disseminate our results further and highlight the importance of our findings and medical
practice variation research in general, we published our results in international peerreviewed journals and presented our findings at international conferences. Also, two articles
are published in Zorgvisie (REF REF) about the healthcare utilization and its implications
at the end of life of patients with lung and colorectal cancer. However, when publishing
our results, we came across another area for improvement: the lack of legal permission
to publish the medical practice variation analyses on a (pseudonymized) hospital level. In
order to explain between-hospital variation patterns, it is important to know how hospitals
perform the way do and why they do so. This has resulted in reaction from medical doctors,
who underpin our findings and the importance of transparency.42,43 Unfortunately, no policy
changes have been made as to this day that would make it possible to publish results on the
level of hospitals, including their name.
Other strategies for improvement
Other actions apart from publishing the results are necessary to spur change.44 Examples
of these actions are campaigns to promote shared decision-making and initiatives to better
organize and coordinate care. In the Netherlands, a few interventions with regards to
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This is a great example where signaling and explaining healthcare utilization and variation
patterns has led to actually pinpointing areas for improvement. However, it does not end
there; the improvement cycle is a continuous process. This means that after implementation
of these recommendations, continuous monitoring needs to be done to assess effectiveness
and additional research and adjustments are necessary in the case of unsatisfactory outcomes.
Ideally, the same process would take place for the chronically ill older adult patients. Our
findings imply that there might be underuse of home care after hospital discharge for a
proportion of all chronically ill older adult patients and of those with a hip fracture. From
this finding, and after further explanations of these patterns, recommendations could be
made with regards to the organization of home care for chronically ill older adult patients
after their hospital discharge. However, we believe more research is necessary to be able to
pinpoint specific areas for improvement.
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shared decision-making have been implemented. Examples of these interventions are the
campaigns ‘three good questions’, and ‘Choosing Wisely’ and the development of ‘decision
aids’.45-47 These campaigns are aimed at disseminating information and tools among doctors
and patients. This facilitates them to come to high-value treatment decisions. Also, provider
reports cards can potentially reduce low-value care. In theory, consumers will choose highvalue providers when given information on value, forcing low-value care providers to alter
their practices to compete in the marketplace.48 However, patients must be able to easily
access the information.
All in all, a systematic review reveals that multi-component interventions addressing both
the patient and the provider roles in overuse have the greatest potential to reduce use
of low-value care.48 Information regarding variation needs to be shared among healthcare
providers and other stakeholders. Healthcare providers will have to understand why there
is variation and learn from one another, making their participation crucial. It is important
for them to actively measure the result of the care provided, to contribute to research
on medical practice variation, and to help explain the patterns. They can also include the
insights gained about (cost-) ineffective or unnecessary care in guidelines and discussions in
education. Stakeholders may use information extracted from these studies as a framework
for interventions designed to minimize variation, hence implicitly assuming that they
are not warranted. Health insurers can in turn support initiatives in the field of medical
practice variation by supplying data. They can also contribute to creating a (financially) safe
environment for healthcare providers. Only in such an environment is it likely that care
providers are willing to take up the theme of medical practice variation and change behavior.
Fiscal implications
Research into medical practice variation can give insight into the quality and appropriateness
of care that is provided for multiple patient groups. Studies investigating medical practice
variations have been done for over 30 years and show that variation in a lot of treatments
is substantial, indicating that improvements could be made in order to increase the quality
of care. The potential of this type of research in relation to reducing unwanted spending
is however unclear. Even though it seems logical that reducing unwarranted variation and
overtreatment decreases costs, this does not take into account the fact that, in addition to
overtreatment, undertreatment may also occur. To guarantee the quality of care in the case
of underuse it is important to do more instead of less. Therefore, tackling rising healthcare
costs through medical practice variation research is somewhat more complicated and other
strategies are necessary.
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Future research
Additional research is needed in order to fully understand the underlying mechanisms of
the results we found. In this paragraph, a couple of these are highlighted.
First, further study of the causes and consequences of variations is important in order to
separate the unwarranted from the warranted variation and transparency regarding the
outcomes is a must. Therefore, patient preferences should be taken into account, for
instance by doing interviews or case studies. This would give insight into the questions if
chronically ill older adult patients who receive long-term care more often than others, less
often end up in the hospital, and, if the patients at the end-of-life are happy with the care
that is provided?

Finally, another topic on the future research agenda should be to validate whether sharing
patients indeed leads to better coordination between healthcare providers in Dutch
chronically ill older adult patients, or even other patient groups. Subsequently, a richer and
deeper description and understanding of the networks that can be defined is necessary
in order to understand the resulting image. Previous studies have already examined the
association between network characteristics and health care utilization; however the
statistical approaches vary between them, leading to different results. This calls for more
research on how to best measure patient-sharing networks.
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Second, more research focusing on strengthening the science of care delivery to reduce
professional uncertainty could aid in pinpointing the causes of unwarranted variation
and in tackling them. Additionally, medical practice variation should be monitored on a
regular basis, in accordance with the improvement cycle. This monitoring could best be
accommodated in a ‘national atlas on costs, use and result of care’, which shows the extent to
which there is regional variation. It is obvious that all relevant parties, such as the (national)
government, health insurers, professional groups, care providers, patient associations and
research institutes, participate in this.
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Summary
Differences between regions and hospitals in the use and in the supply of healthcare have
been described in detail in the literature. It means that the care that a person receives is
partly dependent on which hospital a person visits or in which region that person lives.
This phenomenon is known as medical practice variation and has been investigated for
many years. The occurrence of unwarranted variation in healthcare can be an indication of
overuse or underuse of services and tackling it has been linked to better health outcomes,
quality of care and lower costs.

The medical practice variation research, certainly in the Netherlands, has so far focused
mainly on hospital admissions and elective surgical treatments that take place in the
hospital. Examples are knee replacement operations and surgery for carpal tunnel syndrome.
Hardly any research has been done into the degree of medical practice variation in chronic
disorders or long-term illnesses. This thesis focuses on mapping the healthcare utilization
and signaling the medical practice variation for certain groups of chronic patients (patients
with lung cancer, colorectal cancer, Parkinson’s disease and older adults with any two or
more chronic conditions). To do so, we have used the framework regarding the so called
improvement cycle for medical practice variation, which consists of three phases: signaling,
explaining and improving. When commencing our research, we lacked insight into the type
and amount of care that most patients with lung or colorectal cancer receive at the end
of their lives and that chronically ill older adults receive after a clinical admission. We also
do not know whether the use of care differs between regions or hospitals in these patient
groups (signaling). Therefore this thesis aims to provide more insight on these topics. This
thesis also attempts to explain the variation that we have signaled (explaining).
For the first two phases of the improvement cycle, the research questions that are central to
the this thesis are presented below.
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Many countries, such as the United States and England, have mapped the hospital and
regional variation for multiple treatments in a so-called atlas of variation. This mapping, or
signaling, is the first step of the improvement cycle that we linked to research into medical
practice variation. We defined this cycle to comprise of three steps, namely signaling,
interpreting and improving. These steps are necessary to determine whether healthcare
is appropriately organized in order to prevent adverse outcomes and come to actual
improvements.
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Signal - Healthcare utilization
• What is the healthcare utilization of activity-based hospital data at the end of life for
lung and colorectal cancer patients?
• What is the post-discharge healthcare utilization of chronically ill older adult patients
during the first six months after hospital discharge?
Signal - Medical practice variation
• To what extent is regional variation in hospital healthcare utilization present at the endof-life for patients with lung cancer? And is it present over multiple years?
• To what extent is between-hospital variation in post-discharge healthcare utilization
present for chronically ill older adult patients discharged from the hospital?
Explain - Substitution
• Is regional variation in hospital care at the End-of-life of Dutch patients with lung cancer
correlated with primary and long-term care?
Explain - Coordination
• Is the degree of coordination, based on patient sharing, of a chronically ill older adult
patient-provider network of influence on the post-discharge healthcare utilization and
variation in this healthcare?
• Is the degree of coordination, based on patient sharing, of a patient’s provider network
of influence on healthcare utilization, quality of care, and costs in patients with
Parkinson’s disease?
Alongside these research questions, we have formulated two hypotheses regarding the
explanations for any medical practice variation.
H1. The amount of care in the hospital depends on the amount of care delivered in the
primary care sector. Specifically, we expect that more primary care in one region is related
to less hospital care in this same region and vice versa.
H2. The care provided after hospital discharge for chronically ill older adult patients depends
on the degree of coordination of care provided by a patient’s care providers. Specifically, we
expect that a better coordination, based on patient-sharing, leads to less acute use of care
and better outcomes after hospitalization for chronically ill older adult patients and patients
with Parkinson’s. In addition, we expect that differences in care use and aftercare between
hospitals can be explained by the degree of coordination of care provided by chronically ill
older adult patients’ care providers.
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Both hypotheses relate to the substitution and coordination of care and their potential
contribution to medical practice variation. Both topics are important when addressing the
quality and organization of care for the chronically ill patient. The first hypothesis is based on
the assumption that substitution of hospital care with primary care may be more prominent
in some regions than others, and that variation in hospital care utilization is correlated with
the amount of care delivered in the primary care setting.

In Chapter 2, hospital care utilization is described during the last six months of life of Dutch
patients with lung and colorectal cancer who died in 2013, 2014 or 2015. For this purpose, we
used national hospital claims data. The results showed a decrease in the number of patients
receiving cancer-specific treatments, such as chemotherapy, radiotherapy and surgeries.
However, closer to the end, the volume of these and all other treatments increased. In 2015
in the last month of life, a patient with colon cancer was on average admitted to the hospital
for 9.0 days, 5.5 days to the intensive care and had 1.2 emergency admissions. For patients
with lung cancer, this was 8.9, 6.2 and 1.2. The amount of registered palliative care in the
hospital is low (1-4%). Also, receiving radiotherapy or chemotherapy in the last month of life
is associated with an increased utilization of emergency room (ER) and intensive care unit
(ICU) contacts in lung cancer patients. It is important for doctors to be aware of this finding
when they opt for a certain treatment during the last phase of a patient’s life. The wish of
the patient also plays an important role here.
Chapter 3 describes the post-discharge healthcare utilization of chronically ill older adults.
However, in this chapter, we started off by attempting to identify frail elderly patients. We
defined frail elderly as 75 or older, incontinent and with medication use for at least two
chronic conditions. We identified 8.7% of all elderly as likely to be frail. This is much lower
than the percentages of frailty found in the literature and underpins the belief that the best
way to identify frail older adults is by performing a comprehensive geriatric assessment.
Thus, in order to not confuse existing literature we chose to abstain from using the term
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The second hypothesis is based on the fact that better coordination of care is associated
with less acute care, such as hospital admissions. However, this coordination can vary
between different hospitals, regions and networks of care providers, possibly leading to
differences in care use and supply. It is important for chronically ill older adult patients,
patients with Parkinson’s disease and patients with cancer that the coordination of care
between the different care providers is good. These patients often have multiple disorders
and the number of care providers around these patients is large. In addition, the prevalence
of multi-morbidity will only increase in the coming years. Better coordination of care is
associated with less acute care, such as hospital admissions, and more frequent supply of
district nursing. However, this coordination can vary between different hospitals, regions
and networks of care providers, possibly leading to differences in care use and supply.
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‘frail’ for our subjects and will refer to them as chronically ill older adult patients. With the
help of claims data from the largest Dutch health insurer, the total health care utilization and
aftercare trajectory during the six months after discharge from the hospital for our study
population were described. Secondly, for the most common types of aftercare, readmission
and mortality percentages were described during the 90-180 days after discharge from the
hospital. The analyses show that more than half of all chronically ill older adult patients
are admitted to hospital within six months after discharge and 12% end up in the ER. In
the same period, less than half use the services of a community nurse and the use of longterm care is less than 5%. Almost a third (32%) does not receive aftercare in the form of
long-term care, home care or geriatric rehabilitation care in the first 90 days after discharge
from the hospital. This is particularly the case for the chronically ill older adult patients
who are admitted due to heart failure or cardiac arrhythmia. In addition, 11% of the
patients discharged after a hip fracture did not receive any follow-up care in the first 90
days after discharge from the hospital. Of these patients, 12% were readmitted within 6
months. Chronically ill older adult patients with aftercare were more often readmitted and
had higher mortality rates than those without aftercare. Chronically ill older adult patients
without aftercare were also younger, indicating this group may be less needy. However,
whether the care provided is actually appropriate, requires more research.
In Chapter 4, we calculated the medical practice variation scores for the cohort of lung
cancer patients from the study described in Chapter 2. This was done for multiple types of
care delivered in the hospital, such as radiotherapy and chemotherapy, but also for hospital
and ER admissions that took place during the last 6 months of life. The medical practice
variation scores were adjusted for age, gender and socio-economic status. To be able to
express the degree of variation, we calculated factor scores by dividing the medical practice
variation score at the 95th percentile with the score at the 5th percentile (P95 / P5). The
results show that the hospital care utilization during the last 6 months of the life of patients
with lung cancer regionally varies over the course of several years. Based on the P95 / P5
factor scores, the utilization of hospital care in the high-use regions is 2.3 to 3.6 times higher
than in low-use regions. The degree of variation was smallest in 2013 and greatest in 2015
and therefore seems to increase over the years. We hypothesized that, at a regional level,
more primary care provision (visits and consultations with a general practitioner and longterm home care) is associated with less acute hospital use, such as hospital admissions and
admissions to the ER. To test this, we correlated the adjusted regional practice variation
scores for hospital and ER admissions with the number of patients in the same region who
had received a visit or consultation from a general practitioner, or long-term home care in
the last six months of life. From our results we cannot conclude that there is an association
between these types of acute hospital care and primary care, and we must reject the
hypothesis.
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In Chapter 6 the care density in patients with Parkinson’s disease was investigated. A care
density score was calculated for each patient with a similar method as described in Chapter
5. Subsequently, we investigated whether the density of the provider network surrounding
the patient was associated with better health outcomes, less healthcare utilization and
lower costs. The results show that having a higher care density was associated with 1)
fewer Parkinson’s-related complications, especially with the occurrence of pneumonia and
orthopedic injuries, but not with mortality; 2) more use of neurologists, physiotherapists and
occupational therapy services, but also with less use of psychologists; 3) a small decrease in
health insurance costs.
Conclusion
For the first time in the Netherlands, this thesis has mapped the healthcare utilization and
signaled the medical practice variation for care in and outside the hospital for chronically
ill patients. It has also aimed to explain the patterns of variations that have arisen from the
results. The main conclusions of this thesis are:
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In Chapter 5, we calculated the medical practice variation scores for the acute healthcare
utilization and the provision of aftercare for the same chronically ill older adult patients
studied in Chapter 3. Of particular interest were hospital, ICU and ER admissions (acute
healthcare) and the provision of long-term care, general practitioner care and district
nursing (aftercare). After adjusting for age, gender and socio-economic status, it appeared
that there was variation in the utilization of all types of treatments and care provided but
that this did not differ much between hospitals (P95 / P5 factor scores were lower than 2).
In this chapter we also investigated the second hypothesis. To do so, we used a measure
to be able to quantify the coordination of care, called the care density score. The care
density score for an individual patient is calculated based on the number of patients that
its healthcare providers share with each other. The results show that there are differences
in care density between patients, but also between hospital populations. The results also
show that patients with a higher care density show less acute healthcare utilization, but
also receive less aftercare during the six months following discharge from the hospital.
Patients with a higher care density were on average younger and had fewer health care
providers compared to patients with a lower score. To investigate whether the care density
could indeed explain the variation in care, the care density was included as an additional
correction factor in the analyses. We expected that the amount of variation would decrease
after adjusting for this measure. However, the factor scores did not change. We therefore
conclude that the care density does not explain the between-hospital variation in healthcare
utilization of chronically ill older adult patients during the six months after discharge from
the hospital.
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Signal - Healthcare utilization
• As death nears, the number of lung and colorectal cancer patients receiving hospital
care decreases, however the intensity (volume per month) of care increases.
• Less than 2% of all patients with lung and colorectal cancer have a palliative care team
consultation in their last month of life.
• Almost a third (31.7%) of all chronically ill older adult patients does and 11.4% of the
chronically ill older adult patients admitted with a hip fracture do not receive any type
of aftercare in the form of long-term care, home care or rehabilitative care within the
first 90 days after discharge from hospital.
Signal - Medical practice variation
• Substantial variation in medical practice at the end of life for lung cancer patients exists
and seems to increase over the years.
• The variation of post-discharge healthcare utilization and provision for chronically ill
older adult patients varies between hospitals with less than a factor 2.
Explain - Substitution
• The variation in hospital admissions and ER contacts is not correlated with the amount
of GP visits or consultations or long-term home-care on a regional level.
Explain - Coordination
• A higher care density leads to lower costs, better outcomes and less care-use in patients
with Parkinson’s disease.
• Care density is not associated with medical practice variation in chronically ill older
adult patients who are discharged from hospital.
Our results indicate that under-use of care in the patient groups studied is likely.
Unfortunately, it is difficult to differentiate the appropriate from the inappropriate care
based on our research. There are, however, several studies that have also shown that often
too little palliative care is provided and that the deployment of a neighborhood nurse can
prevent adverse outcomes in elderly people. Our results indicate that medical practice
variation patterns cannot be explained by substitution of care or the degree of coordination
of care. This is in contradiction with an earlier study, where less under-use of care was seen
at the time that different professionals were participating in team medicine. This study also
shows that there is less under-use in regions where fewer healthcare professionals practice
their profession and there are many general practitioners compared to medical specialists.
We therefore expect that there are other factors that play a role in explaining the practical
variation found and further research is needed to identify it.
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In future, it remains important to disseminate knowledge and new information about
healthcare utilization and medical practice variation between researchers, medical
professionals, healthcare providers and other stakeholders. It is important to actively
measure the outcome of the care provided, to contribute to research and to help explain
the patterns. This ensures that the right strategies to reduce unwarranted variation to
improve the quality of care can be implemented. The insights gained about (cost) ineffective
or unnecessary care can also be included in guidelines and discussions in education. Clear
guidelines with regards to hospital admissions, aftercare or follow-up treatment can lead to
less uncertainty about treatments, less unnecessary care and less practice variation. Only in
this way is it possible to use practice variation research to improve the quality of care.
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This thesis has not performed any research regarding tackling unwarranted medical practice
variation in order to improve the health care utilization patterns, which is the final step
of the improvement cycle. We have already mentioned that in medical practice variation
research it is important to identify patterns and variations in healthcare utilization to be
able to attain improvements in the organization of care. Therefore we briefly reflect on this
final phase of the improvement cycle in regards to our findings. In the case of the medical
practice variation study on lung cancer patients, an improvement signal has been drawn
up by the Dutch National Healthcare Institute. An important recommendation here is that
there is a role for the timely use of advance care planning preferably at time of diagnosis
of a terminal illness. Advance care planning ensures that the wishes of the patient can
be discussed timely with the patient and family members. This is a great example where
signaling and explaining healthcare utilization and variation patterns has led to actually
pinpointing areas for improvement. However, it does not end there; the improvement cycle
is a continuous process. This means that after implementation of these recommendations,
continuous monitoring needs to be done to assess effectiveness and additional research
and adjustments are necessary in the case of unsatisfactory outcomes. Ideally, the same
process would take place for the chronically ill older adult patients. Our findings first require
further explanation of the observed patterns. Only then recommendations could be made
with regards to the organization of care for chronically ill older adult patients after their
hospital discharge.

Chapter 8

152

Samenvatting

Samenvatting
Dat er verschillen zijn in zorggebruik en aanbod voor vergelijkbare patiënten tussen regio’s
en ziekenhuizen is bekend en uitvoerig beschreven in de literatuur. Het betekent dat de zorg
die iemand krijgt, afhankelijk is van in welk ziekenhuis hij terecht komt of in welke regio deze
persoon woont. Dit fenomeen, ook wel praktijkvariatie genoemd, wordt al meerdere jaren
onderzocht. Landen zoals de Verenigde Staten, Schotland en Engeland hebben de regionale
variatie in behandelingen in kaart gebracht in een zogenaamde atlas van variatie.
Het praktijkvariatie onderzoek, zeker in Nederland, heeft zich tot nu toe gericht op
ziekenhuisopnames en electieve chirurgische behandelingen die plaatsvinden in het
ziekenhuis. Voorbeelden zijn knie vervangende operaties en chirurgie voor carpaaltunnelsyndroom. Er is echter nog niet veel onderzoek gedaan naar de mate van
praktijkvariatie bij chronische aandoeningen of langdurige ziektes zoals kanker (wat meer
en meer chronisch wordt door nieuwe levensverlengende behandelingsopties).
In dit proefschrift staan patiënten met longkanker en oudere patiënten met twee of meer
chronische aandoeningen dan ook centraal. Momenteel missen we inzicht in het type en de
hoeveelheid zorg die de meeste patiënten met longkanker aan het einde van hun leven en
oudere patiënten na een klinische opname daadwerkelijk krijgen. Ook weten we niet of dit
verschilt tussen regio’s of ziekenhuizen. Dit zijn de eerste stappen van de verbeteringscyclus
(signaleren, duiden, verbeteren) die nodig zijn om in te kunnen schatten of de zorg optimaal
is georganiseerd om passende zorg te garanderen en nadelige uitkomsten te voorkomen.

H1. De praktijkvariatie in zorg in de tweede lijn kan verklaard worden door de hoeveelheid
geleverde zorg in de eerste lijn.
Eerder is al gebleken dat een betere longitudinale continuïteit van de eerstelijnszorg
vermijdbare ziekenhuisopnames bij patiënten met diabetes reduceerde. Het onderzoeken
van de volledige zorgketen is daarom belangrijk en zal een gat in de literatuur opvullen.
H2. De geleverde nazorg is afhankelijk van de mate van coördinatie tussen zorgverleners en
kan daardoor ook een verklaring zijn voor het ontstaan van praktijkvariatie
Oudere patiënten, patiënten met de ziekte van Parkinson en patiënten met kanker lijden
meestal niet alleen aan één aandoening of ziekte maar aan meerdere en het aantal
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Naast het geven van inzichten in het zorggebruik en de praktijkvariatie in deze patiëntengroep
richt dit proefschrift zich ook op het testen van twee hypothesen (H1 en H2) om patronen
van variatie te kunnen verklaren.
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zorgverleners rondom deze patiënten is groot. Daarnaast zal de prevalentie van multimorbiditeit de komende jaren alleen maar toenemen. Het is voor deze patiënten daarom
van belang dat er een goede coördinatie van zorg tussen deze verschillende zorgverleners
is. Een betere coördinatie van zorg wordt in verband gebracht met minder acute zorg, zoals
ziekenhuisopnames, en frequenter aanbod van wijkverpleging. Deze coördinatie kan echter
variëren tussen verschillende ziekenhuizen, regio’s en netwerken van zorgaanbieders, wat
mogelijk leidt tot verschillen in zorggebruik en aanbod.
De onderzoeksvragen die centraal staan in dit proefschrift zijn:
Zorggebruik
• Wat is het gebruik van ziekenhuiszorg van patiënten met long en darmkanker gedurende
de laatste zes maanden van hun leven?
• Wat is het zorggebruik en welke nazorg krijgen ouderen met twee of meer chronische
aandoeningen gedurende de eerste zes maanden na ontslag uit het ziekenhuis?
Praktijkvariatie
• Varieert de ziekenhuiszorg tijdens de eindelevens fase van patiënten met longkanker
tussen regio’s?
• Varieert de nazorg en het zorggebruik van ouderen met twee of meer chronische
aandoeningen tussen ziekenhuizen in de eerste zes maanden na ontslag?
• Kan substitutie van zorg naar de eerste lijn de praktijkvariatie in de tweede lijn verklaren?
• Is de mate van coördinatie van zorg een verklarende factor voor het voorkomen van
praktijkvariatie?
Zorggebruik
In hoofdstuk 2 wordt de ziekenhuiszorg beschreven gedurende de laatste zes levensmaanden
van Nederlandse patiënten met long- en darmkanker, die zijn overleden in 2013, 2014 of
2015. Hiervoor is gebruik gemaakt van landelijke declaratiedata van de ziekenhuiszorg. De
gevonden resultaten laten een daling zien in het aantal patiënten met kanker-specifieke
behandelingen die plaatsvinden, zoals chemotherapie, radiotherapie en operaties. Het
volume van de behandelingen neemt echter toe naarmate de dood nadert. Het algemene
volume van zorg in de laatste fase neemt ook toe: patiënten met long- of darmkanker worden
vaker opgenomen in het ziekenhuis en op de intensive care naarmate de dood nadert. In de
laatste maand van het leven lag een darmkankerpatiënt gemiddeld 9,0 dagen opgenomen
in het ziekenhuis, had deze 5,5 intensive care en 1,2 spoedeisende hulp-opnames. Voor
longkanker patiënten waren dit gemiddeld 8,9, 6,2 en 1,2 opnamedagen in 2015. Het aantal
geregistreerde palliatieve zorg in het ziekenhuis is laag (1-4%). Dit lijkt een verbeterpunt
te zijn. Ook zien we een verband tussen het krijgen van radiotherapie of chemotherapie in
de laatste maand van het leven met een toename in opnames op de eerste hulp en op de
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In hoofdstuk 3 is het gebruik van nazorg en acute zorg voor Nederlandse chronisch zieke
oudere patiënten van 75 jaar en ouder beschreven. Het primaire doel van deze studie was
om kwetsbare oudere te selecteren. We includeerden ouderen als ze 75 jaar of ouder waren,
twee of meer chronische aandoeningen hadden en incontinent waren. Uit eerder onderzoek
is gebleken dat deze factoren gecorreleerd zijn aan kwetsbaarheid bij ouderen. Echter bleek
dat we op basis van deze criteria een veel kleinere groep patiënten konden includeren
dan verwacht en moesten we concluderen dat we niet met zekerheid kwetsbare ouderen
hebben kunnen definiëren. We kozen er daarom voor om de term kwetsbaarheid niet te
gebruiken voor deze groep. Met behulp van declaratiedata van de grootste Nederlands
zorgverzekeraar zijn ten eerste het totale zorggebruik en de nazorg in het half jaar na ontslag
uit het ziekenhuis in kaart gebracht. Ten tweede zijn, voor de meest voorkomende typen
nazorg in de eerste 90 dagen na ontslag, het acute zorggebruik en de mortaliteit beschreven
gedurende de 90-180 dagen na ontslag uit het ziekenhuis. Uit de analyses blijkt dat meer
dan de helft van deze patiënten binnen zes maanden na ontslag opnieuw wordt opgenomen
in het ziekenhuis en 12% van alle ouderen komt terecht op de spoedeisende hulp. In
dezelfde periode maakt minder dan de helft van alle chronisch zieke ouderen gebruik van
de diensten van een wijkverpleegkundige en het gebruik van langdurige zorg is minder dan
5%. De meest voorkomende typen nazorg in de eerste 90 dagen waren wijkverpleging,
geriatrische revalidatie, wijkverpleging en geriatrische revalidatiezorg, eerstelijnsverblijf,
langdurige zorg, alle overige combinaties en geen van deze combinaties. Bijna een derde van
de uit het ziekenhuis ontslagen ouderen krijgt geen nazorg in de vorm van langdurige zorg,
thuiszorg of geriatrische revalidatie zorg in de eerste 90 dagen na ontslag uit het ziekenhuis.
Dit is met name het geval voor die ouderen die worden opgenomen vanwege hartfalen of
hartritmestoornissen. Ook kreeg 11,4% van de chronisch zieke ouderen ontslagen na een
heupfractuur geen nazorg in een van deze vormen in de eerste 90 dagen na ontslag uit het
ziekenhuis. Van deze patiënten werd 12% binnen 6 maanden weer opgenomen. Chronisch
zieke ouderen met nazorg hebben niet minder heropnamen of en lagere mortaliteitscijfers
dan chronisch zieke ouderen zonder nazorg. Integendeel, voor alle ouderen en ouderen met
een heupfractuur was het overlijdenspercentage het laagst voor de groep die geen nazorg
kreeg. Ouderen zonder nazorg waren over het algemeen ook jonger. Mogelijk is de groep
zonder nazorg minder behoeftig. Echter, of de geleverde zorg ook daadwerkelijk gepaste
zorg is, vraagt meer onderzoek.
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intensive care bij longkankerpatiënten. Meer zorggebruik lijkt dus samen te hangen met
meer zorggebruik en het is belangrijk voor artsen om zich hiervan bewust te zijn op het
moment dat ze kiezen voor een bepaalde behandeling tijdens de laatste levensfase. De
wens van de patiënt speelt hier ook een belangrijke rol.
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Praktijkvariatie
Voor de longkanker patiënten die we geïncludeerd hebben in hoofdstuk 2, hebben we met
behulp van declaratiedata de praktijkvariatiescores in hoofdstuk 4 in kaart gebracht. Dit is
gedaan voor meerdere typen zorg geleverd in het ziekenhuis, zoals radio- en chemotherapie
maar ook voor ziekenhuis en spoedeisende hulp opnames die plaatsvonden in de laatste zes
levensmaanden. De scores zijn gecorrigeerd voor leeftijd, geslacht en sociaal economische
status. We berekenden factorscores om de mate van variatie uit te kunnen drukken tussen
het 95e en 5e percentiel (p95/p5). De resultaten laten zien dat het gebruik van ziekenhuiszorg
gedurende de laatste zes maanden van het leven van patiënten met longkanker regionale
variatie vertoont in de loop van meerdere jaren. Op basis van de P95/P5-factorscores is
het gebruik van ziekenhuiszorg in de hoog-gebruikende regio’s 2,3 tot 3,6 keer hoger dan
in laag-gebruikende regio’s. De mate van variatie was het kleinst in 2013 en het grootst in
2015 en lijkt dan ook toe te nemen over de jaren. Daarnaast wordt in dit hoofdstuk ook de
eerste hypothese getoetst. We veronderstelden dat, op regionaal niveau, meer aanbod van
eerstelijnszorg (huisarts visites en consulten en langdurige thuiszorg) geassocieerd is met
minder acuut ziekenhuisgebruik, zoals ziekenhuisopnamen en spoedeisende hulp opnames.
Om dit te toetsen, correleerden we de gecorrigeerde regionale praktijkvariatiescores voor
ziekenhuis en spoedeisende hulp opnames met het aantal patiënten in dezelfde regio dat
een huisarts visite of consult, of langdurige thuiszorg had gekregen in de laatste zes maanden
van het leven.. Uit de analyses blijkt dat er regio’s zijn waarin patiënten zowel een hoog
gebruik van ziekenhuiszorg als een hoog gebruik van eerstelijnszorg hebben, regio’s met
zowel een laag gebruik van ziekenhuiszorg en eerstelijnszorg en regio’s waar het ene hoog
was en het andere laag. We kunnen dus niet concluderen dat er een correlatie is tussen deze
typen acute ziekenhuiszorg en eerstelijns zorg, en we moeten de hypothese verwerpen.
In hoofdstuk 5 hebben we de praktijkvariatie scores voor het gebruik van acute
gezondheidszorg en het verlenen van nazorg berekend voor de chronisch zieke ouderen die
geïncludeerd zijn hoofdstuk 3. Met name van belang waren ziekenhuisopnames, intensive
care en spoedeisende hulp opnames en het verstrekken van langdurige zorg, huisartsenzorg
en wijkverpleging. Na correctie voor leeftijd, geslacht en sociaal economische status bleek
dat er variatie is in alle onderzochte soorten behandelingen en verleende zorg maar dat
deze niet veel verschilt tussen ziekenhuizen (P95 / P5-factorscores <2). In dit hoofdstuk
hebben we ook de tweede hypothese onderzocht die mogelijk (een deel van) de variatie
kan verklaren. We stelden dat een betere coördinatie van zorg zou leiden tot minder acuut
zorggebruik en betere uitkomsten. Daarnaast stelden we dat variaties in zorggebruik en
nazorg tussen de ziekenhuizen verklaard konden worden door de coördinatie van zorg
rondom een patiënt. In dit hoofdstuk hebben we een maat gebruikt om de coördinatie van
zorg te kunnen kwantificeren, genaamd de zorgdichtheidsscore. Dit is een maat waarmee
per patiënt kan worden aangegeven hoe hecht de zorgverleners rondom deze patiënt in
theorie met elkaar zouden samenwerken. Deze dichtheid is berekend op basis van het aantal
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patiënten dat de zorgverleners met elkaar delen. De resultaten laten zien dat er verschillen
zijn in de zorgdichtheidsscores tussen patiënten, maar ook tussen ziekenhuispopulaties. De
resultaten laten ook zien dat patiënten met een hogere zorgdichtheidsscore minder acuut
zorggebruik vertonen, maar ook minder nazorg krijgen gedurende de zes maanden na
ontslag uit het ziekenhuis. Patiënten met een hogere zorgdichtheidsscore waren gemiddeld
jonger en hadden minder zorgaanbieders bezocht in vergelijking met patiënten met een
lagere score. Om te toetsen of de zorgdichtheidsscore inderdaad een rol speelde in het
voorkomen van variatie in zorg is deze maat meegenomen in de analyses. Hiermee konden
we zien wat er met de praktijkvariatiescores en factor scores zou gebeuren nadat we hiervoor
hadden gecorrigeerd, oftewel, als dit geen rol meer zou spelen. Echter, de factorscores
veranderden niet. Wij geloven dat dit aangeeft dat de zorgdichtheid, of coördinatie van zorg,
niet de variatie tussen ziekenhuizen verklaart in het zorggebruik van ouderen met meerdere
chronische aandoeningen gedurende de zes maanden na ontslag uit het ziekenhuis.

Conclusies
Dit proefschrift heeft voor het eerst voor Nederland het zorggebruik en de praktijkvariatie in
kaart gebracht voor verschillende typen zorg binnen en buiten het ziekenhuis voor chronisch
zieken patiënten.
de belangrijkste conclusies van de studies zijn:
• Naarmate de dood nadert, neemt het aantal long- en darmkankerpatiënten die
ziekenhuiszorg ontvangen af, maar de intensiteit van de zorg (volume per maand)
neemt toe.
• Minder dan 2% van alle patiënten met long- en darmkanker patiënten heeft een consult
voor palliatieve zorg in hun laatste levensmaand.
• Bijna een derde (31,7%) van alle chronisch zieke ouderen en 11,4% van de chronisch
zieke ouderen met een heupfractuur ontvangt binnen de eerste 90 dagen na ontslag uit
het ziekenhuis geen nazorg in de vorm van langdurige zorg, thuiszorg of revalidatiezorg.
• Er is aanzienlijke variatie in zorg aan het einde van het leven voor longkankerpatiënten
en dit lijkt door de jaren heen toe te nemen.
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In hoofdstuk 6 is dieper ingegaan op de zorgdichtheid. Deze keer rondom Parkinson
patiënten. Wederom is voor elke patiënt een zorgdichtheidsscore berekend. Daarna is
onderzocht of de dichtheid van het zorgverlener netwerk rondom de patiënt geassocieerd
is met lagere kosten, minder zorggebruik en betere uitkomsten. De resultaten laten zien dat
dichtere netwerken geassocieerd zijn met 1) minder Parkinson-gerelateerde complicaties,
vooral met het optreden van longontstekingen en orthopedische letsels, maar niet met
mortaliteit; 2) iets meer gebruik van neurologen, fysiotherapeuten en ergotherapeutische
diensten, maar ook met iets minder gebruik van psychologen; 3) een kleine daling van de
ziektekosten.
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•
•

•
•

Het zorggebruik na ontslag en de nazorg voor kwetsbare oudere patiënten varieert met
minder dan een factor 2 tussen ziekenhuizen.
De variatie in ziekenhuis- en spoedeisende hulp opnames voor longkanker patiënten is
niet gecorreleerd met de hoeveelheid huisarts visites, consulten of langdurige thuiszorg
op regionaal niveau.
Een hogere zorgdichtheid leidt tot lagere kosten, betere uitkomsten en minder
zorggebruik bij patiënten met de ziekte van Parkinson.
Zorgdichtheid is niet geassocieerd met variatie in zorg voor kwetsbare oudere patiënten
die uit het ziekenhuis zijn ontslagen.

In praktijkvariatie onderzoek is het belangrijk om te signaleren en te duiden om verbeteringen
te kunnen realiseren. In het geval van het praktijkvariatie onderzoek omtrent longkanker
patiënten is er een verbetersignalement opgesteld vanuit het Zorginstituut. Een belangrijke
aanbeveling hierin is dat er een rol is weggelegd voor het tijdig inzetten van advance care
planning. Bijvoorbeeld al bij de diagnose van een aandoeningen met risico op overlijden.
Advance care planning zorgt er voor dat de wensen van de patiënt tijdig besproken
kunnen worden met de patiënt en de familieleden. Idealiter is dezelfde cyclus (signaleren,
duiden, verbeteren) nodig voor kwetsbare ouderen. Hiervoor moeten de onderliggende
patronen van de praktijkvariatie nog beter geduid worden om uiteindelijk te komen tot
verbeterpunten rondom hun hun zorgtrajecten na ontslag. Praktijkvariatie onderzoeken in
electieve aandoeningen laat substantiële variatie zien met factorscores die soms hoger zijn
dan 20. De mate van variatie in de onderzochte patiëntenpopulatie in dit proefschrift laten
een wat gematigder beeld zien. Desalniettemin zouden duidelijke richtlijnen met betrekking
tot ziekenhuisopnames, nazorg of doorbehandelen kunnen leiden tot minder onzekerheid
rondom behandelingen, minder onnodige zorg en minder praktijkvariatie.
De mate van coördinatie lijkt dus een rol te spelen met betrekking tot de zorg die geleverd
wordt in verschillende patiëntengroepen. De vraag is echter of de mate van coördinatie van
zorg inderdaad goed te meten is met deze methode. Echter lijkt de mate van coördinatie
niet van invloed te zijn op de praktijkvariatie voor kwetsbare oudere patiënten die zijn
ontslagen uit het ziekenhuis. Er is meer onderzoek nodig om goed te kunnen begrijpen
welke rol coördinatie van zorg speelt in het reduceren van praktijkvariatie en optimaliseren
van een goede kwaliteit van zorg.
Het blijft belangrijk om de informatie omtrent zorggebruik en praktijkvariatie te verspreiden
tussen artsen, zorgaanbieders en andere belanghebbenden. Deze professionals zullen
moeten begrijpen waarom er variatie is en van elkaar leren, waardoor hun deelname
cruciaal is. Het is belangrijk voor hen om het resultaat van de geleverde zorg actief te meten,
bij te dragen aan onderzoek naar de variatie in en om de patronen te helpen verklaren. Ook
kunnen de opgedane inzichten over (kosten) ineffectieve of onnodige zorg in richtlijnen en
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discussies in het onderwijs worden opgenomen. Alleen op deze manier is het mogelijk om
praktijkvariatie onderzoek in te zetten voor het verbeteren van de kwaliteit van zorg.
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Data management
The data used in this thesis were made available by different organizations. Under Dutch
national law (Medical Research Involving Human Subjects Act (WMO)), approval of an
institutional review board for these studies was not required. The studies were not subject
to theMedical Research in Human Subjects as subjects were not subjected to actions or
interventions. Also, no rules of conduct were imposed on them. Consent to participate is
deemed unnecessary according to national regulations. To ensure the privacy of patients,
researchers received non-identifiable patient data. According to Dutch law no (written)
informed consent to publish the material is needed in case anonymized data are used.
Also, the data providers have provided consent for publication under the condition that the
extracted data will not be published with recognizable hospitals or patients.
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The data that support the findings of this thesis are available from the National Healthcare
Institute of the Netherlands, Vektis and insurance company Zilveren Kruis Achmea, but
restrictions apply to the availability of these data, which were used under license for the
current study, and so are not publicly available.
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Dankwoord
Op deze plaats wil ik alle mensen bedanken die mee hebben gewerkt aan dit proefschrift of
op andere wijze hebben bijgedragen aan mijn werkplezier.
In de eerste plaats wil ik mijn promotieteam bedanken. Femke en Stef, al was Femke officieel
mijn leidinggevende, die lijnen vervaagden al snel. Zeker toen bleek dat jullie beiden net zo
betrokken, bereikbaar en begaan waren. Ik waardeer het heel erg dat er altijd ruimte was
voor de menselijke kant. Beiden dank voor jullie kennis, begeleiding, en hulp! Patrick en Gert,
dank voor deze mogelijkheid, het meedenken en voor alle kritische noten. Meerdere keren
als ik dacht klaar te zijn, kwam een van jullie met suggesties om het nog beter te maken.
Voor jullie alle vier: jullie positiviteit en vertrouwen in mij bij wéér een journal-afwijzing en
de aanmoedigingen en blijdschap toen ik eindelijk in de (door Gert zo genoemde) ‘PhD flow’
zat en artikel na artikel geaccepteerd werd, hebben me er doorheen gesleept. Zonder jullie
medeleven en input was dit proefschrift niet geworden wat het nu is. Dank daarvoor!
Ik dank de Manuscript commissie, Prof. van der Hoeven, Prof. Assendelft en Pof. Delnoij
voor het lezen en beoordelen van dit proefschrift.

Een speciale vermelding gaat naar alle medepromovendi, junior onderzoekers en
onderzoeksmedewerkers in de ‘kelder’. Het heeft wel wat, ‘weggestopt’ worden met allemaal
enthousiaste onderzoekers die als geen ander begrijpen waar je mee bezig bent en vaak met
dezelfde dingen kampen. We hebben mooie feestjes gevierd, zoals het singlefeestje en de
Nijmeegse vierdaagse, gezellige borrels en spelletjesavonden gehad maar ook verdrietige
momenten meegemaakt. Dit maakte ons een hechte groep. Heel waardevol vond ik ook de
initiatieven die hier zijn ontstaan, zoals de meet-ups, journalclubs en het research review
groepje. Ik wil jullie het liefste allemaal persoonlijk noemen, maar helaas wordt dat te lang.
Dus, lieve oud IQ-collega van beneden: wat een top sfeer hebben we weten te creëren in de
kelder en daarbuiten. Bedankt!
Vanaf de zijlijn zijn er velen die me de afgelopen jaren hebben gesteund. Mijn (schoon)
familie, mijn jaarclub, en alle vrienden en lieve mensen die ik nog niet heb genoemd. Ik heb
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Ook wil ik iedereen met wie ik de afgelopen jaren heb samengewerkt bedanken: Bregje
Onwuteaka-Philipsen, Linda Brom en Mariska Oosterveld, mijn eerste project was in
samenwerking met jullie. Bedankt voor jullie input en expertise maar ook voor het geduld wat
jullie hebben opgebracht voor de publicatie van die eerste twee artikelen (3 jaar!). In het tweede
deel van mijn promotietraject ging ik een samenwerking aan met Zilveren Kruis Achmea. Onno,
Wilma en de overige research consultants, heel erg bedankt dat jullie mij altijd welkom hebben
laten voelen! Mijn vragen waren nooit teveel en jullie dachten graag mee over mijn onderzoek.
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geprobeerd jullie zo min mogelijk te vervelen met de inhoud, maar het proces hebben jullie
zeker meegekregen. Bedankt voor jullie interesse en steun!
Wout, mijn eeuwige cheerleader. Ik kan niks fout doen bij jou en altijd mezelf zijn. Bedankt
dat je mee hebt willen lezen, denken en luisteren de afgelopen jaren. Ik heb ontzettend
geluk gehad dat ik jou tijdens dit hele proces aan mijn zijde heb gehad.
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Currently Yvonne is working as a researcher at the regional network of acute care in Zwolle.
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