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Chapter 1 

General introduction 
 

1 General introduction
The overall aim of this thesis is to assess the health care burden related to chronic diseases, and to 
identify incentives that can curb the expected increase in the health care burden of chronic diseases. 
In this introductory chapter we provide a general background of the health care burden of chronic 
diseases. Furthermore, the aims and research questions of this thesis will be addressed. At the end 
an outline of this thesis is given.

1.1 Background and research issues
Chronic diseases have become one of the major challenges of this century. The health care burden 
of chronic diseases has increased tremendously during the last centuries as a consequence of epi-
demiological and demographic transitions.
The epidemiological transition addresses changes in cause-of-death patterns in a population, and 
consists of several stages (1-4). The first stage (the age of pestilence and famine) is characterized by 
poor conditions of sanitation and health care services, and the dominance of infectious diseases, 
causing high mortality rates. The life-expectancy in this stage, which lasted until about 1875, was 
low, varying between 20-40 years. In the next stage (the age of receding pandemics) improvements 
in the sanitary life conditions and medical conditions were achieved, which resulted in an increase 
of the life expectancy to 50 years and a sustained population growth (5). Although infectious and 
parasitic diseases were replaced by non-infectious diseases like cardiovascular diseases and cancer, 
infectious diseases still remained the leading cause of death. During the second half of the 20th cen-
tury, the third stage (age of degenerative and man-made diseases) emerged in which chronic condi-
tions gradually replaced infectious diseases as the leading cause of death, as a consequence of the 
elimination of infectious diseases (6). In this phase, the average life-expectancy exceeded 70 years. 
From 1970 onwards, a further improvement of the survival rates at older ages took place, resulting in 
a further increase in life-expectancy. This last stage of the epidemiological transition is called the age 
of delayed degenerative diseases. Figure 1.1 presents the increase in the life-expectancy at birth in 
the Netherlands for the time-period 1850 till 2004. In that time-period the life-expectancy has dou-
bled, from 36.1 in 1850 to 76.3 years in 2004 in men, and from 38.5 to 80.7 years in women (7;8).

The demographic transition is characterized by a shift in patterns of high fertility and high mortality 
rates to a pattern of low fertility and delayed mortality rates in a population (3). In the first half of 
the 20th century the overall mortality rates declined and were followed by declines in fertility rates. 
The reasons for the decline in fertility rates were diverse, but most can be related to modernization 
processes, economic growth, increased level of education, emancipation of women and the wide-
spread use of contraception (9;10). As a consequence of this shift in mortality and fertility rates, 
the proportion of elderly has increased substantially since the 1950s, and is continuing to increase 
in the next coming decades (Figure 1.2). The peak of the aging process of the Dutch population 
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is expected at the end of the fourth decade of this century (7). In 2039, the percentage of persons 
over 65 years is estimated to be 25.1% as compared with 14.5% in 2007 (11). Figure 1.2 presents 
the observed and predicted percentage of persons over 65 years in the Dutch population during 
the period 1950-2050. 

A drawback of the aging process of the Dutch population is the concomitant rise in the number of 
chronically ill. In the Netherlands, cross-sectional prevalence estimates of chronic conditions are 
often estimated on the basis of general practitioners (GP) registrations. Demographic projections 
based on these GP registrations show an substantial increase in the prevalence figures of about 
30-50% for most chronic conditions for the time period 2005-2025 (12-18). As a consequence of 
the increasing number of chronically ill, the health care burden will rise substantially in the coming 
decades, and will result in a large upward pressure on health care services and related health care 
costs in the future. The health care burden of chronic diseases will even be enlarged by the frequent 
occurrence of comorbidity (19-24). Comorbidity can be defined as the occurrence of one or more 
chronic conditions in the same person with an index-disease (25). It is estimated that 30% of the 
chronically ill have comorbidity (24). In this estimation psychiatric comorbidity is not even taken into 
account. Comorbidity has been shown to intensify health care utilization of the chronically ill and to 
increase health care costs (20;23;24;26-29). 
Currently, most health care systems are insufficiently able to keep pace with the growing health care 
demands of the population (30). In order to sustain a high-quality health care system in the future, 
it becomes essential to find incentives that can curb the increasing health care burden of chronic 
diseases and to bridge the growing gap between demand and supply of health care. 
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Figure 1.1: Life-expectancy at birth in the Netherlands for the period 1850-2004 (7;8)  
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A strengthening of the primary prevention and a reorganization of chronic disease management in 
the health care system are proposed as potential solutions to curb the increasing health care burden 
of chronic diseases by the Ministry of Health, Welfare and Sports (31;32). The aim of prevention is to 
ensure that less individuals develop a chronic disease by promoting healthy life-styles, and to create 
awareness about the risk factors and consequences. 
Organizational shifts in health care are needed to bridge the gap between demand and supply of 
care by improving the quality and continuity of care (33-35). Integrating services in so called disease 
management programs has the potential to improve the health system performance and to stimu-
late higher efficiency (36).
In this thesis we will assess the impact of prevention (e.g. changes in life-style) and the impact of 
organizational shifts in health care on the (future) health care burden of chronic diseases. 
 
Primary prevention 
Life-style behavior of individuals plays an important role in the development of chronic diseases 
(30;37). During the last decades, the prevalence rates of major risk factors for chronic diseases like 
overweight, (in)activity and smoking show unfavorable patterns. For instance, the prevalence of 
moderate overweight (Body Mass Index (BMI) >25.0-30.0 kg/m2) in the Netherlands has increased 
substantially till 57% for men and 42% for women in the period 2005- 2006, and further increases are 
expected (38). Also the prevalence of obesity (BMI≥ 30.0 kg/m2) has increased from 3% (men) and 
6% (women) in 1981 till 12% for both men and women in 2006 (38;39). A further increase of about 
50% in the prevalence of obesity is expected in the next 20 years (40). On top of that, an increasing 
trend is observed in the incidence of childhood overweight and obesity (41). Overweight and obe-
sity in childhood are likely to persist resulting in increased risk for morbidity and mortality in adult 
life (42). Overweight and obesity will also result in the occurrence of chronic diseases earlier in life, 
for instance for diabetes (43).
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Figure 1.2: Percentage of persons over 65 years in the Dutch population 1950-2050 (7) 
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The prevalence of physical inactivity in the Dutch population has also increased in the last deca-
des, although a sharp decline in the prevalence of physical inactivity has been observed in the last  
few years (44). The Dutch guidelines of physical activity states that every adult should accumulate 30 
minutes or more of moderate intense physical activity on most, preferably all days of the week (45). 
In 2006, about 56% of the Dutch population was active at the recommended levels of the guideline 
of physical activity, while in 2000 about 43% of the people adhered to the guideline of physical  
activity (44). Physical inactivity increases the likelihood to develop chronic diseases, for instance 
cardiovascular diseases or diabetes mellitus (46;47).  
In contrast to the aforementioned risk factors, the prevalence of smoking declined, but only for men. 
The prevalence of smoking in men declined from 90% in 1958 till 31% in 2004 (48). For women the 
prevalence of smoking was stable during the last decades (about 28%).
The Dutch health care policy is strongly focusing on the prevention of chronic conditions and has 
stated that prevention has become a top-priority (31). To be able to develop and implement effec-
tive health policy, we need to gain more insight into the effects of these unfavorable trends in major 
risk factors on the future health care burden related to chronic diseases.

Organizational shifts in health care 
Chronically ill use a wide variety of health care services and providers simultaneously or in a tight 
sequence. Chronic care management faces some obstacles of which a lack of coordination is the 
most prominent (49-53). As a solution, new health care models, so called disease management 
programs, have been introduced since the 1990s to improve the continuity and simultaneously the 
quality of care for chronically ill (52;53). Several related concepts like integrated care, managed 
care and shared care are formulated in the literature (54-57). All concepts share a similarity in goals, 
namely to improve the quality and efficiency of care by the use of management instruments (58). 
The main features of disease management programs are a good coordination between the different 
health care providers, task reallocation and responsibilities and the implementation of protocols and 
guidelines (58). 
Disease management programs exist at a limited scale in the Netherlands (51;59). Diabetes mel-
litus and stroke are front runner diseases with respect to the development and implementation of 
disease management programs in the Netherlands (51;59). The main features of diabetes disease 
management programs are the introduction of diabetes control schemes, diabetes consultation 
hours, the implementation of joined care protocols, multidisciplinary meetings and the presence 
of a specialized diabetes nurse (60). Diabetes disease management programs often include multi-
ple health care providers like GPs, specialized nurses, dieticians and medical specialists. Diabetes 
disease management programs have been proven to be effective in improving the quality of care 
(33;60;61). Numerous studies have shown to improve process measures (like percentage of patients 
in which Hba1c is measured annually) and patient outcomes (like HbA1c and total cholesterol levels) 
(62-80). However, for other patient outcomes like blood pressure, overweight and cardiovascular 
complications, no improvements were found. Nevertheless, it is to be expected that diabetes di-
sease management programs will become more widespread implemented in the Netherlands in the 
coming years. Stroke disease management programs are currently the only disease-specific disease 
management programs which are already more widespread implemented in the Netherlands (59). 
Stroke disease management programs are delivered by so called stroke services which include mul-
tiple health care providers like GPs, medical specialists, nurses, speech therapists, etc.. The main 
features of these stroke services are stroke units in the hospital, early discharge procedures in the 
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hospital, guaranteed accessibility to a nursing home, multidisciplinary meetings, specialized nurses 
and an integrated (electronic) medical record that is accessible to all health care providers (81).  
A Dutch experiment demonstrated that stroke care organized in stroke services can achieve better 
health effects with the same budget (49;50;61). A clearer understanding of the effect of a wide-
spread implementation of disease management programs on the future health care burden is of 
particular interest for health care providers and policymakers.

1.2 Research questions
The overall aim of this thesis is to assess the (future) health care burden related to chronic diseases 
in the Netherlands and to find incentives which can curb the expected increase in the health care 
burden of chronic diseases.
The overall aim can be subdivided into three research questions:
1.  What is the impact of chronic diseases and comorbidity on the future health care burden?
2.  What is the impact of trends in risk factors on the future burden of chronic diseases?
3.  What is the impact of organizational shifts in health care on the future health care burden   
  of chronic diseases?

In this thesis diabetes mellitus and stroke are used as illustrative examples. The prevalence of diabe-
tes mellitus is estimated at 600,000 patients in the Netherlands in 2003, while 75,000 new patients 
are diagnosed annually (15). In 2003, about € 735 million were spent on diabetes mellitus (type 1 
and 2), which corresponds to 1.3% of the Dutch health care budget (82). The cost estimates of dia-
betes are an underestimation, since complications of diabetes are not taken into account. 
The prevalence and incidence of stroke in the Netherlands in 2000 are based on GP registrations 
and show a wide variety, from about 120,000 till 190,000 for stroke prevalence and from 34,000 till 
41,000 for stroke incidence (14;83;84). Also the stroke cost estimates vary substantially from 2.5% till 
4.3% of the Dutch health care costs (82;84).
The health care utilization of diabetes mellitus and stroke patients show different patterns. Health 
care utilization of diabetes patients concerns mainly the medical ‘cure’ sector, while stroke patients 
use the whole health care spectrum from cure and rehabilitation till nursing care. It is interesting to 
study whether these differences in health care utilization patterns lead to different outcomes and 
conclusions with respect to the impact of organizational shifts in health care on the future burden of 
chronic diseases. 

1.3 Research methods
To answer the research questions, we need to combine demographic and epidemiological data and 
data on the health care burden of chronic diseases. Demographic data were obtained from Statistics 
Netherlands (7), while the epidemiological data were derived from GP registrations (85-89). Data on 
the health care burden of chronic diseases comprise data on health care utilization and costs data. 
To quantify multidisciplinary health care utilization we used medical record linkage techniques.  
In addition, we opted for a modeling approach in which all data from various sources were com-
bined, which provided us the opportunity to estimate the chronic disease burden and related costs 
over time. 
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Medical record linkage techniques 
An efficient and relatively cheap manner to collect health care utilization data is to use existing  
health care registrations. However, the existing health care registrations were originally set up for ad-
ministrative reasons rather than for a public health interest (90). As a consequence, the registrations 
in the Netherlands are event-oriented instead of patient-oriented and comprise data on single health 
care services (91). Therefore, current studies on health care utilization of chronically ill using existing 
health care registrations are confined to one health service and provide year-by-year analyses to mo-
nitor changes over time. No information is available about multidisciplinary health care utilization. 
Medical record linkage techniques enable us to reconstruct existing event-oriented registrations into 
patient-oriented registrations and to create longitudinal datasets needed for the quantification of lon-
gitudinal multidisciplinary health care utilization patterns of patients with chronic diseases. 

Modeling approach
One of our research questions is to investigate the health care burden of chronic diseases over time. 
Therefore, we constructed a dynamic model, which is equipped to deal with this time-dimension.  
A dynamic model is able to comprise multiple states (for instance different health states or smoking 
and non-smoking states) so that we can estimate the effect of demographic changes and epidemio-
logical changes over time (92). By each step in time, incidence, survival and resulting prevalence are 
being calculated by taken into account changes in life-style. This modeling approach provides us the 
opportunity to estimate the future dynamics of chronic disease occurrence and related health care 
costs while taking into account demographic, epidemiological and organizational shifts in health 
care. Such models can be helpful in gaining insight into the future health care burden and therefore 
contribute to a more evidence-based decision making of policy makers (93).

1.4 Outline
To answer the different research questions, we explore in Chapter 2 the technical possibilities and 
the problems of linking data on GP referrals with data on hospital admissions and the usefulness of 
the linked data set for quantifying the health care utilization of patients with chronic conditions.
In chapter 3 and 4, we study the impact of comorbidity (research question 1) and organizational 
shifts in health care (research question 3) on the health care burden of diabetes mellitus.
In Chapter 3 we estimate the impact of comorbidity on the use of GP care and hospital care in  
patients with diabetes mellitus, using medical record linkage techniques. 
Chapter 4 investigates the impact of organizational shifts in GP practices with respect to diabetes 
services. We aimed to identify organizational aspects of diabetes services that reduce medical care 
utilization of patients with diabetes. We focused on aspects that can be considered as important 
building blocks of diabetes disease management programs like the presence of a specialized nurse, 
the implementation of diabetes control schemes and diabetes consultation hours, and the participa-
tion of GPs in multidisciplinary meetings.
In chapter 5 till 7, we study all research questions (1-3) related to stroke. 
In Chapter 5, a model is constructed to estimate the effects of demographic changes and the trends 
in major risk factors (hypertension and smoking) on the future dynamics of stroke in terms of inci-
dence, prevalence and ‘Potential Years of Life Lost’ (PYLL).
In Chapter 6, a further elaboration of the stroke model is presented. We extended the model with 
costs estimates for current practice and for stroke disease management programs. The modeling 
approach will enable us to quantify the impact of a nationwide implementation of stroke services on 
future costs of stroke.
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Chapter 7 presents a review of stroke costs studies. In this review, we systematically compare stroke 
expenditures in different countries by means of a well-designed checklist. The purpose of this review 
is to validate the results of the model used in chapter 5 and 6. In this review, we also address the 
economic implications of changes caused by the rapid international spread of new innovative inter-
ventions and to interpret these implications at an international level.
Finally, in Chapter 8, we give a summary of the findings and we discuss some methodological issues 
as well as the implications of our finding for research and policy. 
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Linking anonymised general practice data with 
hospital data: a pilot study
Based on: 
Struijs JN, Baan CA, Hutten JBF, Westert GP. De mogelijkheden van koppeling van geanonimiseerde 
huisarts- en ziekenhuisgegevens. Tijdschr Gezondheidswet 2003;5:281-286

Abstract
Background This study presents the results of a pilot study designed to link data on referrals by general 
practitioners (GPs) with data on hospital utilization in the Netherlands. The research questions are, firstly, 
what percentage of GP patient referrals can be linked with hospital admission data? Secondly, what 
percentage of patients is suitable for quantifying the health care utilization per referral?
Methods and data GP practice data from the Network of General Practice (LINH) were linked to 
two hospital registration systems: the National Medical Register (LMR) containing hospital admission 
and day treatment data, and the National Register of Ambulatory Care (LAZR) containing data on 
outpatient visits. Because no unique national identification numbers were available, the data were 
linked by using the patient variables, date of birth, gender and four-digit postal code. The following 
four conditions were selected as inclusion criteria for the patient referrals: Chronic Obstructive 
Pulmonary Disease (COPD), coronary heart disease, asthma, and diabetes mellitus. 
Results From the total number of patient referrals selected, 78% could be linked to a hospital 
admission, day treatment or an out-patient visit. Subsequently, 63% of the patients could be used 
for the description of care utilization per referral. 
Conclusions Our pilot study shows that data on GP referrals can be linked sufficiently with data on 
hospital utilization in order to quantify the utilization of health care for patients with specific chronic 
conditions. 
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Introduction
To study the utilization of disease-specific care, a variety of care registration systems and databases 
are often used. At present, most studies tend to focus on year-on-year analyses of the various data 
sources (1) and in general there is little connection between the registrations (2). As a consequence, 
information on multidisciplinary health care utilization patterns of patients with chronic diseases is 
either lacking or incomplete. Linking the various medical registrations enables us to make estimates 
and prognoses for the utilization of disease-specific care and associated costs. Improving existing 
datasets, e.g. by linkage, tends to be cheaper than collecting new data. Combining data from 
different (national) medical registration systems however is seriously hampered by the lack of a 
national health care identification number (1). Record linkage has to be done on the basis of less 
unique patient variables, such as  date of birth, gender and four-digit postal code. The combination 
of these linking variables should have sufficient discriminative power to act similar to that of a unique 
identification number.
In an earlier study by Delnoij et al. (3), data from the Netherlands Information Network of General 
Practice (Dutch abbreviation: LINH) (4) were linked to hospital admission and day treatment data 
from the National Medical Register (Dutch abbreviation: LMR) (5) by using the following variables: 
GP practice postal code, date of birth and gender of the patients. On the basis of these variables, 
19% of the GP referrals could be matched to a hospital admission. In order to enhance the validity 
and usefulness of the linkage procedure, the authors recommended adding the patients’ postal code 
to the LINH registration and not matching the search periods in the different registrations. Many GP 
referrals lead to hospital care at a much later date (possibly because of waiting times). In addition, 
patients are often issued an ‘administrative’ referral by their GP after their visit to a hospital. So, not 
matching the search periods in the different registrations will lead to an increase in the number of 
linkages. We applied these recommendations in the present study as well as adding data from the 
National Register of Ambulatory Care (Dutch abbreviation: LAZR) (6) to the linkage. 
The research questions are:
1)  What percentage of GP patient referrals in LINH can be linked to LMR and/or LAZR data by 

using date of birth, gender and four-digit postal code of the patient?
2)  What percentage of GP patient referrals derived from research question 1 is suitable for quan-

tifying the health care utilization per referral?

This pilot study focuses on the following four chronic diseases: Chronic Obstructive Pulmonary Disease 
(COPD), coronary heart disease, asthma, and diabetes mellitus. The selection criteria were based on 
current disease prevalences and health care burden. This study is a preliminary study for one of the 
sub-projects of the Second Dutch National Survey of General Practice (Dutch abbreviation: NS2) (7).  
The linkage and analyses were performed in accordance with legislation on personal data protection 
in the Netherlands (8).

Data
The linkage procedure was performed over three registration systems. Below, each of the registration 
systems is described briefly.

1. Netherlands Information Network of General Practice
The Netherlands Information Network of General Practice (Dutch abbreviation: LINH) was set 
up in 1991 by the Netherlands Institute for Health Services Research (Dutch abbreviation: NIVEL), 
the Centre for Quality of Care Research (Dutch abbreviation: WOK), the National Association of 
General Practitioners (Dutch abbreviation: LHV) and the Dutch College of General Practitioners 
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(Dutch abbreviation: NHG) (4). The LINH network includes data on GP-patient contacts and referrals 
at primary and secondary care levels. The LINH practices are representative of the Dutch general 
practice population both in terms of patients and of GPs (4;9). 
In 1998, the LINH network consisted of 88 general practices. For the present study, data files from 
57 practices were included. These practices were chosen because they had coded their referrals 
according to the International Classification of Primary Care (ICPC) guideline in 1988 and because 
the data files contained the four-digit postal code of the patients. All LINH general practices 
record the following data: patient identifying data (date of birth, gender, four-digit postal code 
and insurance type), referral data (date of first referral, diagnosis (ICPC coded), kind of referral, and 
referral specialism). These data are protected by privacy regulations.

 2. National Register of Ambulatory Care
The LAZR contains data on outpatient clinics and has been operational since 1992 (6). The system 
is managed by Prismant. The percentage of hospitals that participate in the LAZR is about 75% of 
100 hospitals. The majority of the participating hospitals only register the first visit to the outpatient 
clinic. Twenty-eight hospitals provide information on the first as well as repeat visits. LAZR data 
includes administrative patient data (date of birth, gender, insurance type and four-digit postal code) 
and medical data (type of hospital, treating specialism and date of outpatient visit).

3. National Medical Register
Since 1976, all academic and general hospitals have provided input for the LMR. There are also a 
few specialized hospitals and rehabilitation clinics that participate in the LMR. The LMR is managed 
by Prismant. The LMR contains information on clinical hospital care and hospital day treatment. In 
1998, 1.5 million hospital admissions and 750,000 cases of day treatment were recorded in the LMR. 
The reliability of the LMR is good. An internal audit showed that 99% of the LMR data matches the 
original patient files (5). For the linkage, both administrative patient data (date of birth, gender, 
insurance type and four-digit postal code) and medical data (date of admission, date of discharge, 
admission specialty, urgency of admission, type of hospital, diagnosis (ICD-9), and destination code) 
were used.

Methods
The LINH data were matched to LMR and LAZR data by a combination of three variables: 
- date of birth of the patient;
- gender of the patient;
- four-digit postal code of the patient.
Four different outcomes were possible from this linkage operation. First, a link was considered valid 
if a GP referral could be matched to an outpatient consultation recorded in the LAZR or to a hospital 
admission or day treatment recorded in the LMR and belonging to the same person (10). Second, 
the link was false-positive if a GP referral could be matched to hospital data belonging to a different 
person. Third, a negative link occurred if a GP referral could not be matched to records in the LMR 
and/or the LAZR, due to the absence of follow-up care consumption. Fourth, the link was false-
negative, if a GP referral could not be linked to records in the LMR and/or the LAZR, even though 
there had been either an outpatient visit or admission to the hospital. 
The LINH-file from 1998 was linked to LAZR and LMR data for the period 1997-1999. We did not 
match the LAZR/LMR period with the year of the LINH-file on purpose - as recommended by Delnoij 
et al. (3). They showed that a complete match of the search periods in the different databases 
would result in many false negative linkages which would lead to an underestimation of health care 
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utilization. Many GP referrals lead to hospital care at a much later date (possibly because of waiting 
times). In addition, patients are often issued an ‘administrative’ referral by their GP after their visit to 
a hospital. Thus, by extending the search period in the LAZR and the LMR, the chance of generating 
false-negative links was reduced. To this end, the period between the date of GP referral and the 
date of hospital admission or treatment was set at 180 days before the referral date until 360 days 
after. Only linked records with a hospital admission date falling within the set period were used to 
explore disease-specific care use per referral. 

To establish the validity of the linkage, differences between patient characteristics for the linked 
patient groups and the non-linked patient groups were explored. The tables 2.2-2.5 show how 
validity was tested; a T-test (for difference in age), the Chi-square test (for differences in gender and 
type of insurance) and logistic regression (for differences in linkage percentage per disease).

Results
Table 2.1 presents a summary of the results of the record linkage. The LINH file contained data 
on 2,299 patients with 2,675 referrals for a diagnosis of COPD, coronary heart disease, asthma or 
diabetes mellitus. Linking LINH data with LAZR data yielded 4,047 combined records belonging to 
1,491 patients. In all, 65% of the LINH patients could be traced in the LAZR database.

Table 2.1: Number of referrals/links and patients at the various stages of the linkage operation 
(n=2,299)

Registration systems
Number of
referrals /
links

Number of patients

%

LINH 2,675 2,299 100
LINH-LAZR 4,047 1,491 * 65*
LINH-LMR (day treatment) 496 312 * 14*
LINH-LMR (hospital admission) 2,189 1,003 * 44*
LINH-LMR-LAZR 6,732 1,786 78

To be used to describe the use of disease-specific care

LINH-LMR-LAZR 4,108 1,453 63

* These numbers and percentages do not add up because of double counts

Linking LINH referrals to LMR clinical hospital data yielded 2,685 linked records. These records 
included 496 cases of day treatment in 312 patients and 2,189 hospital admissions for 1,003 patients. 
Of the patients referred, 14% could be traced for hospital day care and 44% of the patients referred 
could be linked to a hospital admission. 
After linking the three databases, the LINH-LAZR-LMR file contained 6,732 records belonging to 
1,786 patients. Of all patients with a referral, 78% could be linked to a hospital admission, day 
treatment or outpatient visit.
After correction for the set period, 2,624 links had to be excluded because secondary care use was 
not related to the GP referral in the LINH file but to earlier or later GP referrals. This meant that 63% 
of the patients with a GP referral (n=1,453) from the LINH file could be used to describe disease-
specific health care use per referral (Table 2.1). 
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In order to determine the validity of the linkage, we explored the extent to which the linked patient 
group differed from the non-linked patient group. Table 2.2 presents the patient characteristics of 
both groups. 

Table 2.2: Patient characteristics of linked and non-linked patient groups (n=2,299)

Links by three variables Links by three variables + 
correction for the period between 
referral and admission

Non-link
(n=513)

Link
(n=1,786)

Non-link
(n=846)

Link
(n=1,453)

P-value P-value
Gender (% male) 55.0 52.2 0.265 54.3 52.0 0.288

Type of insurance 
(% public health 
insurance)

86.4 89.4 0.053 87.6 89.4 0.185

Age 56.7 59.4 0.005 56.2 60.3 0.000

The average age of the linked patients is significantly higher than the average age of the non-linked 
patients (59.4 years versus 56.7 years respectively). After correction for the set period, the difference 
in average age persisted (Table 2.2).

Table 2.3: Percentage of links per disease (n=2,299)

Not
standardized

P-
value*

Standardized
for age 

P-
value*

Linkage by three variables
- COPD (R91-95) 82.3 82.0
- Coronary heart disease (K74-K76) 80.7 0.522 78.0 0.595
- Asthma (R96) 74.1 0.012 78.2 0.060

- Diabetes Mellitus (T90) 74.7 0.006 75.1 0.011

Linkage by three variables + correction for set period
- COPD (R91-95) 66.9 65.3
- Coronary heart disease (K74-K76) 66.7 0.957 67.3 0.941
- Asthma (R96) 54.7 0.002 63.3 0.109
- Diabetes Mellitus (T90) 61.9 0.113 67.3 0.176

 * Compared to the reference group (COPD)

The percentage of links varied between 74.1% for patients with asthma and 82.3% for patients 
with COPD. Following correction, the percentage of links still varied, between 54.7% for patients 
with asthma and 66.9% for patients with COPD. After direct standardization for age, no significant 
differences between percentages of links for the four diseases were observed (Table 2.3). 
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To illustrate the possibilities of the linked LINH-LMR-LAZR file, some results are shown below.

Table 2.4: Distribution of links by care provision and disease (ICPC), 1998

Diagnosis Outpatient clinic Day treatment       Hospital Total

N  % P-value* N  % P-value* N  % P-value* N  %

Number of 
patients

1,146# 79# 209# 14# 742# 32# 1,453# 100

Number of 
records 

2,434 59 326 8 1,348 33 4,108 100

COPD 352 55 85 13 208 32 645 100

Coronary 
heart 
disease

888 55 0.756 90 6 0.000 628 39 0.002 1,606 100

Asthma 288 64 0.002 46 10 0.143 115 26 0.018 449 100

Diabetes 
Mellitus

906 64 0.000 105 7 0.000 397 28 0.062 1,408 100

* Compared to the reference group (COPD)
# These numbers and percentages do not add up because of double counts

From the successful links (n= 2,434) 59% concern treatment in an outpatient clinic. For the disease-
specific data, this percentage varies between 55% for patients with COPD and coronary heart 
disease and 64% for patients with diabetes mellitus and asthma (Table 2.4). Day treatment is the least 
frequent with an average of 8% (n=326), varying between 6% for patients with coronary heart disease 
and 13% for patients with COPD. The average percentage for hospital admissions is 33% (n=1,348), 
varying between 26% for asthma patients and 39% for patients with coronary heart disease.
Some 921 of the 1,453 patients could be linked to more than one hospital admission or treatment per 
referral. On average, one GP referral leads to 2.8 visits to the hospital (for hospital admission and/or 
day treatment and/or outpatient consultation). The maximum numbers of hospital admissions, day 
treatments or outpatient consultations per referral are 9, 33 and 49, respectively. The number of 
admissions indicates the number of admissions per 100 referrals. 
Table 2.5 presents the number of admissions, the average length of hospital stay, and the total 
number of nursing days per referral diagnosis and per age category. 
Patients with coronary heart disease in particular are admitted to a hospital after referral (39.1%). The 
average length of stay is longest for patients with COPD (10.3 days), which results in these patients 
having the highest number of nursing days (332) per 100 referrals. Patients with asthma have the 
least number of admissions and the shortest average length of stay. The number of hospital days per 
100 referrals is almost twice as high for patients with COPD as for patients with asthma. 
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Table 2.5: Number of admissions, average length of hospital stay per referral (n=4,108) and total 
number of hospital days per 100 referrals, per referral diagnosis and age category, 1998

Referral diagnosis Number of admissions Average length of 
hospital stay

Total number of 
hospital days

% P-value* In days P-value*

Disease
COPD 32.2 10.3 332
Coronary heart disease 39.1 0.002 7.3 0.235 285
Asthma 25.6 0.021 6.6 0.021 168
Diabetes Mellitus 28.2 0.068 9.0 0.789 253

Age category
0 year 46.2 0.085 3.9 0.911 124
1-40 years 23.4 3.7 78
41-60 years 36.3 0.000 8.0 0.001 289
61-80 years 32.6 0.000 8.8 0.001 286
Over 80 years 34.8 0.001 8.7 0.013 301

Type of insurance
Public 32.2 8.5 274
Private 38.0 0.015 6.0 0.003 224

*Compared to the reference group (Disease: COPD; Age group: 1-40 years; Type of insurance: 
Public health insurance)

The total number of hospital days per 100 referrals increases with age (with the exception of the 
first age category (0 year)). The age category 41-60 years shows the highest percentage (36.3%) 
for admission. The number of hospital days per 100 referrals is higher for those with public health 
insurance than for those with private health insurance (274 versus 224 hospital days respectively). 
In contrast, the number of admissions is higher for patients with private health insurance than for 
patients with public health insurance (38.0% and 32.2% respectively). 
 
Discussion
This study presents the results of a pilot study into the possibilities of linking anonymised general 
practice data with hospital registration data. Our study shows that 78% of the referred patients in the 
LINH database could be matched to LAZR and/or LMR data. By implication, 22% of patients referred 
to a medical specialist were not found in the LAZR and/or LMR. This may be due to various reasons. 
First, the LAZR only contains data from 75% of Dutch hospitals. This means that a number of 
outpatient consultations can never be linked to GP referrals. 
Second, only 28 hospitals record all outpatient consultations in the LAZR. The other hospitals just record 
the first outpatient consultation in a specific calendar year. Thus, the follow-up consultations in that 
same calendar year will not be included in the linkage. The actual number of successful LINH-LAZR links 
is therefore an underestimation of the actual number of outpatient consultations. To be able to correct 
for this underestimation in follow-up linkage operations, a ‘repeat factor’ needs to be devised for those 
hospitals that do not register all outpatient consultations using data from hospitals that do register all 
outpatient consultations. The quality of the LAZR data is not expected to improve in the near future.
Third, not all of the GP referrals lead to an outpatient consultation, day treatment and/or hospital 
admission, because of certain circumstances or events. For example, spontaneous recovery or death 
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can occur between the referral date and the date of hospital admission, day treatment or outpatient 
consultation. Moreover, this could be a consequence of, for example, waiting lists. It is not known 
what percentage of GP referrals has no follow-up in the hospital.
Fourth, the four-digit postal code of the patient in the LINH and the code of the same patient in 
the LAZR and/or LMR may not match, because the patient has moved to another postal code area. 
The average yearly chance for people moving to another postal code area is 7.5%. This percentage 
is different for each age category and disease (1). The loss of patient data through moving could 
be bypassed by linking with the Municipal Personal Records Database (GBA). The GBA contains 
administrative data on all people officially registered as Dutch citizens and records information on 
people who move, including their new address. An earlier linkage operation of GBA and LMR data 
proved technically and qualitatively viable (1). However, we were not able to use the GBA data in 
the present pilot study.
Finally, the registers may contain recording errors as a consequence of typing errors or missing 
values. However, an internal study by Prismant into the reliability of the LMR showed that 99% of the 
data had been entered correctly (5). The quality of the LINH data is investigated on a yearly basis. 
Following training for GPs, the error rate of those participating can be reduced to less than 1% (4). 
As yet little is known about the reliability of the LAZR data. However, the failure to link referrals 
because of registration errors is not likely to result in a large underestimation of the health care 
utilization of patients with chronic diseases.

To quantify the health care utilization of patients with chronic diseases, the linkage outcome was 
corrected for the set period between referral and hospital admission or outpatient consultation. 
About 63% of the patients referred by a GP could be used to describe the health care utilization per 
referral. The length and limits of the set period are arbitrary. Changing them will result in different 
percentages. Yet, setting the limits at 180 days before referral and 360 days after referral is inspired 
by the validity period of GP referrals in relation to health insurance claims. Claims for reimbursement 
of disease costs require a valid referral and a referral remains valid until one year after its date of 
issue. The methods of reimbursement differ between health insurers. 
To explore the validity of the linkage, we compared the linked and non-linked patient groups. The 
linked patients are on average slightly older than the non-linked patients, possibly because older 
people tend to move house less often than younger people (1). This explanation is confirmed by the 
disease-specific linkage percentages: patients with asthma are on average younger and their linkage 
percentage is lower than the percentage for the other diseases (Table 2.3).
In addition, the percentage of patients with public health insurance differs between non-linked 
and linked patient groups (86.4% and 89.4% respectively). This is probably due to the fact that for 
individuals with public health insurance, a referral is obligatory for the reimbursement of costs, while 
for individuals with private health insurance this is not always the case. Patients with public insurance 
are therefore issued more referrals than those with private insurance, with a consequent increase in 
the chance of their records getting linked. During the past few years, the status of the referral has 
been changing which has resulted in an increase of patients visiting a medical specialist directly 
(4;11). After correction for the set period, there was no significant difference between the linked and 
non-linked patient groups in the linkage percentage of publicly insured people. 
The linkage percentage also differs for the four individual diseases. For the linkage corrected for the 
set period, this difference can partly be explained by the difference in age. For the linkage without 
the correction, this difference cannot be entirely attributed to the difference in age between the four 
disease groups. 
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Another possible explanation is that the moving patterns of people with different diseases vary. 
Thus, the yearly chance of people with asthma or COPD moving is 12.9% versus 4.9% for people 
with an acute myocardial infarction (1). 
 
Delnoij et al. (3) were able to link 19% of the patients from the LINH database with LMR data. In the 
present linkage, 44% of the LINH patients could be linked with LMR data on hospital admission. 
Obviously, the recommendations made by Delnoij et al. contributed to the increase in the percentage 
of successful links in our study. This medical record linkage operation enables us to quantify a part of 
the entire care pathway of patients with chronic diseases, namely GP and (outpatient) hospital care.
This pilot study presents the technical possibilities of linking GP data with hospital data, and shows 
that, through improving secondary data we may gain insight into disease-specific utilization of GP 
and hospital care. The present linkage operation will be followed up with data from the Second 
Dutch National Survey General Practitioners (Dutch abbreviation: NS2) (7) which will be linked to 
LMR and LAZR data. 

References
(1)  Centraal Bureau voor de Statistiek (CBS). Het herkennen van Ziekenhuisopnamen en overlijden 

in cohortonderzoek via landelijke registraties; Een pilotstudie naar de technische uitvoerbaar-
heid en de kwaliteit van het anoniem koppelen van records uit de Landelijke Medische Regi-
stratie, de Gemeentelijke Basisadministratie en de Statistiek van Doodsoorzaken. Voorburg: 
CBS, 2001. 

(2)   Van Oers JAM (red.). Gezondheid op koers? Volksgezondheid Toekomst Verkenning 2002. 
RIVM rapportnr. 270551001. Bilthoven: RIVM, 2002.

(3)   Delnoij DMJ, Kok FW, Frijters DHM. Van verwijzing door de huisarts tot opname in het ziekenhuis; 
Een pilot-studie naar morbiditeitspecifiek zorgbeslag. Tijdschr Gezonheidswet 1997;75:320-6.

(4)  De Bakker DH, Jabaaij L, Abrahamse H, et al. Jaarrapport LINH 2000; Contactfrequenties, 
verrichtingen en monitoring griepvaccinatie en cervixscreening in het Landelijk Informatie Net-
werk Huisartsenzorg (LINH). Utrecht: NIVEL, 2001.

(5)  Paas GRA, Veenhuizen KCW. Onderzoek naar de betrouwbaarheid van de LMR.Utrecht: Pris-
mant, 2002.

(6)   Stichting Informatisering Gezondheidszorg (SIG). Gebruikershandleiding Landelijke Ambulan-
te Zorg Registratie. Utrecht: SIG Zorginformatie, 1999.

(7)   Schellevis FG, Westert GP, de Bakker DH, Groenewegen PP. Tweede Nationale Studie naar 
ziekten en verrichtingen in de huisartspraktijk. Projectplan. Utrecht: NIVEL, 2000. 

(8)  Wet van 6 juli 2001, STB.302, houdende regels inzake de bescherming van persoonsgegevens 
(Wet Bescherming Persoonsgegevens), zoals gewijzigd bij de Wetten van 5 april 2001, Stb. 180, 
6 december 2001, Stb. 581 en 584, 12 december 2001, Stb. 664, en 7 februari 2002, Stb. 148. 

(9)   Schellevis FG, Westert GP, de Bakker DH, Groenewegen PP, van der Zee J, Bensing JM. De 
tweede Nationale Studie naar ziekten en verrichtingen in de huisartsenpraktijk: aanleiding en 
methoden. Huisarts Wet 2003;46:7-12.

(10)   Reitsma JB, Bonsel GJ, Heisterkamp SH. Medical Record Linkage: general principles and its 
similarity with medical diagnosis. In: Registers in cardiovascular Epidemiology [thesis]. Amster-
dam: Universiteit van Amsterdam; 1999.

(11)  Verheij R, Labaaij L, de Bakker D, et al. LINH Jaarrapport 2001; Cijfers uit het Landelijk Infor-
matie Netwerk Huisartsenzorg: contacten, verwijzingen en voorschrijven in de huisartspraktijk. 
Utrecht: NIVEL, 2002. 

(12)  Centraal Bureau voor de statistiek (CBS). www.cbs.nl/en/statLine/index.htm.



   



Comorbidity in Patients With 
Diabetes Mellitus: Impact on 
Medical Health Care Utilization
BMC Health Serv Res 4-7-2006;6:84(pag.1-9)

Chapter 3



36   |   Chapter 3 



  |   37

Chapter 3

Comorbidity in Patients With Diabetes Mellitus: 
Impact on Medical Health Care Utilization
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mellitus: impact on medical health care utilization. BMC Health Serv Res 4-7-2006;6:84(pag.1-9)

Abstract 
Background Comorbidity has been shown to intensify health care utilization and to increase medical 
care costs for patients with diabetes. However, most studies have been focused on one health care 
service, mainly hospital care, or limited their analyses to one additional comorbid disease, based on 
self-reported questionnaires instead of health care registration data. The purpose of this study is to 
estimate the effects of a broad spectrum of vascular and non-vascular comorbidities on the type and 
volume of medical health care utilization of patients with diabetes. 
Methods and data By linking general practice and hospital based registrations in the Netherlands, 
data on comorbidity and health care utilization of patients with diabetes (n=7,499) were obtained. 
Comorbidity was defined as vascular comorbidity and as non-vascular comorbidity. Multilevel 
regression analyses were applied to estimate the effects of comorbidity on health care utilization.
Results Diabetes patients without comorbidity use considerably less GP care, ambulatory specialist 
care and hospital admissions as compared with diabetes patients with comorbidity. However, no 
systematic differences were observed between vascular and non-vascular comorbidities. Specific 
comorbidities on the other hand result in differential health care utilization patterns. 
Conclusions The large impact on health care utilization of diabetes patients occurs when in addition 
to diabetes vascular and non-vascular comorbidities are included. This finding underline the 
importance of primary prevention and (further) improvement of the diabetes care in order to prevent 
both vascular and non-vascular comorbidities to occur. Non-vascular comorbidity increases the 
health care demand as much as vascular comorbidity. Current single-disease approach of integrated 
diabetes care should be extended with additional care modules, which must be generic and include 
multiple diseases in order to meet the complex health care demands of patients with diabetes in 
the future.
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Introduction
Comorbidity, defined as the occurrence of one or more chronic conditions in the same person 
with an index-disease, occurs frequently among patients with diabetes (1,2). Currently, integrated  
diabetes care programs focus on vascular comorbidities like cardiovascular diseases, retinopa-
thy, nephropathy and diabetic foot. However, patients with diabetes do not only have vascular  
comorbidity but also have non-vascular comorbidity of which the relationship with diabetes is (still) 
not understood, such as musculoskeletal diseases and depression  (2-5). With the ongoing popu-
lation aging of Western societies, not only the number of patients with diabetes is expected to in-
crease, but also the number of patients with diabetes with comorbidity. This implies that the current 
single disease management approach is not applicable to a large part of the patients with diabetes 
in the future.
Comorbidity among patients with diabetes is associated with considerable consequences for health 
care and related costs (6-15). Comorbidity has been shown to intensify health care utilization and to 
increase medical care costs for patients with diabetes. However, most studies have been focused 
on one health care service, mainly hospital care (6,11,12), or limited their analyses to one additional 
comorbid disease (7,11). In addition, previous studies on multidisciplinary health care utilization were 
based on self-reported questionnaires instead of health care registration data (9). We elaborated on 
these studies by taking into account a broad spectrum of comorbidities and focusing on multiple 
health care services by linking data of different health care registrations. 

The aim of this study is to examine the impact of comorbidity in patients with diabetes on the 
use of general practitioner (GP) care, medical specialist care and hospital care. After presenting 
the prevalence figures of comorbidity in patients with diabetes, the following questions will be 
addressed: what is the effect of vascular and non-vascular comorbidity on the type and volume of 
health care utilization of patients with diabetes? And, which comorbidity pattern has the highest 
additional effect?
A better understanding of the effects of the different types of comorbidity on the type and volume of 
medical health care utilization is essential to gain insight into future health care demands of patients 
with diabetes.

Methods
Design
Data on comorbidity and health care utilization were derived from three health care registrations. Firstly, 
data were obtained from the second Dutch National Survey of General Practice (Dutch abbreviation: 
NS2)(16). The NS2 was carried out in 104 general practices (including 195 General Practitioners (GPs)) 
in the Netherlands in 2001. The NS2 includes approximately 385,000 patients, with data about 1,5 
million encounters, 2,2 million prescriptions of pharmaceuticals and 170,000 first time referrals to other 
health care providers. Diagnoses were coded according to the International Classification of Primary 
Care (ICPC) (17). The study population is representative of the Dutch population regarding age, gender 
and type of health care insurance (17). Dutch GPs are the gatekeepers for medical specialised care and 
nearly all non-institutionalised patients are listed to a GP.
Secondly, information about consultations of medical specialists were obtained from the National 
Register of ambulatory care (Dutch abbreviation: LAZR) for the years 1999 until 2002 (18). In the 
Netherlands, medical specialists work in hospitals. In 2001, 108 out of the 120 hospitals in the 
Netherlands have joined the LAZR. Forty-five percent of the hospitals register all visits to a medical 
specialist. The other hospitals register only the first visit during a certain calendar year. Records 
comprise date of birth, gender, area zip code, medical specialty and date of consultation. In 2001, 
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about 8,7 million consultations of medical specialists were registered in this register. 
Thirdly, data were obtained from the National Medical Register (Dutch abbreviation: LMR) for the 
years 1999 until 2002 (19). This database has an almost complete coverage (99%) of all hospital 
admissions in the Netherlands. Records comprise date of birth, gender, area zip code, length of stay, 
diagnosis at discharge and vital status at discharge. Diagnoses at discharge are coded according 
to the International Classification of Diseases, Ninth Revision (20). The total number of hospital 
admissions amounted to about 1,5 million in 2001. 

Patient linkage
We used gender, date of birth and area zip code of the patient as linking variables for the linkage 
of records in the different registrations, since a unique identifier is not available in the Netherlands 
(21). A pilot linkage was successfully carried out in order to evaluate the representativeness of the 
linkage and the resulting population (22). The starting point of the linkage is a GP referral. On the 
basis of each GP referral we searched for corresponding records in the ambulatory care and hospital 
registers. We restricted the period in the registers for each separate referral to 180 days before and 
360 days after the referral date. Linkages outside this period were excluded from the analyses. 

Study population
First, patients with missing values on any of the linking variables and patients with a non-unique 
combination of linking variables in the NS2 were excluded from the analyses (n=24,193, 6%). 
Subsequently, we selected patients who had contacted their GP for diabetes mellitus (ICPC code 
T90) in 2001 (n=9,313). In addition, we excluded patients with missing information on socioeconomic 
status, which was indicated by highest educational level (n=1,814). Socioeconomic status was included 
as a confounding variable. In total, 7,499 diabetes mellitus patients were included in the analyses.
 
Measures
We included the following measures of medical health care utilization in the analysis: number of 
contacts with the GP (per year), total number of prescriptions by the GP (per year), mean number of 
prescriptions per GP contact, consultation of medical specialist (yes/no), number of consultations of 
the medical specialist (per year) (of those who consulted the medical specialist), hospital admission 
(yes/no), number of hospital admissions (per year) (of those who were admitted to the hospital), 
average length of stay per hospital admission, and total number of hospital days (per year).
Micro- and macrovascular comorbidity was defined as chronic conditions which have a vascular 
relationship with diabetes or which appeared to be vascular complications of (the treatment) of 
diabetes. Non-vascular comorbidity was defined as chronic conditions of which the relationship 
with diabetes is still not (well) understood (23), but are not the result of vascular damage. Comorbid 
conditions were based on diagnosis recorded by GPs. Vascular comorbidity included the following 
chronic conditions: heart diseases (K74-K77), stroke (K90), retinopathy (F83), nephropathy (U99) and 
diabetic foot (S97). Non-vascular comorbidity was defined as depression (P76), lung diseases (Chronic 
Obstructive Pulmonary Disease (COPD) (R91, R95) and asthma (R96)), musculoskeletal diseases, 
neurological diseases and cancer. Musculoskeletal disease was defined as any of the following 
conditions: low back pain (L02, L03 and L86), shoulder and neck pain (L01, L08) and osteoarthritis of 
knee (L13), hip (L15) or spine (L84, L89-91). Neurological disease was defined as multiple sclerosis 
(N86), Parkinson’s disease (N87) and epilepsy (N88). Cancer was defined as non-Hodgkin disease 
(B74), stomach cancer (D74), colon cancer (D75), oesophagus cancer (D77), lung cancer (R84), skin 
cancer (S77), breast cancer (X76), and prostate cancer (Y77).
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Table 3.1: Patient characteristics and unadjusted medical health care utilization of patients with 
diabetes specified for absence/presence of comorbidity and type of comorbidity 
(%  or mean (standard deviation (SD) (n=7,499))

 DM only DM + any comorbidity 
(n=3,324)

Type of comorbidity

DM + only
dm-related 
comorbidity

DM + only
non dm-related 
comorbidity

DM + both types of 
comorbidity

Number of comorbidities 1 2 ≥3

(n=4,175) (n=2,419) (n=718) (n=187) (n=871) (n=1,856) (n=597)

%/ Mean (SD) %/ Mean (SD) %/ Mean (SD) %/ Mean (SD) %/ Mean (SD) %/ Mean (SD) %/ Mean (SD) P-value

Percentage of total (%) 55.7 32.3 9.6 2.5 11.6 24.7 8.0

Patient characteristics

Sex (% male) 48.4 43.7 40.4 41.2 51.2 39.0 42.5 0.000

Mean age (in years) 62.6 66.9 71.1 72.9 71.5 64.9 73.1 0.000

Educational level (%) # low 43.2 49.8 55.6 59.4 56.1 47.3 58.3 0.000
middle 46.3 42.7 40.8 35.3 37.3 45.4 37.7

high 10.5 7.4 3.6 5.3 6.5 7.3 4.0

Mean number of comorbidities 1.11 1.13 2.34 0.000

Medical health care utilization

GP care

% of patients with GP contacts 100 100 100 100 100 100 100

Number of contacts with GP (per year) 8.9 (6.5) 13.7 (8.60) 20.8 (12.8) 28.8 (15.9) 15.0 (10.6) 14.3 (9.1) 23.2  (14.0) 0.000

% of patients with prescriptions 97.0 98.5 99.3 98.4 99.4 98.2 99.2 0.000

Number of prescriptions (per year) 18.1(16.8) 25.9 (21.0) 39.8 (31.3) 57.1 (44.2) 32.0  (25.3) 25.6 (23.0) 44.4  (33.9) 0.000

Ambulatory medical specialist care†

% of patients with consultations 12.3 23.0 30.4 38.0 17.8 26.5 33.3 0.000

Number of consultations (per year) 2.1 (1.4) 2.7 (1.7) 3.4 (2.0) 4.0 (2.3) 2.7 (1.6) 2.8 (1.8) 3.6 (2.2) 0.000

Hospital care

% of patients with hospital admission† 5.1 14.7 23.1 31.0 13.8 16.2 26.5 0.000

Number of hospital admissions (per year) 1.7 (1.3) 2.3 (2.1) 2.9 (2.8) 3.2 (2.3) 2.7 (2.3) 2.3  (2.3) 2.9 (2.5) 0.000

Average length of stay (per admission) 6.7 (10.6) 6.3 (7.7) 8.0 (7.5) 11.2 (11.4) 7.9 (7.8) 5.8  (7.6) 9.5 (9.1) 0.001

Total hospital days (per year) 10.7 (16.3) 14.8 (21.0) 22.4 (26.5) 31.9 (27.3) 21.1 (24.4) 14.2   (22.1) 25.3  (25.6) 0.000

DM= diabetes mellitus; GP= general practitioner. #= low: none and primary school; middle:  
secondary school or lower and intermediate vocational training; high: higher vocational training  
or university. †= only first referrals are included in the analysis
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Table 3.1: Patient characteristics and unadjusted medical health care utilization of patients with 
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(%  or mean (standard deviation (SD) (n=7,499))
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middle 46.3 42.7 40.8 35.3 37.3 45.4 37.7

high 10.5 7.4 3.6 5.3 6.5 7.3 4.0

Mean number of comorbidities 1.11 1.13 2.34 0.000
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Number of consultations (per year) 2.1 (1.4) 2.7 (1.7) 3.4 (2.0) 4.0 (2.3) 2.7 (1.6) 2.8 (1.8) 3.6 (2.2) 0.000

Hospital care

% of patients with hospital admission† 5.1 14.7 23.1 31.0 13.8 16.2 26.5 0.000

Number of hospital admissions (per year) 1.7 (1.3) 2.3 (2.1) 2.9 (2.8) 3.2 (2.3) 2.7 (2.3) 2.3  (2.3) 2.9 (2.5) 0.000
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Statistical analyses
We categorized comorbidity in two ways: 1) the presence/absence of any comorbidity, and 2) four 
mutually exclusive categories of no comorbidity, vascular comorbidity only, non-vascular comorbidity 
only, and both vascular and non-vascular comorbidity. 
First, we compared the patient characteristics and assessed differences in health care utilization 
between the patient groups by performing chi-square tests and t-tests (Table 3.1).
Subsequently, multilevel analyses were applied to estimate the effects of comorbidity on health 
care utilization. Multilevel analyses were used because of the two-level structure of the data  
(i.e. practice level and patient level), allowing us to adjust for variation among GP-practices (e.g. 
variation regarding diabetes control and prescription behaviour) (Table 3.2 and 3.3). We estimated 
the effect of comorbidity on health care utilization in three ways: 1) the effect of presence of any 
comorbidity (Table 3.2), 2) the effect of type of comorbidity (vascular or non-vascular) (Table 3.2), and 
3) the effect of specific comorbidity (Table 3.3). 
The presence of any comorbidity, type of comorbidity and specific comorbidities were coded as 
dummy variables. In all multilevel analyses, we adjusted for age, gender and educational level 
of the patient (all fixed effects) and GP-practices (random effect) and the patient group without 
comorbidity was used as reference group. In all multilevel analyses, variances in the health care 
utilization were assessed both at the GP practice-level and the individual level. The size of the GP 
practice level variance (between GP-practice variation) and the size of the individual-level variance 
are expressed relative to the overall variance. The effect sizes as results of the multilevel linear and 
logistic regression analyses were expressed as coefficient (ß) with 95% confidence intervals (CI) or as 
odds ratio (OR) with the corresponding 95% CI. 

Results
Of all patients referred by their GP to a medical specialist 87% could be linked to a hospital admission, 
an outpatient treatment or an outpatient visit.

In Table 3.1, data on patient characteristics and health care utilization measures are listed. About 44% 
(n=3,324) of the patients with diabetes had any additional comorbidity, while 56% of the patients 
with diabetes had no additional comorbidity (n=4,175). The comorbid patients were categorized 
into one, two and three or more comorbidities. Patients with diabetes without comorbidity were 
younger (62.6 versus 66.9, 71.1 and 72.9 years of age), were more likely to be male (48.4% 
versus 43.7%, 40.4% and 41.2% males) and higher educated (10.5% versus 7.4%, 3.6% and 5.3% 
high educated patients). After specifying the comorbidity as vascular or non-vascular, significant 
differences in patient characteristics between the comorbid patient groups were observed. Patients 
with vascular comorbidities were more likely to be male compared with the other comorbid patient 
groups (51.2% males versus 39.0% and 42.5%, respectively). Patients with both vascular and non-
vascular comorbidity were on average older compared with patients with either vascular or non-
vascular comorbidity (73.1 versus 71.5 and 64.9 years of age respectively) and more likely to be 
lower educated (4.0% versus 6.5% and 7.3% high educated patients respectively). 

Medical health care utilization
A clear gradient was observed between the number of comorbidities and increase of health care 
utilization, with the exception of the percentage of patients with prescriptions, which was in all 
patient groups almost 100% (Table 3.1). No large differences were observed in the use of GP care 
between patients with either vascular comorbidity or non-vascular comorbidity. Patients with both 
types of comorbidity visit their GP more frequently than patients with either vascular comorbidity or 
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non-vascular comorbidity (23.2 vs. 15.0 and 14.3 GP contacts respectively). The same pattern was 
observed for the total number of prescriptions per year. 
Fewer patients with diabetes only consulted the medical specialist (12.3%) compared to the patient 
groups with vascular comorbidity, non-vascular comorbidity or both (17.8%, 26.5% and 33.3% 
respectively). The same pattern was observed for the mean number of consultations with the medical 
specialist, for being admitted to the hospital, the mean number of hospital admissions and for the 
total number of hospital days. The average length of stay in the hospital for patients with non-
vascular comorbidity was relatively shortest (5.8 days).

Multilevel modeling showed that 16% of the total variance in the number of GP contacts was related 
to the GP practice level, and that 84% occurred at the individual level (not tabulated). This means 
that the number of GP contacts of patients with diabetes within GP-practices are correlated, and as a 
consequence, that using one-level linear regression models will lead to less valid estimates. Variance 
at the GP practice level was also substantial in the number of GP prescriptions (11%) and having 
consulted a medical specialist (8%) but diminished in other health care utilization measures, varying 
from 5% (number of consultations with medical specialist) till 1% (average length of stay).

In the multilevel multivariate analyses, a strong gradient was observed between the number of 
comorbidities and health care utilization measures after adjustment for age, gender, educational 
level and GP-practice (Table 3.2). An increasing number of comorbidities resulted in an increase in 
health care utilization for all measures. 
For patients with vascular comorbidity or non-vascular comorbidity, no differences were found 
for the number of GP visits (4.6 and 4.7 respectively), number of hospital admissions (0.3 and 0.3 
respectively) and average length of stay in the hospital (0.7 days and 0.6 days respectively). Patients 
with both vascular and non-vascular comorbidity have the highest health care utilization with respect 
to both GP care, medical specialist care and hospital care. 

Table 3.3 shows that each specific comorbidity increased the use of GP care substantially, especially 
diabetic foot (8.5 additional GP contacts and 20.9 additional prescriptions (mainly bandages)), 
compared with patients with diabetes without comorbidity.  
The effects of comorbidity on the use of medical specialist care differ between specific comorbidities. 
For retinopathy, nephropathy, diabetic foot and neurological diseases no significant differences 
were observed in the number of consultations with the medical specialist compared with patients 
with diabetes without comorbidity. In addition, the ORs for having consulted the medical specialist 
differed significantly only for heart diseases, stroke and musculoskeletal diseases as compared with 
the reference group (OR=1.7, OR=2.0 and OR=3.6 respectively).
Patients with diabetes, having a heart disease or stroke as a comorbid disease, showed the relatively 
largest increase in hospital care (3.1 and 3.3 additional hospital days respectively). The average 
length of stay was significantly higher in most of the comorbidities, with exception of retinopathy, 
nephropathy and neurological diseases. For heart diseases, stroke, musculoskeletal diseases, 
medical health care utilization was significant increase compared with the reference group for all 
health care measures. The other comorbid diseases resulted in a significant increase of health care 
utilization for only two or three health care utilization measures. 
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Table 3.2: Effect of comorbidity of patients with diabetes on medical health care utilization adjusted 
for age, gender, educational level and GP practice specified for type of comorbidity with the 
patient group without comorbidity as reference group (coefficient and 95% confidence interval (CI) 
and Odds Ratio (OR) and 95% CI (n=7,499))

 
 

DM+ any comorbidity 
(n=3,324) 

Type of comorbidity

DM+ only 
DM-related 
comorbidity
(n=871)

DM+ only 
non DM-related 
comorbidity 
(n=1,856)

DM + both 
types of 
comorbidity
(n=597)Number of comorbidities       1 (n=2,419)       2 (n=718)      ≥3 (n=187)

 
 ß/OR CI 95%
  

 3.9 (3.6, 4.3)

 *

 6.9 (5.9, 7.9)

 

 

  2.4 (2.1, 2.8)

 0.4 (0.3, 0.4)

 

 

  3.4 (2.9, 4.2) 

 0.3 (0.2, 0.3)

 0.6 (0.4, 0.7) 

 1.5 (1.1, 2.0)

 ß/OR CI 95%
  

 10.3 (9.7, 10.9) 

 *

 19.2 (17.6, 20.8)

 

 

 3.7 (3.1, 4.6)

 0.8 (0.7,0.9)

 

 

  6.4 (5.1, 8.2)

 0.6 (0.5, 0.7)

 1.4 (1.1, 1.7)

 4.5 (3.7, 5.2)

 
ß/OR CI 95%
  

18.0 (16.9, 19.1)

 *

 35.9 (33.0, 38.7)

 

 5.6 (4.0, 7.9)

 1.3 (1.1, 1.5)

 

 

  9.8 (6.8, 14.0)

 0.9 (0.8, 1.1)

 3.0 (2.5, 3.6)

 9.1 (7.8, 10.4)

 ß/OR CI 95%
  

 4.6 (4.1, 5.2)

 *

  11.7 (10.3, 13.2)

 

 

 1.7 (1.4, 2.1)

 0.2 (0.1, 0.3)

 

 

  3.3 (2.5, 4.2)

 

 0.3 (0.2, 0.4)

 0.7 (0.4, 0.9)

 2.2 (1.5, 2.8) 

 ß/OR CI 95%
  

 4.7 (4.2, 5.1)

 *

 7.0 (5.9, 8.0)

 2.9 (2.5, 3.3)

 0.5 (0.4, 0.6)

 3.8 (3.2, 4.6)

 

 0.3 (0.2, 0.4)

 0.6 (0.4, 0.9)

 1.7 (1.2, 2.2)

 ß/OR CI 95%
  

 12.4 (11.7, 13.0)

 *

 23.4 (21.7, 25.2)

 4.3 (3.5, 5.4)

 1.0 (0.8, 1.1)

 7.7 (6.0, 9.9)

 0.7 (0.6, 0.8)

 2.1 (1.8, 2.4)

 5.9 (5.1, 6.7)

GP care

 No. of visits to GP (ß)

% patients with prescriptions (OR)

 No. of prescriptions (ß)

 

Ambulatory medical specialist care†

% of patients with consultations (OR) 

No. of consultations (ß)

 

Hospital care

% patients with hospital admission (OR)

No. of hospital admissions (ß)

Average length of stay (ß)

Total hospital days (ß)

DM= diabetes mellitus; GP= general practitioner; * = ORs for getting pharmaceuticals prescribed could 
not be calculated validly, due to the high percentage of patients who get pharmaceuticals 
prescribed; † = only first referrals are included in the analysis
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Table 3.2: Effect of comorbidity of patients with diabetes on medical health care utilization adjusted 
for age, gender, educational level and GP practice specified for type of comorbidity with the 
patient group without comorbidity as reference group (coefficient and 95% confidence interval (CI) 
and Odds Ratio (OR) and 95% CI (n=7,499))

 
 

DM+ any comorbidity 
(n=3,324) 

Type of comorbidity

DM+ only 
DM-related 
comorbidity
(n=871)

DM+ only 
non DM-related 
comorbidity 
(n=1,856)

DM + both 
types of 
comorbidity
(n=597)Number of comorbidities       1 (n=2,419)       2 (n=718)      ≥3 (n=187)

 
 ß/OR CI 95%
  

 3.9 (3.6, 4.3)

 *

 6.9 (5.9, 7.9)

 

 

  2.4 (2.1, 2.8)

 0.4 (0.3, 0.4)

 

 

  3.4 (2.9, 4.2) 

 0.3 (0.2, 0.3)

 0.6 (0.4, 0.7) 

 1.5 (1.1, 2.0)

 ß/OR CI 95%
  

 10.3 (9.7, 10.9) 

 *

 19.2 (17.6, 20.8)

 

 

 3.7 (3.1, 4.6)

 0.8 (0.7,0.9)

 

 

  6.4 (5.1, 8.2)

 0.6 (0.5, 0.7)

 1.4 (1.1, 1.7)

 4.5 (3.7, 5.2)

 
ß/OR CI 95%
  

18.0 (16.9, 19.1)

 *

 35.9 (33.0, 38.7)

 

 5.6 (4.0, 7.9)

 1.3 (1.1, 1.5)

 

 

  9.8 (6.8, 14.0)

 0.9 (0.8, 1.1)

 3.0 (2.5, 3.6)

 9.1 (7.8, 10.4)

 ß/OR CI 95%
  

 4.6 (4.1, 5.2)

 *

  11.7 (10.3, 13.2)

 

 

 1.7 (1.4, 2.1)

 0.2 (0.1, 0.3)

 

 

  3.3 (2.5, 4.2)

 

 0.3 (0.2, 0.4)

 0.7 (0.4, 0.9)

 2.2 (1.5, 2.8) 

 ß/OR CI 95%
  

 4.7 (4.2, 5.1)

 *

 7.0 (5.9, 8.0)

 2.9 (2.5, 3.3)

 0.5 (0.4, 0.6)

 3.8 (3.2, 4.6)

 

 0.3 (0.2, 0.4)

 0.6 (0.4, 0.9)

 1.7 (1.2, 2.2)

 ß/OR CI 95%
  

 12.4 (11.7, 13.0)

 *

 23.4 (21.7, 25.2)

 4.3 (3.5, 5.4)

 1.0 (0.8, 1.1)

 7.7 (6.0, 9.9)

 0.7 (0.6, 0.8)

 2.1 (1.8, 2.4)

 5.9 (5.1, 6.7)

GP care

 No. of visits to GP (ß)

% patients with prescriptions (OR)

 No. of prescriptions (ß)

 

Ambulatory medical specialist care†

% of patients with consultations (OR) 

No. of consultations (ß)

 

Hospital care

% patients with hospital admission (OR)

No. of hospital admissions (ß)

Average length of stay (ß)

Total hospital days (ß)

DM= diabetes mellitus; GP= general practitioner; * = ORs for getting pharmaceuticals prescribed could 
not be calculated validly, due to the high percentage of patients who get pharmaceuticals 
prescribed; † = only first referrals are included in the analysis
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Table 3.3: Effect of comorbidity of patients with diabetes on medical health care utilization adjusted 
for age, gender, educational level and GP practice specified by comorbidity with the patient group
without comorbidity as reference group (coefficient and 95% confidence interval (CI) and Odds Ratio 
(OR) and 95% CI) 

DM = diabetes mellitus; GP = general practitioner; * =  ORs for getting pharmaceuticals prescribed 
can not be calculated due to the high percentages of patients who get pharmaceuticals prescribed; 
† = only first referrals are included in the analysis.

DM-related comorbidity  Heart diseases
 (n=1,096)

 Stroke 
 (n=218)

 Retinopathy 
 (n=63)

 Nephropathy 
 (n=57)

 Diabetic Foot 
 (n=204)

 ß/OR CI 95%  ß/OR  CI 95%  ß/OR CI 95%  ß/OR CI 95%  ß/OR CI 95%

GP care

No. of visits to GP (ß)  5.2 (4.74, 5.73)

 *

 12.8 (11.52, 14.1) 

 1.7 (1.5, 2.1)

 0.4 (0.3, 0.4)

 2.6 (2.2, 3.2)

 0.4 (0.3, 0.4)

 0.9 (0.7, 1.1)

 3.1 (2.5, 3.7)

3.4 (2.4, 4.4)  3.20 (1.37, 5.04)

      *

 5.62 (0.90, 10.36)

 1.4 (0.8, 2.7)

 -0.2 (-0.1, 0.5)

 1.9 (1.00, 3.7)

 0.3 (0.1, 0.6)

 0.7 (-0.2, 1.6)

 2.1 (0.0, 4.3)

5.6 (3.7, 7.6) 8.46 (7.42, 9.48)

% patients with prescriptions (OR)   * * *

No. of prescriptions (ß) 4.1 (1.6, 6.7) 12.1 (7.2, 17.0) 20.88 (18.23, 23.54)

Ambulatory medical specialist care†

% of patients with consultations (OR) 2.0 (1.5, 2.9) 1.0 (0.5, 1.9) 1.0 (0.7, 1.5)

No. of consultations (ß) 0.4 (0.2, 0.6) -0.1 (-0.5, 0.2) 0.0 (-0.2, 0.2)

Hospital care

% patients with admission (OR) 2.8 (2.0, 4.1) 0.9 (0.4, 1.9) 1.4 (0.9, 2.1)

No. of hospital admissions (ß) 0.4 (0.2, 0.5) 0.2 (-0.1, 0.4) 0.1 (-0.0, 0.2)

Average length of stay (ß) 1.5 (1.0, 2.0) -0.2 (-1.1,0.7) 0.8 (0.3, 1.3)

Total hospital days (ß) 3.3 (2.1, 4.4) 0.8 (-1.5, 3.1) 2.4 (1.2, 3.6)

Non DM-related comorbidity  Depression 
 (n=295)

 Neurological diseases 
(n=69)

 Musculoskeletal Diseases 
 (n=1,722)

 Lung Diseases 
 (n=531)

 Cancer 
 (n=206)

 ß/OR CI 95%  ß/OR 0  CI 95%  ß/OR  CI 95%  ß/OR  CI 95%  ß/OR  CI 95%

GP care

 5.3 (4.6, 5.9)

      *

 15.3 (13.6, 17.0)

 1.2 (1.0, 1.5)

 0.3 (0.2, 0.4)

 1.2 (0.9, 1.6)

 0.1 (0.1, 0.2)

 0.4 (0.0, 0.7)

 1.47 (0.7, 2.2)

No. of visits to GP (ß)  6.8 (5.9, 7.6)

 *

 12.9 (10.6, 15.1) 

 1.1 (0.8, 1.5)

 0.2 (0.1, 0.3)

 1.3 (0.9, 1.9)

 0.1 (0.0, 0.2)

 0.5 (0.1, 0.9)

 1.5 (0.5, 2.6)

4.1 (2.4, 5.9)  4.1 (3.7, 4.5)

      *

 4.2 (3.2, 5.3)

 3.6 (3.1, 4.1)

 0.6 (0.6, 0.7)

 3.8 (3.2, 4.4)

 0.3 (0.3, 0.4)

 0.9 (0.7, 1.1)

 2.3 (1.8, 2.7)

 5.9 (4.9, 6.9)

       *

 3.4 (0.8, 6.1)

 1.3 (0.9, 1.9)

 0.4 (0.2, 0.5)

 1.8 (1.2, 2.7)

 0.4 (0.2, 0.5)

 0.5 (0.0,1.0)

 2.4 (1.2, 3.6)

% patients with prescriptions (OR)   *

No. of prescriptions (ß) 8.0 (3.5, 12.5)

Ambulatory medical specialist care†

% of patients with consultations  (OR) 1.0 (0.5, 1.8)

No. of consultation by specialist (ß) 0.1 (-0.2, 0.3)

Hospital care

% patients with admission (OR) 1.5 (0.8, 2.9)

No. of hospital admissions (ß) 0.0 (-0.3, 0.2)

Average length of stay (ß) 0.5 (-0.3, 1.4)

Total hospital days (ß) 0.1 (-1.9, 2.2)
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DM-related comorbidity  Heart diseases
 (n=1,096)

 Stroke 
 (n=218)

 Retinopathy 
 (n=63)

 Nephropathy 
 (n=57)

 Diabetic Foot 
 (n=204)

 ß/OR CI 95%  ß/OR  CI 95%  ß/OR CI 95%  ß/OR CI 95%  ß/OR CI 95%

GP care

No. of visits to GP (ß)  5.2 (4.74, 5.73)

 *

 12.8 (11.52, 14.1) 

 1.7 (1.5, 2.1)

 0.4 (0.3, 0.4)

 2.6 (2.2, 3.2)

 0.4 (0.3, 0.4)

 0.9 (0.7, 1.1)

 3.1 (2.5, 3.7)

3.4 (2.4, 4.4)  3.20 (1.37, 5.04)

      *

 5.62 (0.90, 10.36)

 1.4 (0.8, 2.7)

 -0.2 (-0.1, 0.5)

 1.9 (1.00, 3.7)

 0.3 (0.1, 0.6)

 0.7 (-0.2, 1.6)

 2.1 (0.0, 4.3)

5.6 (3.7, 7.6) 8.46 (7.42, 9.48)

% patients with prescriptions (OR)   * * *

No. of prescriptions (ß) 4.1 (1.6, 6.7) 12.1 (7.2, 17.0) 20.88 (18.23, 23.54)

Ambulatory medical specialist care†

% of patients with consultations (OR) 2.0 (1.5, 2.9) 1.0 (0.5, 1.9) 1.0 (0.7, 1.5)

No. of consultations (ß) 0.4 (0.2, 0.6) -0.1 (-0.5, 0.2) 0.0 (-0.2, 0.2)

Hospital care

% patients with admission (OR) 2.8 (2.0, 4.1) 0.9 (0.4, 1.9) 1.4 (0.9, 2.1)

No. of hospital admissions (ß) 0.4 (0.2, 0.5) 0.2 (-0.1, 0.4) 0.1 (-0.0, 0.2)

Average length of stay (ß) 1.5 (1.0, 2.0) -0.2 (-1.1,0.7) 0.8 (0.3, 1.3)

Total hospital days (ß) 3.3 (2.1, 4.4) 0.8 (-1.5, 3.1) 2.4 (1.2, 3.6)

Non DM-related comorbidity  Depression 
 (n=295)

 Neurological diseases 
(n=69)

 Musculoskeletal Diseases 
 (n=1,722)

 Lung Diseases 
 (n=531)

 Cancer 
 (n=206)

 ß/OR CI 95%  ß/OR 0  CI 95%  ß/OR  CI 95%  ß/OR  CI 95%  ß/OR  CI 95%

GP care

 5.3 (4.6, 5.9)

      *

 15.3 (13.6, 17.0)

 1.2 (1.0, 1.5)

 0.3 (0.2, 0.4)

 1.2 (0.9, 1.6)

 0.1 (0.1, 0.2)

 0.4 (0.0, 0.7)

 1.47 (0.7, 2.2)

No. of visits to GP (ß)  6.8 (5.9, 7.6)

 *

 12.9 (10.6, 15.1) 

 1.1 (0.8, 1.5)

 0.2 (0.1, 0.3)

 1.3 (0.9, 1.9)

 0.1 (0.0, 0.2)

 0.5 (0.1, 0.9)

 1.5 (0.5, 2.6)

4.1 (2.4, 5.9)  4.1 (3.7, 4.5)

      *

 4.2 (3.2, 5.3)

 3.6 (3.1, 4.1)

 0.6 (0.6, 0.7)

 3.8 (3.2, 4.4)

 0.3 (0.3, 0.4)

 0.9 (0.7, 1.1)

 2.3 (1.8, 2.7)

 5.9 (4.9, 6.9)

       *

 3.4 (0.8, 6.1)

 1.3 (0.9, 1.9)

 0.4 (0.2, 0.5)

 1.8 (1.2, 2.7)

 0.4 (0.2, 0.5)

 0.5 (0.0,1.0)

 2.4 (1.2, 3.6)

% patients with prescriptions (OR)   *

No. of prescriptions (ß) 8.0 (3.5, 12.5)

Ambulatory medical specialist care†

% of patients with consultations  (OR) 1.0 (0.5, 1.8)

No. of consultation by specialist (ß) 0.1 (-0.2, 0.3)

Hospital care

% patients with admission (OR) 1.5 (0.8, 2.9)

No. of hospital admissions (ß) 0.0 (-0.3, 0.2)

Average length of stay (ß) 0.5 (-0.3, 1.4)

Total hospital days (ß) 0.1 (-1.9, 2.2)
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Discussion
A strong correlation was observed in this study between the number of comorbidities and the use 
of GP care, ambulatory specialist care and hospital admissions. However, we found no systematic 
difference in health care use between patients with either vascular or non-vascular comorbidity. 
Patients with both vascular and non-vascular comorbidity showed the highest health care utilization 
pattern. This is mainly caused by the higher number of comorbidities in this patient group. 
Our results demonstrated that the large impact on health care utilization of diabetes patients occurs 
when diabetes is included in a constellation of either vascular or non-vascular comorbidities or 
both. Therefore, health care providers should routinely monitor diabetes patients with comorbidity. 
Case-finding protocols as mentioned by Gijsen et al. (8), should be developed and implemented in 
integrated diabetes care programs. 
Moreover, our results demonstrated that non-vascular comorbidities are as important utilization 
drivers as vascular comorbidities. In addition to the beneficial effects of it on the quality of life of not 
having any comorbidity (8), prevention of comorbidity can possibly also curb the growing demands 
for health care. Until now, prevention in integrated diabetes care programs focuses mainly on micro- 
and macrovascular comorbidity. Our study shows that this focus is too limited, since additional 
non-vascular comorbidities in patients with diabetes increase the health care utilization as much as 
vascular comorbidities.  
Different comorbid conditions have different effects on health care utilization. Diabetic foot results 
in a large increase in the use of GP care, but not in the use of medical specialist care and hospital 
care. Coronary heart diseases, stroke, depression, musculoskeletal diseases and cancer result in a 
substantially increase in both GP care, medical specialist care and hospital care. Our finding that the 
average length of stay in the hospital increases in most comorbidities, is in accordance with findings 
from other studies (24,25). 

Limitations of the study need to be considered in interpreting the results. Firstly, we obtained data 
about health care utilization by medical record linkage of different registrations, which introduced 
some selection bias. Linkage probabilities between older and younger patients differ because of 
different rates of changes of address (26).  Older people move less often than younger people 
and therefore have higher linkage probabilities since area zip code is one of the linkage variables. 
Therefore the hospital utilization of the younger patients, i.e. the patient group with diabetes only, 
could be underestimated. 
Secondly, the number of consultations by the medical specialist in the linkage is an underestimation 
of the actual number of consultations, since only 45% of the hospitals in the LAZR all consultations. 
Since this inaccuracy in the registration of consultations to the medical specialist applies for all 
patient groups, it is not likely that this has biased our results. 
Thirdly, for a large number of patients information on educational level was missing and they were 
therefore excluded from the analyses. Patients with missing data on educational level might differ 
from the included patients, which may have influenced our results. However, additional analyses 
showed that the health care utilization of patients with unknown educational level did not differ from 
the patients with known educational level. 
Fourth, the prevalence’s of retinopathy and nephropathy are substantially lower than observed in 
another study (27). A reason for these low prevalences is could be that retinopathy and nephropathy 
are not registered adequately in the GP records, since these vascular comorbidities are often 
treated and registered in integrated care programs and resulting in suboptimal registration in the 
GP records. 
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This underregistration of the number of patients with retinopathy and nephropathy might lead to an 
underestimation of the effects of these vascular comorbidities on GP care, medical specialist care 
and hospital care. In our analyses, we focused on medical care only. Future research should also 
include long-term care, e.g. home care, nursing home care and rehabilitation care, in order to fully 
understand the effects of comorbidity. 

Conclusions
Non-vascular comorbidities are as important utilization drivers as vascular comorbidity for patients 
with diabetes. These results underline the importance of primary prevention and (further) improvement 
of the diabetes care in order to prevent complications to occur.
Our results demonstrated also that the number of comorbidities is a strong predictor for the 
volume of medical health care utilization. Furthermore, our findings support the increasing interest 
in specific patterns of comorbidity in clinical practice (9,28). Together with the ongoing aging of 
the Dutch population and the increase in the number of patients with comorbidity, this may have 
important implications for integrated diabetes care programs in the Netherlands. From a public 
health perspective, the sum score of the number of comorbidities is a strong tool in predicting the 
future health care utilization of patients with diabetes.
Current single disease management approach is not suitable for a large part of the patients with 
diabetes. Current diabetes care programs must be extended to include additional care modules, 
which must be generic and include multiple chronic diseases. Perhaps in the long term, current 
diabetes care programs must be integrated with other chronic diseases care programs. The results 
of the first trials in this area are promising (29), and these integrated chronic care programs will be 
more equipped to meet the complex health care demands of patients with diabetes and to reduce 
the existing gap between needs of patients with diabetes and the supply of diabetes care in the 
future. 
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Abstract
Background Diabetes disease management programs are increasingly implemented in the 
Netherlands. Disease management programs have proven to be effective in improving the quality 
of diabetes care, yet its impact on health care utilization is still not well investigated. The aim of this 
study is to examine which organizational aspects of GP practices, which can be seen as important 
building blocks for diabetes disease management programs, reduce the use of medical resources 
of diabetes patients.
Methods and data By linking general practice and hospital based registrations in the Netherlands, 
patient-level data on health care utilization of patients with diabetes (n=6,653) were obtained. 
The following diabetes services characteristics were included in the analyses: the presence of a 
specialized nurse, the implementation of diabetes consultation hours, implementation of diabetes 
control schemes and the participation of General Practitioners (GPs) in multidisciplinary meetings. 
We used multilevel modelling techniques in order to be able to adjust for patient case-mix and GP 
practice-level clustering.
Results None of the diabetes services characteristics substantially influenced the health care utilization 
of diabetes patients, with the exception of the presence of a specialised nurse. The presence of a 
specialized nurse led to less pharmaceuticals described. The existing variation between GP practices 
in health care utilization can not be explained by organizational aspects of diabetes services. 
Conclusions Organizational aspects of diabetes services characteristics can not be identified as 
important drivers for medical health care utilization of diabetes patients. It is unlikely that the 
implementation of diabetes disease management programs will have a large impact on the use of 
medical resources by diabetes patients and will curb the increasing demands for diabetes care.
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Introduction
As in other Western countries, diabetes mellitus is becoming one of the most common chronic 
conditions in the Netherlands (1-3). The prevalence of diabetes in the age-group of 30-74 is 
estimated at 2.7-3.2 in 2001, and is projected to increase with another 33% in the coming decades 
due to the aging population and a rising incidence of diabetes (3). This forecasted increase in 
the prevalence of diabetes will lead to an upward pressure on the health care system as well as 
the costs of medical care. In the Netherlands, the costs related to diabetes care amounted about  
€ 750 million in 2003, which corresponded to about 1.3% of the Dutch health care expenditures (4). 
These figures are an underestimation of costs since complications of diabetes mellitus are not taken 
into account.
In order to improve the quality of diabetes care and to channel the increasing demands for diabetes 
care disease management programs originated during the last decade (5;6). Diabetes disease 
management programs have shown to improve the quality of care, e.g. by lowering the HbA1c levels 
and positive effects on cholesterol levels (7). The implementation of diabetes disease management 
programs leads to large organizational changes in the GP practice. Currently, diabetes disease 
management programs, in which the role of the GPs is essential, are increasingly implemented. 
About 80% of all diabetes care demands are addressed in GP practices, and a further increase may 
be expected when primary care based diabetes disease management programs are becoming more 
widespread implemented in the Netherlands. 
This study aimed to identify organizational aspects of GP practices with respect to diabetes 
services which reduce the medical care utilization of diabetes patients. We focus on organizational 
aspects of diabetes services which can be seen as important building blocks of diabetes disease 
management programs, like the presence of a specialized nurse, the implementation of diabetes 
control schemes, the implementation of specific diabetes consultation hours and the participation 
of the GPs in multidisciplinary meetings with other health care providers (8-10). Identification of 
organizational aspects of diabetes services which strongly influence medical care utilization may 
have great implications for the design of the intended nationwide implementation of diabetes 
diseases management programs.

Methods and data
Data
Data on organizational aspects of GP practices and health care utilization of diabetes patients were 
derived from two health care registrations. Firstly, data were obtained from the second Dutch National 
Survey of General Practice (Dutch abbreviation: NS2) (11). The NS2 was carried out in 104 general 
practices, including 195 GPs, in the Netherlands in 2001. The NS2 includes data of approximately 
385,000 patients, about 1,5 million encounters, 2,2 million prescriptions of pharmaceuticals and 
170,000 referrals for a new health problem to other health care providers. Diagnoses were coded 
according to the International Classification of Primary Care (ICPC) (12). The study population is 
representative of the Dutch population regarding age, gender and type of health care insurance 
(11). Dutch GPs are the gatekeepers for medical specialised care and nearly all non-institutionalised 
patients are listed to a GP.
Secondly, data were obtained from the National Medical Register  (Dutch abbreviation: LMR)  for  the years 
1999 until 2002 (13). This database has an almost complete coverage (99%) of all hospital admissions 
in the Netherlands. Records comprise date of birth, gender, area zip code, length of stay, diagnosis at 
discharge and vital status at discharge. Diagnoses at discharge are coded according to the International 
Classification of Diseases, Ninth Revision (14). The total number of hospital admissions amounted to about  
1,5 million in 2001. 
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Data linkage
We used gender, date of birth and four-digit postal code of the patient as linking variables for the 
linkage of records in the NS2 database with hospital admission data, since a unique identifier is not 
available in the Netherlands (15;16). A pilot linkage was successfully carried out in order to evaluate 
the representativeness of the linkage and the resulting population resulting in a linkage percentage 
of 76% (17). The starting point of the linkage is a GP referral. On the basis of each GP referral we 
searched for corresponding records in the hospital register. We restricted the period in the register 
for each separate referral to 180 days before and 360 days after the referral date. Linkages outside 
this period were excluded from the analyses. 

Study population
First, patients with missing values on any of the linking variables and patients with a non-unique 
combination of linking variables in the NS2 were excluded from the analyses (n=24,193, 6%). In 
addition, we selected patients who had contacted their GP for diabetes mellitus (ICPC code T90) 
in 2001 (n=9,313). Subsequently, we excluded patients with missing information on socioeconomic 
status (n=1,814), which was indicated by highest educational level. Socioeconomic status was 
included as a confounding variable in the analyses. 
We excluded 11 GP practices since they did not provide sufficient information with respect to 
organizational aspects of their GP practices. Another four practices were excluded for the analyses 
since they dropped out of the registration during the period of data collection. Finally, there remained 
89 GP practices with 6,653 diabetes mellitus patients for the analyses.

Measures
Health care utilization measures
We included the number of contacts with the GP (per year) in the analyses. In addition, we included 
the total number of prescriptions by the GP (per year), hospital admission (yes/no) and the number 
of hospital admissions (per year) (of those who were admitted to the hospital) in the analyses.
Diabetes services characteristics
Data on GP practices characteristics of diabetes services such as the presence of a specialised nurse 
(yes/no), participation in multidisciplinary meetings with other care providers (yes/no), the presence 
of specific diabetes consultation hours (yes/no), and the implementation of diabetes control schemes 
(yes/no), were included in the analyses. 

Control variables
Patient characteristics
We adjusted for case-mix by including patient data on age, gender, educational level, civil status, 
ethnicity and the number of comorbidities as control variables in the analyses. Data were obtained 
from the NS2. Educational level was defined as low (none and primary school), middle (lower and 
intermediate vocational school) and high (higher vocational school and university). Civil status 
was defined as married, unmarried, divorced and widowed. Ethnicity was defined as Dutch and 
Non-Dutch indicated by patient and parentel country of birth. The number of comorbidities was 
defined as the number of different chronic conditions for which the patients had contacted their GP. 
The following chronic conditions were included: heart diseases, stroke, retinopathy, nephropathy, 
diabetic foot, depression, lung diseases (COPD and asthma), musculoskeletal diseases, neurological 
diseases and cancer.
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GP practices characteristics
General practice characteristics like practice type (solo, duo-practice, group), urbanization level (rural, 
average, urban), mean age, gender (% of female GPs), mean number of years of GP experience) 
were included as confounders in the analyses.

Statistical analyses
Multilevel analyses were used because of the two-level structure of the data: i.e. patient level (level 
1) and GP practice level (level 2). The multilevel modelling techniques (proc mixed and proc glimmix) 
from the SAS package (version 9.1) were used to analyse the data. We used several models to 
explain the effects of diabetes services characteristics on the number of GP visits (per year), which 
was log-transformed in order to get a normal distribution.
First, the intercept-only model (model 0) was fitted. By adding the control variables on the patient 
level (model A) the influence of these variables was assessed. In model B, we subsequently entered 
GP practices control variables in the model, as level 2 control variables. In model C, we assessed the 
diabetes services variables. Since in model C the number of GP practices in relation to the included 
number of level 2 variables in the model led to low power (on the second level), we additionally 
computed model D. 
In model D, low power was avoided by reducing the number of level 2 variables. By assessing the 
importance of all level 2 control variables on the GP practice variance, we were able to identify the 
level 2 control variable which had the largest impact on the GP practice variance (GP practice type). 
By only including GP practice type as control variable, we were able to gain insight in the impact 
of the low power on our estimates of model C. In the models described above, all variables were 
considered as fixed-effects, with exception of GP practice numbers (random effect). 
In addition, we applied model D also for different health care utilization measures, i.e. number 
of pharmaceuticals prescribed, number of hospital admissions (both log-transformed) and hospital 
admission (yes/no) (Table 4.3). The parameter estimates resulting from all multilevel linear and logistic 
regression analyses were expressed as coefficients (B) with standard errors (SE) (log-transformed) 
or as log odds ratios (OR) with the corresponding SE. Furthermore, the following statistics were 
used: intraclass correlation coefficient (ICC), which measures the proportion of the variance of the 
dependent variable between GP practices (16), and the -2log-likelihood, which is used to measure 
the goodness of fit of the models employed. 

Results
Practice and diabetes care characteristics
A specialised nurse was working in about three-quarter of the GP practices, and about half of the 
practices had implemented specific diabetes consultation hours and diabetes control schemes. 
Furthermore, about 60% of the GP practices participated in multidisciplinary meetings with other 
health care providers. Nine of the 89 GP practices (10.9%) had implemented all these diabetes 
services (not tabulated). The number of solo practices was 42 (47.2%), 26 were duo-practices 
(29.2%). The remaining practices (n=21, 23.5%) were group practices. About half of the practices 
were situated in rural area. The mean age of the GPs was 47.3 years (SD 5.1), and 17.8% was female 
(Table 4.1). The mean number of diabetes patients per practice was 74.7 (SD 44.0; range 11-233). 
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The mean age of the patients was 64.6 years (SD 13.8), and 54.1% were female. About half of the 
patients had contacted their GP for a coexisting comorbidity.

Table 4.1: Descriptives of GP practices (n=89) and patient characteristics (n=6,653)

GP practice characteristics N or Mean (% or SD)

Diabetes services characteristics

Presence of a specialised nurse (yes) 66 (74.4%)

Diabetes consultation hours (yes) 43 (48.3%)

Participating in multidisciplinary meeting (yes) 51 (57.3%)

Implemented diabetes control schemes (yes) 45 (50.6%)

General characteristics

Practice type

Single handled 42 (47.2%)

Two-doctor practice 26 (29.2%)

Group 21 (23.6%)

Urbanization

Rural 41 (46.1%)

Average 17 (19.1%)

Urban 31 (34.8%)

Mean age of GPs (in years) 47.2 (SD 5.4)

Gender (female GPs in practice) 17.8 (27%)

Mean years of experience as GP 16.8 (SD 6.84)

Patient characteristics (n=6,653)

Mean age (plft) 64.6 (SD13.8)

Gender (no. of female patients) 3,599 (54.1%)

Etnicity (no. of non-Dutch) 1,367 (24.6%)

Civil status (no. of married) 4,205 (63.2%)

Educational level (no. of high educational level) 592 (8.9%)

Presence of comorbidity (no. of comorbid patients) 2,921 (43.9%)

Mean number of comorbidities (in comorbid patients) 1.34 (0.63)

Multilevel analyses
Table 4.2 shows the results of the multilevel analyses by presenting the parameter estimates and 
their standard errors (SE) of different GP practice and patient variables in the different models (model 
0, A, B, C, D) on the yearly number of GP contacts. In model 0 (the intercept-only model), the ICC 
was 0.178 (Table 4.2), which indicates that multilevel models would provide substantial benefits over 
one-level regression models for the analysis of the data.
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Table 4.2: Multilevel regression analysis to estimate the effects of organizational aspects of 
GP practices, on the number of GP contacts, adjusted for patient and general GP practice 
characteristics (n=6,653)

Model 0 Model A Model B Model C Model D
B (s.e.) B (s.e.) B (s.e.) B (s.e.) B (s.e.)

Intercept 2.16 (0.03)** 0.98 (0.12)** -0.003 (0.50) 0.04 (0.51) 1.04 (0.17)**
Level 1: Patient characteristics

Gender (1= female) 0.37 (0.07)** 0.37 (0.07)** 0.38 (0.07)** 0.38 (0.07)**

Age 0.01 (0.001)** 0.01 (0.001)** 0.01 (0.001)** 0.01 (0.001)**

Interaction-term age*gender -0.003 (0.02)* -0.003 (0.001)* -0.003 (0.001)* -0.003 (0.001)*

Educational level (high= reference)

Low 0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)*

Middle 0.03 (0.03) 0.03 (0.03) 0.03 (0.03) 0.03 (0.03)

Civil Status (married=reference)

UnMarried -0.04 (0.03) -0.05 (0.03) -0.05 (0.03) -0.05 (0.03)

Divorced 0.09 (0.03)* 0.09 (0.03)* 0.09 (0.03)* 0.09 (0.03)*

Widowed -0.02 (0.02) -0.02 (0.02) -0.02 (0.02) -0.02 (0.02)

Ethnicity (1=Non Dutch) 0.02 (0.02) 0.02 (0.02) 0.02 (0.02) 0.02 (0.02)

No. of comorbidities 0.38 (0.01)** 0.38 (0.001)** 0.38 (0.001)** 0.38 (0.001)**

Level 2: GP practice characteristics

Practice type (group practice = ref.)

Duo-practices 0.001 (0.08) -0.04 (0.09) -0.08 (0.09)

Single handled -0.18 (0.08)* -0.20 (0.09)* -0.20 (0.09)*

Degree of urbanization (rural= ref.)

Average -0.05 (0.07) -0.06 (0.07)

Urban  0.16 (0.08)*  0.15 (0.09)

Mean age (years) 0.03 (0.01)* 0.03 (0.01)*

Gender (% female GPs) 0.21 (0.13) 0.21 (0.13)

Experience as GP (years) -0.02 (0.01) -0.02 (0.01)

Diabetes services characteristics

Presence of specialised nurse (1= yes) 0.003 (0.07) 0.003 (0.07)

Participation in multidisciplinary meetings (1= yes) -0.02 (0.06) -0.02 (0.06)

Implementation of diabetes consultation hours (1= yes) -0.023 (0.07) -0.09 (0.07)

Implementation of diabetes control schemes (1= yes) 0.09 (0.07) 0.09 (0.07)

GP practice variance 0.0964 0.0791 0.0641 0.0622 0.0721

ICC 0.193 0.162 0.159 0.1802

- 2 Log Likelihood 11,869.2 11,663.2 11,502.0 11,513.9

*=p <.05, **=p<.001
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Table 4.2: Multilevel regression analysis to estimate the effects of organizational aspects of 
GP practices, on the number of GP contacts, adjusted for patient and general GP practice 
characteristics (n=6,653)

Model 0 Model A Model B Model C Model D
B (s.e.) B (s.e.) B (s.e.) B (s.e.) B (s.e.)

Intercept 2.16 (0.03)** 0.98 (0.12)** -0.003 (0.50) 0.04 (0.51) 1.04 (0.17)**
Level 1: Patient characteristics

Gender (1= female) 0.37 (0.07)** 0.37 (0.07)** 0.38 (0.07)** 0.38 (0.07)**

Age 0.01 (0.001)** 0.01 (0.001)** 0.01 (0.001)** 0.01 (0.001)**

Interaction-term age*gender -0.003 (0.02)* -0.003 (0.001)* -0.003 (0.001)* -0.003 (0.001)*

Educational level (high= reference)

Low 0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)* 0.06 (0.03)*

Middle 0.03 (0.03) 0.03 (0.03) 0.03 (0.03) 0.03 (0.03)

Civil Status (married=reference)

UnMarried -0.04 (0.03) -0.05 (0.03) -0.05 (0.03) -0.05 (0.03)

Divorced 0.09 (0.03)* 0.09 (0.03)* 0.09 (0.03)* 0.09 (0.03)*

Widowed -0.02 (0.02) -0.02 (0.02) -0.02 (0.02) -0.02 (0.02)

Ethnicity (1=Non Dutch) 0.02 (0.02) 0.02 (0.02) 0.02 (0.02) 0.02 (0.02)

No. of comorbidities 0.38 (0.01)** 0.38 (0.001)** 0.38 (0.001)** 0.38 (0.001)**

Level 2: GP practice characteristics

Practice type (group practice = ref.)

Duo-practices 0.001 (0.08) -0.04 (0.09) -0.08 (0.09)

Single handled -0.18 (0.08)* -0.20 (0.09)* -0.20 (0.09)*

Degree of urbanization (rural= ref.)

Average -0.05 (0.07) -0.06 (0.07)

Urban  0.16 (0.08)*  0.15 (0.09)

Mean age (years) 0.03 (0.01)* 0.03 (0.01)*

Gender (% female GPs) 0.21 (0.13) 0.21 (0.13)

Experience as GP (years) -0.02 (0.01) -0.02 (0.01)

Diabetes services characteristics

Presence of specialised nurse (1= yes) 0.003 (0.07) 0.003 (0.07)

Participation in multidisciplinary meetings (1= yes) -0.02 (0.06) -0.02 (0.06)

Implementation of diabetes consultation hours (1= yes) -0.023 (0.07) -0.09 (0.07)

Implementation of diabetes control schemes (1= yes) 0.09 (0.07) 0.09 (0.07)

GP practice variance 0.0964 0.0791 0.0641 0.0622 0.0721

ICC 0.193 0.162 0.159 0.1802

- 2 Log Likelihood 11,869.2 11,663.2 11,502.0 11,513.9

*=p <.05, **=p<.001
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Table 4.3: Multilevel regression analysis (model D) to estimate the effects of organizational aspects 
of GP practices characteristics on other health care measures (n= 6,653)

Number of 
prescriptions

Hospital 
admissions (yes)

No. of hospital 
admissions

B (s.e.) B (s.e.) B (s.e.)

Intercept 1.35 (0.20)**  0.05 (0.07) 0.01 (0.21)

Patient characteristics

Gender (1= female) 0.33 (0.09)**  0.04 (0.04) 0.14 (0.12)

Age 0.02 (0.02)**  0.0005 (0.001) 0.002 (0.003)

Interaction-term age*gender -0.003 (0.001)** -0.0008 (0.0006) -0.003 (0.003)

Educational level (high= reference)

Low 0.14 (0.04)**  0.02 (0.01) 0.10 (0.05)*

Middle 0.07 (0.04)*  0.007 (0.01) 0.03 (0.045)

Civil Status (married=reference)

UnMarried -0.005 (0.03) -0.008 (0.01) -0.07 (0.04)

Divorced 0.15 (0.04)**  0.014 (0.02) 0.01 (0.06)

Widowed 0.018(0.03) -0.003 (0.01) -0.01 (0.04)

Ethnicity (1=Non Dutch, 0= Dutch) 0.006 (0.02) -0.016 (0.01) -0.04(0.03)

No. of comorbidities 0.33 (0.01)**  0.09 (0.004)** 0.30 (0.05)**

GP practice characteristics

Practice type (group practice = ref.)

Duo-practices -0.07 (0.08) -0.009 (0.02)

Single handled -0.09 (0.08) -0.004 (0.02)

GP practices diabetes services provided

Presence of specialised nurse (1= yes) -0.15 (0.07)* -0.02 (0.02) -0.05(0.04)

Implementation of specific diabetes 
consultation hours (1= yes) 0.03 (0.06)  0.02 (0.01) -0.04 (0.40)

Participation in multidisciplinary meetings 
(1= yes) -0.001 (0.06) -0.02 (0.02) 0.07 (0.04)

Implementation of diabetes control 
schemes (1= yes) 0.04 (0.06) -0.01(0.01) -0.04 (0.04)

GP Practice variance 0.062 0.013 0.003

ICC 0.0320 0.1219

- 2 Log Likelihood 2697.0 18,299.7

*=p <.05, **=p<.001
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In model A, in which the patient variables were analyzed, the GP practice variance decreased from 
0.096 in model 0 to 0.079 in model A, which means that there was less variation between GP 
practices after correcting for patient characteristics. All patient characteristics were significant with 
the exception of ethnicity (Table 4.2). 
In model B, we added the GP practice control variables. Organization form, degree of urbanization 
and the mean age of GPs were the GP practice variables which reveal to be significant. 
In model C, the diabetes services related variables on the GP practice level were entered. Also 
in this model the GP practice variance slightly decreased, but none of the entered variables in 
model C appeared to be significant, indicating that the interpractice variation in the number of GP 
contacts can not be explained by these organizational aspects of diabetes services related variables. 
However, the number of GP practices (n=89) in relation to the number of level 2 variables (n=11) 
included in model C leads to lower power. Possibly, present relationships might be overlooked as a 
consequence of insufficient numbers of GP practices in the analyses. In model D we demonstrated 
that this appeared not to be the case. Reducing the number of GP practice characteristics did not 
strongly affect the estimates as compared to model C. None of the diabetes services characteristics 
in Model D were significant. The impact of the GP practices variables was similar to the impact of 
the patient characteristics (not shown). In addition, GP practices which included all diabetes services 
characteristics showed no significant difference in the number of GP contacts per year (not tabulated).

Table 4.3 presents the results of the multilevel analyses (model D) regarding other health care measures 
i.e. number of prescriptions, hospital admissions (yes/no) and number of hospital admissions (of 
those who were admitted). Again, all diabetes services characteristics were not significant with the 
exception of the presence of a specialized nurse on the number of pharmaceuticals prescribed 
(Table 4.3). The presence of a specialized nurse leads to less pharmaceuticals prescribed.

Discussion and conclusions
In this study, we tried to identify diabetes services characteristics which reduce the medical care 
utilization. Although medical care utilization of diabetes patients varied largely between GP 
practices, we could not identify any diabetes services characteristics that strongly reduce to the 
medical care utilization, with the exception of the presence of a specialized nurse. Therefore, the 
existing variation in medical care utilization of patients with diabetes remains largely unexplained 
even after adjustment for patient and GP practices characteristics. 
The presence of a specialized nurse led to less pharmaceuticals prescribed. This decline in 
pharmaceuticals prescribed can be an effect of the presence of specialized nurse which manage and 
educate patients, and as a consequence, patients needed less medication. However, specialized 
nurses in the Netherlands are by law not allowed to prescribe all types of medication. As a result of 
these limited responsibilities of specialized nurses, we found that specialized nurses prescribe less 
pharmaceuticals. The effects of the presence of specialized nurse must be further investigated.   
Although none of the diabetes services characteristics could be identified as major utilization drivers, 
it remains important to know where this inter-GP practice variation originates. GP practices variation 
in medical care utilization is inevitable, a part of the variation indicates overuse or underuse of 
health care resources, which must be further investigated (19). Understanding the mechanisms in 
GP practice variation is essential to develop and facilitate effective interventions that reduce this 
undesirable part of the variation and in this manner to improve the quality of care (20). 
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One of the policy reasons to develop disease management programs, besides improving the quality 
of diabetes care, was to curb the increasing health care demands and related costs. Based on our 
results we found no evidence that the implementation of diabetes disease management programs 
will achieve that goal. However, more comprehensive data on the diabetes services provided like 
the performed tasks and responsibilities of the specialized nurses, are needed to fully understand 
the impact of disease management programs.
Our non-significant findings are consistent with previous research (10,21,22). Fireman et al. showed 
that disease management programs for four different chronic diseases did not result in cost reductions 
(21). Reid and colleagues et al. demonstrated that hospital admission rates were largely explained 
by factors outside the GP care and were outside the control of GPs (23). 
Our analyses are confined to medical care utilization. No information was available about patient 
outcomes like Hba1c, blood pressure and Body Mass Index, etc.. Future research should include 
more patient characteristics as well as process and outcome measures. Combining process measures 
and outcome measures will result in better insight into the underlying mechanisms of GP practice 
variation. 
An important methodological problem that arose in our analyses was the occurrence of power 
problems on the GP practice level. We coped with this methodological problem by reducing the 
number of second level variables (the GP practices) in the analyses. These potential power problems 
have important consequences for the design of multilevel studies with clustering at the GP practice 
(24,25). The number of studied second level variables in the analyses determines the number of GP 
practices needed to achieve satisfactory statistical power. This results in large difficulties of achieving 
satisfactory statistical power and this is perhaps the reason why a high proportion of multilevel 
analyses give negative results (24). 

Several limitations of our study need to be mentioned. First, we used data of health care registrations 
and, as such, relied on the accuracy and the completeness of the records. These health care 
registrations are recognized to generate well-validated and comprehensive data (26-29). The same 
holds for the linkage procedures, although medical record linkage techniques introduced some small 
selection bias (17). However, this selection implies for all GP practices and will therefore probably not 
have influenced our results and conclusions. 
Second, there was no information on the level of all GPs available and we only could include 
aggregated GP characteristics on the GP practice level in the analyses. We assume that an 
introduction of a third level (the GP level) in the multilevel modelling will lead to superior models 
and estimates as compared to current models. 

In conclusion, none of the diabetes services characteristics influence the medical care utilization 
of diabetes patients, with the exception of the presence of a specialized nurse. The presence of 
a specialized nurse led to less pharmaceuticals prescribed. Therefore, only a small part of the GP 
practice variations in medical health care utilization can be explained by patient characteristics and 
GP practices characteristics.
Although a nationwide implementation of diabetes disease management programs will result in 
large organizational changes in GP practices, it is not to be expected that this will result in large shifts 
in medical care utilization of diabetes patients.
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Chapter 5

Modeling the Future Burden of Stroke in the  
Netherlands Impact of Aging, Smoking,  
and Hypertension
Struijs JN, van Genugten MLL, Evers SMAA, Ament AJHA, Baan CA, van den Bos GAM. Modeling 
the future burden of stroke in the Netherlands: the impact of aging, smoking and hypertension. 
Stroke 2005;36:1648-1655

Abstract
Background In the near future, the number of stroke patients and their related healthcare costs are 
expected to rise. The purpose of this study was to estimate this expected increase in stroke patients 
in the Netherlands. We sought to determine what the future developments in the number of stroke 
patients due to demographic changes and trends in the prevalence of smoking and hypertension in 
terms of the prevalence, incidence, and potential years of life lost might be. 
Methods and data A dynamic, multistate life-table was used, which combined demographic 
projections and existing stroke morbidity and mortality data. It projected future changes in the 
number of stroke patients in several scenarios for the Dutch population for the period 2000 to 2020. 
The model calculated the annual number of new patients by age and sex by using incidence rates, 
defined by age, sex, and major risk factors. The change in the annual number of stroke patients is 
the result of incident cases minus mortality numbers.
Results Demographic changes in the population suggest an increase of 27% in number of stroke 
patients per 1000 in 2020 compared with 2000. Extrapolating past trends in the prevalence of 
smoking behavior, hypertension, and stroke incidence resulted in an increase of 4%.
Conclusions The number of stroke patients in the Netherlands will rise continuously until the year 
2020. Our study demonstrates that a large part of this increase in the number of patients is an 
inevitable consequence of the aging of the population.
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Introduction 
Stroke is a major disease in aging societies. Not only the disease impact, but also the health 
care impact of stroke is substantial (1-3). Stroke mortality is the third largest cause of death in the 
Netherlands. Overall, 8.5% of the deaths in the Netherlands in 2001 was caused by stroke (4). As in 
most other developed countries, in the 1970s and 1980s a substantial decline in stroke mortality was 
observed in the Netherlands (2;5;6). Between 1974 and 1986 the annual stroke mortality dropped 
by 2.7% for men and 3.6% for women (6). From 1990 onwards, the decline in mortality rates has 
leveled off. Stroke incidence rates have been stable since the 1980s (7). Likewise, the prevalence 
rates of stroke in the Netherlands have been stable over the last decade, although they show a slight 
increase in the last years (7). 
For health policy it is important to have insight into the (future) trends in morbidity and mortality 
as it enables priority setting in health care. It is particularly important in countries with an aging 
population, like the Netherlands. Insight into the future number of stroke patients allows health care 
policymakers to make rational decisions about related health care needs, to plan the health care 
facilities of stroke patients in the medium term and long term and to develop preventive measures 
for specific target groups and can lead to new priority setting regarding the prevention and health 
care organization of stroke.
The future burden of stroke in the Netherlands has been previously studied and future changes in 
stroke epidemiology were projected for the period of 1985 till 2005 by using calculated trend values 
based on data of 1979 till 1989 (8). However, from approximately 1990 onwards the calculated 
decline in stroke mortality and stroke incidence rates started to diverge from the observed trends 
in stroke mortality rates and stroke incidence rates. The divergence between the projections by 
Niessen et al. (8) and the observed trends over the period 1985 and 2005 can be explained by an 
unexpected leveling off of the decline in mortality rates and stroke incidence rates. Furthermore, 
the study by Niessen et al. (8) did not include trends in stroke risk factors (such as hypertension and 
smoking) in estimating the future number of stroke patients. 
Hypertension is the most important modifiable risk factor for stroke for both men and women (9-11). 
A reduction of 10-12 mm Hg of the systolic blood pressure and of 5-6 mm Hg of the diastolic blood 
pressure result in a reduction of 38% in the stroke incidence rates (12). Smoking is another major 
risk factor for stroke (13-15). In a meta-analysis, the overall relative risk of stroke associated with 
smoking was 1.5 compared to non-smoking individuals (14). Therefore, a study investigating the 
future burden of stroke should pay attention to the effect of changes in the prevalence of the major 
risk factors of stroke in the population, besides the demographic changes.
The purpose of this study is to estimate the effects of aging of the population together with changes 
in trends in major risk factors for stroke (i.e. hypertension and smoking) in the Dutch population for 
the year 2000 till 2020 in terms of incidence, prevalence and potential years of life lost (PYLL). 

Methods
Model
A dynamic multistate life-table is used to estimate future stroke incidence, prevalence and mortality in 
the Dutch population over the period 2000-2020. An earlier version of the model was used to forecast 
the future burden of chronic obstructive pulmonary disease (COPD) (16-18). A full description of the 
model is in appendix 5.1, which is available from the first author. 
The model calculates the annual number of new patients by age and gender by using incidence 
rates, defined by age, gender and major risk factors (hypertension and smoking). In the stroke 
model, demographic data, relative risks and transitions probabilities are used. The input data of the 
model consist out of age- and sex-specific population numbers, age- and sex-specific input data on 
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incidence rates, prevalence rates and case fatality rates which are estimated by using various sources. 
In addition, age- and sex-specific input data, relative risks and transition probabilities for hypertension 
and for smoking in the Dutch population were estimated. The input data, relative risks and transitions 
probabilities are described in appendix 5.2, which is also available from the first author.

In Figure 5.1, the basic structure of the model is schematically presented. The boxes represent specific 
health states in the model and the arrows represent transitions (e.g. changes in smoking behavior or 
transitions from disease free to stroke). The change in the annual number of stroke patients is the result 
of incident cases minus mortality numbers. Mortality consists of stroke mortality and mortality due to 
other causes. We calculated the potential years of life lost (PYLL) due to stroke for each age group (5-
year age classes) by multiplying the number of deaths by the difference between mean life expectancy 
in each age and gender group and the mean age at death in each age and gender group. Potential 
years of life lost correspond to the sum of the products obtained for each age and gender group.

Scenarios
To estimate future number of stroke patients, we formulated the following five scenarios:
1.  A baseline scenario in which the incidence and prevalence figures for the year 2000 are 

calculated. This baseline scenario will be used as reference scenario. 
2.  A demographic scenario in which the future prevalence of stroke only depends on demographic 

changes, while assuming that age- and gender- specific incidence rates remain at their 2000 
levels. The projected changes in prevalence therefore reflect only the impact of changes in the 
composition and size of the population.
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Figure 5.1:  Basic structure of the stroke model including possible health states (disease free 
population, stroke population and death) and possible transitions which are represented 
by arrows
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Given the aging of the population in the Netherlands, the demographic changes are taken into 
account in each of the following scenarios.
3.  A hypertension scenario in which the age- and gender-specific incidence rates depend on the 

past trends in prevalence of hypertension. Future hypertension prevalence is calculated by 
means of trend exploration.

4.  A smoking scenario in which the age- and gender-specific incidence rates depend on the trend 
in smoking prevalence. Future smoking prevalence is based on trend exploration.

5.  A combined hypertension and smoking scenario in which both risk factors are simultaneously 
taken into account.

Scenario 2-5 are based on the middle variant of the demographic prognosis of  Statistics Netherlands 
(4). The results of the scenarios will be presented in terms of incidence, prevalence and potential 
years of life years lost (PYLL).

Sensitivity analysis
In the combined hypertension and smoking scenario, the most elaborated scenario, we assessed 
the univariate sensitivity of the key variables related to: 1) incidence, 2) prevalence, and 3) case 
fatality rates. In addition, we performed multivariate analyses to test the outside plausible range of 
the future number of stroke patients. We adjusted all assumptions in the same direction to create a 
best-case and worst-case scenario.

Results
Incidence
Figure 5.2 shows the number of incident stroke patients in 2000 (baseline scenario) and the four 
scenarios for 2020 for men and women, expressed as the number of patients per 1,000. 
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The incidence of stroke in the year 2000 was 1.8 per 1,000 for men, 2.5 per 1,000 for women, 
and 2.2 per 1,000 for the whole population (baseline scenario). Based on changes in the size and 
composition of the population in the demographic scenario the incidence will increase to 2.3 (+27%), 
2.7 (+ 6%) and 2.5 (+15%) per 1,000 for men, women and the whole population respectively, by the 
year 2020.
The figure shows that the effects of trends in the prevalence of hypertension are relatively small, 
and result in similar incidence figures of 2.4, 2.6 and 2.5 per 1,000 for men, women and the whole 
population, respectively. Adding the trend in smoking prevalence to the demographic scenario, 
the incidence figures are estimated at 2.3, 2.8 and 2.5 per 1,000 for men, women and the whole 
population respectively, for the year 2020. Projections in the smoking and hypertension scenario 
result in incidence figures of 2.3, 2.8 and 2.5 per 1,000 for men, women and the whole population 
respectively. The incidence rate for men will increase more than for women. Hence, the total effects of 
the demographic changes and the changes due to the trends in hypertension and smoking behavior 
in the population result in an increase of the incidence per 1,000 of 17% for the whole population. 
The incidence rate for women is expected to rise till about 24,000 incidence cases by the year 2020 
and till about 20,000 incident cases for men if all risk factors are taken into account. 

Prevalence
Figure 5.3 shows that the prevalence of stroke in the year 2000 was estimated at 7.7 per 1,000 
for men, 7.2 per 1,000 for women and 7.5 per 1,000 for the whole population respectively. The 
prevalence was estimated at 118,500 (60,500 for male and 58,000 for female). In the demographic 
scenario, the prevalence rate per 1,000 is estimated to have increased to 8.2, 8.9 and 8.6 per 1,000 
by the year 2020. The prevalence rates per 1,000 for women will increase more than for men. This 
difference is due to the higher number of women in the higher age classes than men during the 
aging process in the coming 20 years in the Netherlands.  
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When the trends in the prevalence of hypertension and smoking are also taken into account, the 
prevalence rate per 1,000 will increase to 8.7 per 1,000 by the year 2020 (risk factor scenario). The 
effects of the major risk factors on the prevalence figures are fractional small compared to the effects 
of the demographic changes. In total, the prevalences increase to 71,000 stroke cases for men and 
to 81.000 stroke cases for women by the year 2020.

Potential years of life lost 
Figure 5.4 shows the potential years of life lost (PYLL) for the year 2000 to 2020 for the combined 
smoking and hypertension scenario including the changes in size and composition of the population. 
Based on our input data, in 2000 almost 250 thousand life years were lost owing to premature death 
among patients with stroke. The projection in the combined hypertension and smoking scenario 
leads to an increase of approximately 30% to 335 thousand years of life loses by the year 2020. 
Compared with the general population, a female stroke patient loses on average 8,9 year of life 
expectancy, whereas a male stroke patient loses on average 8,4 year of life expectancy (not shown 
in Figure 5.4). 
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Sensitivity analysis
We found that the estimates of the future number of stroke patients were not particularly sensitive 
to variations in the rates of case fatality and changes in transition rates, in the prevalence of 
hypertension, and in smoking prevalence. The single effect of a 10% change in transition rates for 
hypertension or smoking was at most 2% in incidence, prevalence and mortality. A 10% decrease in 
case fatality rates for all age and gender classes resulted in an increase of  8% in the total number 
of prevalent stroke cases in 2020. The future number of patients estimates appeared to be more 
sensitive to variations in the incidence and prevalence rates of stroke in the Netherlands. When 
applying the lowest incidence and prevalence stroke rates from the Dutch GP registrations (19) in 
the combined hypertension and smoking scenario, the effect is a 20% decrease in the total number 
of stroke incident cases and an 18% decrease in prevalent stroke cases by the year 2020. However, 
when applying the highest incidence and prevalence stroke rates (20), the incidence and  prevalence 
will increase with 19% and 16%, respectively.

Discussion
This study aimed to predict the future burden of stroke in the Netherlands. Besides the effects of 
demographic changes, we estimated the effects of trends in two major risk factors for stroke, i.e. 
hypertension and smoking, in terms of incidence, prevalence and life years lost. 
The dynamic multistate life-table approach demonstrates that changes in the size and composition 
of the population result in an increase of stroke incidence from 1.8 per 1,000 in 2000 to 2.3 per 
1,000 in 2020 for men (28%) and from 2.5 per 1,000 to 2.8 per 1,000 for women (12%). The stroke 
prevalence was also estimated to increase substantially in the near future, i.e. from 7.7 per 1,000 in 
2000 to 8.2 per 1,000 for men (7%) and from 7.2 per 1,000 to 8.9 per 1,000 for women (24%). 
The trend in prevalence of hypertension has a fractionally smaller effect on both incidence and 
prevalence for both men and women. The input data of hypertension may have contributed to 
the marginal effects on the future number of stroke patients. Patients who use antihypertensive 
medication are no longer defined as hypertensives when normal blood pressure levels are achieved 
in our input data. Therefore, current improved detection and treatment of hypertension control may 
have diminished the effect of hypertension. The trend in smoking prevalence in the Dutch population 
has also a relatively small effect on the future number of stroke patients in the medium term. This is 
caused by the large time lag between the decrease in smoke prevalence in society and its effect on 
stroke incidence rates. Current high stroke prevalence rates for men and lower prevalence rates of 
women are mainly due to past trends in smoking behavior. The higher increase of stroke prevalence 
rates for women in 2020 in our projections are due to past smoking behavior, with women showing 
a smaller decrease in smoking prevalence than men in the last few decades.
Combining the effects of the trends in hypertension prevalence and smoking prevalence results 
in an additional increase of 4% in stroke prevalence in 2020. Our model projection shows that the 
slightly advantageous effects of the trend in prevalence of hypertension in the Dutch population are 
overshadowed by the adverse effects of the trend in prevalence of smoking in the Dutch population, 
especially in women. 
Our model demonstrates that the increase in prevalence is associated with an increase of life years 
lost of more than 30% in the period 2000 to 2020. The annual amount of life years lost increases with 
a stable percentage in each different time period.
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Comparing our results over the period 2000 till 2020 with the results of the earlier study (8) for the 
period 1985 till 2005 reveals that they differ considerably for the stroke incidence rates. Niessen 
et al. projected for the period 1985-2005 a decline of 19% in absolute numbers of stroke incident 
cases for men (current study: an increase of 28% per 1,000 between 2000-2020 which corresponds 
with an increase of 39% in absolute incident stroke numbers) and about a 17% decline for women 
(current study: increase of 12% per 1,000 between 2000-2020 which corresponds with an increase 
of 20% in absolute incident stroke numbers). Niessen et al. estimated an annual decline in stroke 
incidence rates based on calculated trend values, but empirical data till the year 2000 do not confirm 
this decline (7). Also, the effects of the ongoing aging of the population are different for the two time 
periods (1985 till 2005 versus 2000 till 2020) which in turn leads to different effects on the number of 
incident stroke cases. Finally, the effects of trends in risk factors as accounted for in the current study 
result in a growing number of stroke patients. However, these effects do not have a great impact on 
the future number of new stroke patients. 
Our study predicts an increase in stroke prevalence rates of 24% per 1,000 for women, which 
corresponds with an increase of 40% in absolute prevalence rates. This increase is twice as large as 
the increase predicted by Niessen et al. (8) (an increase of 19%). However, the  increase in prevalence 
rates for men in current study (an increase of 7% per 1,000 which corresponds in an increase of 
18% in absolute stroke numbers) is comparable with the results of Niessen et al. (an increase of 
25%). The larger increase in women observed in our study is related to the different number of 
incident cases and the differences in stroke mortality rates used in the two studies. Niessen et al. (8) 
predicted an annual decline in stroke mortality rates, but this prediction has not been confirmed by 
the empirical data (7).  The study of Niessen et al. (8) did not calculate the potential years of life lost, 
so a comparison with current study can not be made. 

Some remarks need to be made. In our model, assumptions have to be made to fill gaps in 
knowledge. However, when applying the maximum and minimum values of the most sensitive 
variables, the projections in our model are robust in terms of incidence, prevalence and life years 
lost. Using the Dutch GP registrations, we were limited in our ability to specify the subtypes of 
stroke. The Dutch GP registrations do not allow a specification of subtypes of stroke as they do not 
differentiate between ischemic stroke and hemorraghic strokes. In reality the risk profiles of ischemic 
stroke and hemorraghic strokes differ, although hypertension and smoking are common risk factors 
for both ischemic and hemorraghic stroke (15;21-23). Differences between stroke subtypes may play 
an important role in projecting and understanding the dynamics of the future stroke morbidity and 
mortality. Furthermore, recent figures of the prevalence of hypertension in the Dutch population 
are lacking. Therefore, we used the most recent data available. Varying the prevalence rates of 
hypertension in our sensitivity analysis, hardly effects the results in terms of incidence, prevalence 
and life years lost change very little.

The number of stroke patients in the Netherlands will rise continuously until the year 2020. Our study 
demonstrates that a large part of this increase in the number of patients is an inevitable consequence 
of the aging of the population. The increase in prevalence is larger for women (40%) than for men 
(18%). For the medium term, the increase in prevalence is marginally explained by expected changes 
in smoking behavior and changes in the prevalence of hypertension. Only a reduction of smoking 
and hypertension rates in the population will substantially reduce the prevalence of stroke in the 
long run. Such a population based approach will be more effective in reducing the prevalence of 
stroke in the long run than current prevention strategies which are only focused on individuals with 
high risks. 
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Despite our conclusion that a large part of the increase in stroke patients is inevitable, we still believe 
that more attention should be paid to primary prevention. New priority setting regarding primary 
prevention of stroke is necessary in order to reduce the number of stroke patients in the long run. 
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Appendix 5.1: Formal description of the stroke model

Stroke model
The stroke model is a dynamic multi-state life-table based on the life-table method. 
The model has a Markov property. This means that the likelihood of moving from one particular 
state to another state is independent from the preceding state and depends only on the present 
state defined by disease state, sex and age (1). As a consequence, all relevant information for the 
transition probabilities has to be includedin the present state. Hence, the influence of duration and 
past disease history is to be ignored in the model (2).
The most important assumptions of the model are:
- Conditional independence between transitions
  Conditional of the risk factor class, the different transition rates are assumed to be mutually 

independent, i.e. that when a transition rate is changed, the other transition rates remain 
the same. Thus, the mortality rate of stroke patients does not depend on their risk factor, for 
example whether or not they have hypertension. 

- Homogeneity within states
  Irrespectivey of duration of stay in current state and past disease history and previous states 

all persons have the same transition rate to go to another state within one state. In real world 
this will not be the case. A person who has been in a state for a long time, will have a higher 
transition probability than someone who just entered the state.

-  Constant transition rates
  It is assumed that the probability rates are constant over time (stability assumption). In reality 

there will be some time trends. The stroke model allows for adjustment for time trends.

The stroke model is basically a combination of a demographic model and a disease model. For 
every one-year time step the demographic model calculates the mortality and migration (and birth) 
for different (sub)populations. 
The demographic model is in formula: 

POPt+1 = POPt - MORTt + MIGRt + Bt       (1)

where POPt represents the population numbers at the end of year t, MORTt represents the number 
of death due to stroke or other causes of death during year t, MIGRt represents the net migration 
during year t, and Bt represents the number of newborns in year t. The latter are irrelevant for the 
stroke model because stroke is a disease of the elderly. 

Estimation of the mortality
Total mortality in the population is made of two mortality rates: stroke mortality and mortality due to 
other causes. Formally the total mortality is 

MORTt = MORTs + MORTother       (2)
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Where MORTs is representing the case fatality and MORTother is representing the number of death 
due to all other causes of death among the disease-free population. The case fatality is again divided 
into two mortality rates: the ‘acute case fatality’ and the ‘long term case fatality’ and is calculated 
as:

MORTs = CFa * INCt + CFc * PREVt         (3)

Where acute CFa is the case fatality rate during the first year after the onset of stroke, INCt is the 
incidence of stroke during year t, CFc is the yearly case fatality rate after the first year after the onset 
of stroke, and PREVt  is the number of stroke patients of year t. The case fatality rates of stroke are 
estimated on data of 760 hospitalized stroke patients from the Research On Stroke Amsterdam 
study (ROSA). For detailed information of the study we refer to (3;4).
The curve estimation of the case fatality rates per day in ROSA is  

CFt = -31 + 474*1/ (t+20) + 6 * log(age) – 88 * log(age)/t+20    (4)

Where t = days after the onset of the stroke and age is the age at the onset of the stroke.

This formula enables us to calculate the case fatality rate after 365 days specified for age. A lot of 
studies have reported case fatality rates and these rates have a wide variation (5-12). We made a 
pooled estimate of the case fatality found in the literature in order to compare the case fatality with 
our estimate of the case fatality rates. After adjustment for age the case fatality rates of the ROSA 
study were slightly higher than the case fatality rates reported in the literature.
Note that MORTstroke is representing the mortality among stroke patients and not only the mortality 
among stroke patients due to stroke. Stroke patients who die from other causes than stroke are also 
counted as case fatality. The ROSA data do not allow us to know the cause of death of the stroke 
patients. It is highly likely that  the vast majority of deaths among stroke patients is due to the 
consequences of stroke.

The mortality numbers for the disease free population due to other causes is calculated as: 

MORTother = mortother * (POPt – INCt – PREVt)      (5)

where mortother is the mortality rate for all other causes. The mortother is derived from the cause-of-
death registration of Statistics Netherlands (13). The cause-specific mortality rates were obtained 
for the total population. The stroke mortality is subtracted from the overall mortality. Formally the 
overall mortality per 1,000 is defined as: 

mortother  = (Noverall mort/ POPt) – (Nstroke mort/ POPt)     (6)

where Noverall mort is the total number of deaths in the Netherlands in 2000 and Nstroke mort is the total 
number of stroke deaths in the Netherlands in 2000.
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Estimation of the stroke prevalence
The model describes the changes in disease prevalence numbers over time specified by age and 
gender. The prevalence numbers changes due to stroke incidence, mortality and recovery. Annual 
changes of prevalence are calculated as:

PREVt+1 = PREVt + INCt – MORTstroke,t – RECstroke,t     (7)

with PREVt representing the number of stroke patients at the end of year t, INCt representing the 
incidence of stroke during year t, MORTstroke,t representing the case fatality during year t, and RECstroke,t 
representing the recovery of stroke patients during year t.
In the model there is the possibility that stroke patients go from a disease state to a non-disease 
state. However, we assume that no stroke survivors will return to the non-disease state. Therefore, 
the recovery rate in the stroke model is assumed to be zero. The annual changes of stroke prevalence 
in the model is: 

PREVt+1 = PREVt + INCt – MORTstroke,t       (8)

Estimation of the stroke incidence
The incidence rate of non-smokers is defined as the number of cases per 1,000 people from the GP 
registration specified by age and gender. The incidence rates of smoker and former smokers are 
expressed as the incidence rate of non-smokers multiplied by a relative risk. The relative risk of non-
smokers equals one. The incidence risk of non-smokers is calculated as the total observed incidence 
divided by the sum of relative risks multiplied by the relative sizes of all smoking classes. 
Formally, the incidence rate of a smoking class k with a given age and gender is:

INCs (k) = INCnon * rr(k)        (9)

INCnon = INCs/ ∑k pop(k)* rr(k)       (10)

with INCs (k) being the incidence rate for smoking class k expressed as the number of cases per 
1,000 people in the group, INCnon the incidence rate of the non-smokers also expressed as rate per 
1,000, pop (k) the fraction of people belonging to the smoking class k per 1,000 in the group, and 
rr(k) is the relative risk of smoking class k compared to non-smokers.

For calculating the incidence rate for hypertensive people the same procedure is used. The incidence 
rate for hypertensive people is expressed as the incidence rate of non-hypertensives multiplied by 
a relative risk. As a consequence the relative risk of the non-hypertensives is one. The relative risk 
of the hypertensive people is derived from the literature (14-17). The incidence rate of people with 
hypertension is 

INCh = INCnh * rr(h)        (11)

where INCh is the incidence rate per 1,000 for the hypertension class, INCnh is the incidence rate per 
1,000 for people with no hypertension. Note that for non- hypertensives the rr(h) is again 1, so the 
INCh for non-hypertension equals INCnh.
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The incidence rate for hypertensive smokers slightly differs from the previous formulas. The incidence 
rate for people in smoking class k with hypertension is calculated as the incidence rate of smoking 
class k multiplied by the incidence rate of the people with hypertension multiplied by a relative 
risk. The relative risk for hypertensive smokers is derived from the literature (18). So formally the 
incidence rate of smoking class k with hypertension is

INCs,h = rr(k,h) * INCs* INCh        (12)

Here INCs,h is the incidence number for hypertensive smokers, and rr(k,h) is the relative risk for 
hypertensive smokers. 
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Appendix 5.2: Input data model

Demographic data
Table A2.1 presents the input data, relative risks and transition probabilities used in the stroke model. 
The age- and sex-specific demographic data for the year 2000 in the model, i.e. mortality numbers 
and birth- and migration prognoses, are derived from Statistics Netherlands (1).
The incidence based on data from 5 GP-registrations (2-6) till the year 2000 are combined into an 
age- and gender-specific average, to obtain the most recent estimates for the incidence of stroke 
in the Netherlands (7). The same is done for data on stroke prevalence. Registrations (2-4) for which 

Arrow in 
figure A2.1 Men Women

<65 years 65-74 years 75-84 years >85 years <65 years 65-74 years 75-84 years >85 years

Epidemiology
Stroke incidence (per 1,000) # 0.61 7.87 15.97 25.71 0.48 6.27 15.63 32.73
Stroke prevalence (per 1,000)# 3.13 45.06 85.11 94.76 2.51 35.16 99.74 81.84
First year case fatality rate 1 0.156 0.336 0.465 0.617 0.156 0.336 0.465 0.617
Long-term case fatality rate ss 1 0.018 0.055 0.072 0.073 0.018 0.055 0.072 0.073
Excess mortality in disease free 2 261 2,803 7,459 18,727 176 1,463 4,259 14,269

Hypertension
Prevalence (transition probability) <65 years 65-74 years 75-84 years >85 years <65 years 65-74 years 75-84 years >85 years
Category 1 (<120 mmHg) 3 42.6 (0.0256) 36.5 (0.028) 7.5 (0.003) 1.46 (0.000) 58.9 (0.026) 11.2 (0.031) 4.6 (0.001) 3.3 (0.000)
Category 2 (120-139 mmHg) 3 10.9 (0.0248) 25.1 (0.050) 21.5 (0.051) 11.0 (0.074) 20.8 (0.034) 22.6 (0.046) 16.1 (0.055) 8.8 (0.083)
Category 3 (140-159 mmHg) 3 10.0 (0.0539) 20.1 (0.069) 20.4 (0.045) 11.8 (0.016) 4.1 (0.031) 20.5 (0.099) 19.7 (0.090) 17.4 (0.48)
Category 4 (160-179 mmHg) 3 12.6 (0.2887) 13.5 (0.109) 22.8 (0.052) 12.5 (0.000) 1.3 (0.202) 11.1 (0.166) 12.7 (0.145) 13.3 (0.090)
Category 5 (≥180 mmHg) 3 14.9 (0.000) 34.6 (0.000) 46.9 (0.000) 57.3 (0.000) 14.9 (0.000) 34.6 (0.000) 46.9 (0.000) 57.3 (0.000)
RR stroke 
Category 1 (<120 mmHg) 4 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Category 2 (120-139 mmHg) 4 1,34 1,33 0,69 0,11 1,46 1,35 0,61 1,14
Category 3 (140-159 mmHg) 4 2,20 1,01 1,51 0,13 2,30 1,77 1,49 1,30
Category 4 (160-179 mmHg) 4 3,44 2,52 1,98 1,57 3,66 2,50 1,91 1,55
Category 5 (≥180 mmHg) 4 3,44 2,52 1,98 1,57 3,66 2,50 1,91 1,55

Smoking <65 years 65-74 years 75-84 years >85 years <65 years 65-74 years 75-84 years >85 years
Prevalence smokers 0.313 0.311 0.276 0.24 0.269 0.174 0.125 0.060
Stop probability 5 0.028 0.048 0.047 0.047 0.030 0.048 0.051 0.051
Restart probability 6 0.061 0.018 0.000 0.000 0.057 0.033 0.006 0.000

10-14 years 15-19 years 20-24 years 25-29 years 10-14 y 15-19 years 20-24 years 25-29 years
Start probability 7 0.028 0.046 0.042 0.006 0.037 0.039 0.016 0.000

<24 years 25-44 years 45-64 years 65-79 years >80 years <24 years 25-44 years 45-64 years 65-79 years
RR stroke current smoker 8 1 3.96 3.04 2.17 1.55 1 1.42 3.66 2.41
RR stroke former smoker 9 1 1.42 1.25 1.1 1.01 1 1.59 1.36 1.15

Additional RR smoking and  
hypertension 10 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3

Table A2.1: Input data and transition probabilities within the stroke model
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the year prevalence rates of stroke were available are used to estimate the prevalence rates of stroke 
in the Netherlands. Age- and gender-specific case fatality rates are estimated using data from the 
Research On Stroke Amsterdam study (ROSA) (8;9). This multi-center study followed a large sample 
of hospitalized stroke patients (n=760) up to five years after hospital admission. Data were collected 
at 6 month, 3 years and 5 years after stroke, and include the date of onset of stroke and on date of 
death. After a goodness-of-fit test of the curve estimation of the case fatality data, we calculated 
age- and gender-specific case fatality rates for the first year after the onset of stroke (from now on: 
the first year case fatality) and for the subsequent years (from now on: the long-term case fatality).
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Risk factors
The age- and gender-specific prevalence of hypertension in the Netherlands is estimated on the 
basis of two studies and used to determine the prevalence rate of hypertension in the Netherlands 
for a full age range. The prevalence of hypertension till the age of 65 was estimated from the 
Monitoring Project on Risk Factors for Chronic Diseases (MORGEN-study) (10), and the prevalence 
of hypertension above the age of 65 was estimated from the Rotterdam Ergo study (11). 
The age-specific relative risks of hypertension for stroke were based on four studies (12-15). Results 
of these four studies are combined in an age-specific average relative risk (5-year age classes). 
The age- and gender-specific prevalence rates of smokers and former smokers in the Netherlands 
were derived from the yearly population monitoring studies of the Foundation on Smoking and 
Health (16), for the time period 1997-2000, specified by gender and 5-year age classes and the three 
groups of never smokers, former smokers and current smokers. The age- and gender-specific start, 
stop and restart rates are computed from the observed trends over the period 1997-2000. 
The relative risks of former and current smokers are derived from several studies (17-21). The reported 
data of these studies are combined into an age- and gender-specific average (5-year age classes). 
The additional relative risks of stroke for people with the combination of hypertension and smoking 
are calculated based on data from the one available study of Shaper (22).

Modified Figure A2.1: Basic structure of the stroke model including possible health states (disease 
free population, stroke population and death) and possible transition rates which are represented by 
arrows (number of arrows correspond with the numbers in Table A2.1)
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Abstract
Background In the next decades the number of stroke patients is expected to increase. Furthermore, 
organizational changes like stroke services are expected to be implemented on a large scale. The 
purpose of this study is to estimate the future health care costs by taking into account the expected 
increase of stroke patients and a nationwide implementation of stroke services.
Methods and data By means of a dynamic multi-state lifetable, the total number of stroke patients 
can be projected. The model calculates the annual number of patients by age and gender. The 
total health care costs are calculated by multiplying the average health care costs specified by 
age, gender and health care sector with the total number of stroke patients specified by age and 
gender.
Results In 2000 the health care costs for stroke amounted € 1.64 billion. This is about 4.3% of the 
total national health care budget. Projections of the total costs of stroke based on current practice 
result in an increase of 28% (€ 2.08 billion) in the year 2020. A nationwide implementation of stroke 
services in 2020 would result in a substantial reduction of the costs of stroke (€1.81 billion: 13% cost 
reduction) compared with the regular care scenario. 
Conclusions A nationwide implementation of stroke services is a strong policy tool for cost 
containment of health care in an aging population like the Netherlands. Policy makers should be 
keen to optimize the organization of stroke care.
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Introduction
Numerous studies have documented the economic costs of stroke, and several review studies have 
been performed (2;7). Currently, about 3-4% of the total health care expenditures in the Western 
countries is spent on stroke (2). Due to the ongoing aging of the Dutch population the incidence 
and prevalence of stroke are expected to increase during the period 2000-2020 with 20% and 39% 
respectively (10). 
As a result, there is a growing demand for stroke care, while the resources are limited. Due to this 
discrepancy, economic studies on how to allocate the limited health care resources effectively are 
increasingly used by health care providers and policymakers. Till now, scenario analyses on stroke 
in the Netherlands have not included economic cost calculations but have focused on the future 
dynamics in stroke epidemiology in terms of incidence, prevalence, mortality rates and potential 
years of life lost (PYLL) (6;10). The outcomes of epidemiological scenario analyses can not be easily 
transformed into health care costs by multiplying the total numbers of stroke patients with an 
average costs per patients, since the total health care costs of stroke depend on the age and gender 
distribution of the future stroke population. 
In general, cost transformations do not consider important changes in stroke care management, such 
as stroke services. Organizing stroke care in stroke services has recently been demonstrated to result 
in improved functional status and quality of life for patients (4;13;14). In stroke services the patient 
flow from the hospital to (nursing) home has been efficiently regulated through capacity planning 
and improved hospital discharge procedures. As a consequence the volume of the phenomenon 
of ‘blocked beds’ has been reduced significantly (4;13;14). Based on these results, current health 
care policy in the Netherlands aims to implement stroke services on a broader scale to improve the 
quality and management of stroke care in the Netherlands. 
The purpose of this study is to perform a scenario analysis in which the expected increase in 
stroke costs in the Netherlands in the year 2020 is estimated. First, we investigated the effects of 
demographic changes and trends in the prevalences of hypertension and smoking on the future 
health care costs by using cost estimates based on regular care (regular care scenario). Second, we 
estimated the economic consequences of a nationwide implementation of stroke services on total 
stroke costs (in addition to the regular care scenario) (stroke services scenario). Special attention was 
given to the substitution of costs between institutional care and non-institutional care. 

Methods
Model
A dynamic multistate life-table is used to estimate future stroke incidence, prevalence and mortality 
in the Dutch population over the period 2000-2020. The model calculates the yearly number of 
new patients by age and gender by using incidence rates, specified by age, gender and presence 
of major risk factors (hypertension and smoking). A version of the model was used to forecast the 
future incidence and prevalence of stroke (10) and Chronic Obstructive Pulmonary Disease (COPD) 
(3;9) in the Netherlands. 
The change in the annual number of stroke patients is the result of incident cases minus mortality numbers. 
Mortality consists of stroke-specific and other cause mortality. Stroke-specific mortality is calculated by 
adapting age-specific case fatality rates for both the first year and the subsequent years after the onset 
of stroke. For a more detailed description of the model and the input data used see (10). 

Health care utilization and related costs
We use a bottom-up method for cost calculation; starting with the number of patients and then 
combining these numbers with the costs per patient. The total costs of stroke are calculated by 



  |   93

adding the product of the estimated number of new patients with the estimated costs per patients in 
the first year to the product of the estimated number of patients minus the new number of patients 
multiplied by the costs per patient after the first year. 
Data on health care utilization were obtained from the Evaluation of Dutch Integrated Stroke Service 
Experiments (EDISSE) study (13) and the Research On Stroke Amsterdam (ROSA) study. The EDISSE 
study (n=598), carried out in the period 2000- 2001, is a large observational, non-randomized study, 
that aimed to evaluate three different experimental stroke services (and three control groups) in 
terms of health outcomes and costs. Data about health care utilization, patient outcome and costs 
were collected during the first six months after hospitalization. Three main sectors of health care 
were distinguished: 1) hospital care, 2) institutional care and, 3) non-institutional care i.e. GP care, 
medication, home care, paramedical care, home adaptations and assistive devices (13). We used 
data on health care utilization and costs from the most efficient stroke services (Delft), which included 
151 stroke patients. Costs of regular care were obtained from the three control groups (n=187).
Because of the lack of data on long-term health care utilization (> 6 months) in the EDISSE study, 
we used data from the ROSA study. In the ROSA study, a large sample of consecutively hospitalized 
stroke patients (n=760) was followed up to five years, from 1991 till 1996, to quantify long-term 
health care utilization, including hospital care, institutional care (nursing home and rehabilitation 
care) and non-institutional care, i.e. GP care and therapy (physical, occupational and speech therapy) 
(1). Data on the use of pharmaceuticals outside the hospital were not registered. We used the 
estimated costs per patient in the first year after the stroke and for the subsequent years of the 
ROSA study. We assumed that the proportion of costs made after the 6th month in the EDISSE study 
was similar to the proportion of costs made after the 6th month in the ROSA study. 
Table 6.1 presents the health care costs per incident and prevalent stroke patient for each health 
care sector specified for age and gender. The costs are shown separately for regular care and stroke 
services care. In the costs estimates of stroke services care the non-recurrent coordinating costs 
are not taken into account. All costs (€) presented in this study were inflated to the year 2000 and 
assume a constant price level.

Scenarios
To gain insight into the future health care costs, we formulated the following scenarios:
1.  A baseline scenario in which the health care costs for the year 2000 are estimated. The 

calculated health care costs in this scenario are based on cost estimates of current practice. 
This baseline scenario will be used as the reference scenario. 

2.  A regular care scenario in which both demographic changes (aging) and changes in risk factor 
prevalences (hypertension and smoking) are taken into account. The calculated health care 
costs for the year 2020 in this scenario are based on cost estimates of stroke patients in regular 
care. Changes in risk factor prevalences are based on model projections (10). 

3.  A stroke services scenario in which a nationwide implementation of stroke services is assumed. 
The projected changes in health care costs for the year 2020 comprise demographic changes, 
trends in major risk factors and cost estimates of stroke patients participating in stroke services. 
Key elements of the stroke services are the introduction of specialized nurses who coordinate the 
hospital care and nursing home care by improved hospital discharge procedures, guaranteed 
nursing home capacity and an integrated medical file. 

The results of the scenarios will be presented in total costs (€) per year specified for men, women 
and the total population. Furthermore a distinction between health care sectors will be made, i.e. 
hospital care, non-institutional care and institutional care.
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Hospital
care

Non-institutional
care

Institutional
care Total

Costs of regular stroke care

First year after the stroke

Men    <65 5,023 3,220 11,291 19,533

65-74 8,198 2,087 10,637 20,921

75-84 6,585 3,029 7,463 17,077

>85 8,021 1,420 7,371 16,812

Women <65 5,543 3,462 7,593 16,598

65-74 7,526 2,896 10,088 20,510

75-84 9,078 2,423 10,448 21,948

>85 10,919 1,844 9,686 22,448

Yearly after the first year after stroke

Men    <65 1,257 710 2,369 4,336

65-74 2,047 460 2,232 4,739

75-84 1,644 668 1,566 3,878

>85 2,003 313 1,547 3,864

Women <65 1,364 752 1,570 3,686

65-74 1,879 639 2,117 4,635

75-84 2,267 534 2,192 4,993

>85 2,727 407 2,033 5,168

Costs of stroke services care

First year after the stroke

Men    <65 4,526 3,115 12,216 19,858

65-74 5,618 2,390 8,367 16,375

75-84 4,691 5,071 8,333 18,095

>85 4,214 1,194 5,129 10,537

Women <65 4,393 5,672 8,170 18,235

65-74 5,323 4,462 6,544 16,329

75-84 4,554 2,625 9,561 16,739

>85 4,503 4,884 4,336 13,723

Yearly after the first year after stroke

Men    <65 1,132 687 2,563 4,383

65-74 1,441 527 1,756 3,724

75-84 1,133 1,118 1,749 4,000

>85 1,041 263 1,077 2,381

Women <65 1,089 1,233 1,689 4,010

65-74 1,361 984 1,373 3,719

75-84 1,105 579 2,006 3,690
>85 1,128 1,078 1,083 3,289

Table 6.1: Costs (€) of stroke care per patient at constant treatment pattern in 2000, specified for 
age, gender, and health care services
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Results
Health care costs
Figure 6.1 shows the total health care costs of stroke in 2000, the baseline scenario, and the total 
health care costs of stroke in the regular care and stroke services scenario for the year 2020. 

The total health care costs of stroke in the Netherlands in the baseline scenario are estimated at 
€ 1.64 billion (2000). Male stroke patients account for 46% of the costs. Institutional care is the 
largest cost component with about 57% of the total cost (about € 930 million). This is caused by 
the larger number of patients in the chronic phase, who use more nursing home and rehabilitation 
care compared to patients in the acute phase (not shown in Figure 6.1). In addition, 28% of the total 
health care costs are devoted to inpatient hospital care (about € 450 million).
The combined effects of demographics and trends in risk factors in the regular care scenario result 
in an increase in the health care costs of about 28% up to €2.08 billion in the year 2020 compared 
to the baseline scenario. The greater part of the increase in health care costs is the result of the 
demographic changes in size and composition of the population (not shown in Figure 6.1)(10).
Compared to the baseline scenario, the stroke services scenario will yield an increase in the total 
health care costs of 12%, i.e. from € 1.64 billion to € 1.81 billion. In the stroke services scenario the 
total health care costs are substantially lower than in the regular care scenario (13%; about € 260 
million cost reduction). Stroke services will lead to a sharp decline in total hospital care costs of 38 
% (about € 220 million cost reduction).
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Figure 6.1: Projections of the total healthcare costs of stroke in the Netherlands in 2020 compared 
with the costs of stroke in the Netherlands in 2000
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Figure 6.2 shows the health care costs of the regular care scenario and the stroke services scenario, 
specified for age and health care sector. Stroke services are estimated to lead to considerably lower 
hospital costs compared with the regular care scenario. The differences in hospital costs increase 
by age group, which can be explained by the small number of stroke patients in the younger age 
groups. Conversely, the costs of non-institutional care are estimated to be higher in all age groups 
in the stroke services scenario compared to the regular care scenario (an increase of 45%). The costs 
of non-institutional care in the oldest age group (over 85 years of age) appeared to be substantially 
higher in the stroke services scenario (€75 million) compared with the regular care scenario  
(€33 million). Furthermore, when stroke services are widely implemented, the costs for institutional 
care will decrease compared with the regular care scenario. This is caused by the lower costs estimates 
of institutional care of stroke patients in the stroke services as compared to the costs estimates of 
stroke patients in the regular care setting. However, this decrease in institutional care costs does 
not apply for the youngest age group (under 65 years of age). Apart from the overall lower health 
care costs, a nationwide implementation of stroke services also results in a substitution of costs from 
hospital care and institutional care towards non-institutional care of about € 133 million, which is 
more than 7% of the total costs of stroke.
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Figure 6.2: Comparison of the total healthcare costs of stroke in the regular care scenario versus the 
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Sensitivity analysis
To test the effects of changes in relevant variables on the outcomes of the model a sensitivity 
analyses was performed. The model appeared not to be particularly sensitive to variations in case 
fatality rates, transition rates and the input prevalence data of hypertension and smoking. For all 
these variables, the total health care costs in 2020 changed with a maximum of 8%. The estimates 
of the future health care costs were more sensitive to variations in the input data of stroke incidence 
and prevalence. When applying the lowest and highest incidence and prevalence stroke rates from 
the five Dutch GP registrations (5;11) included in the regular care scenario, the total health care costs 
by the year 2020 will decrease with 20% and increase with 19% respectively. 
Furthermore, the model appeared to be highly sensitive to variations in health care costs with a 
maximum of 47% when the lower bound of the 95% confidence interval of the stroke costs per 
incident and prevalent case was applied. 

Discussion
The purpose of the present study is to predict the future health care costs of stroke in 2020 in 
the Netherlands, in particularly focusing on a nationwide implementation of stroke services. We 
estimated the future health care costs based on regular care, taking into account the effects of 
demographic changes and trends in major risk factors for stroke i.e. hypertension and smoking. In 
addition, we estimated the effects of the nationwide implementation of stroke services on future 
stroke costs.
The total health care costs of stroke in the baseline scenario are estimated at about € 1.64 
billion (2000). This amounts to about 4.3% of the total national health care budget for 2000 in 
the Netherlands, which is somewhat higher than the estimations in other stroke cost studies (2;8). 
Costs differences between the studies can partly be explained by the different cost calculations 
approaches (top-down versus bottom-up). We used a bottom-up approach for costs calculation and 
included the total volume of health care utilization by stroke patients. The other studies used top-
down cost calculation methods, which tend to result in an underestimation of the actual costs since 
they are based on the primary diagnosis only (8).
Our model demonstrates that changes in the size and composition of the population and in the 
trends in major risk factors (hypertension and smoking) result in an increase of 29% of the total health 
care costs (from € 1.64 billion in 2000 to € 2.08 billion in 2020), while the number of prevalent stroke 
patients is expected to increase with 39% (10). This difference is due to a higher mortality rate of the 
on average older stroke patients in 2020 (as compared to 2000), which results in a relatively smaller 
increase in total health care costs (29%) in comparison to the increase in stroke numbers (40%). 
Our model demonstrates that a nationwide implementation of stroke services results in a considerable 
decrease of the total health care costs of about 13% compared to the total health care costs in the 
regular care scenario. Comparing the baseline scenario of 2000 with the stroke services scenario 
in 2020, the costs of stroke will increase with only 12% in the next 20 years despite the ongoing 
demographic aging of the Dutch population. 
Several studies have demonstrated that stroke services result in a considerable health gain for stroke 
patients (4;13). Our current projections show the potentials of a nationwide implementation of stroke 
services for cost containment of national health care expenditures. Till now, the development of and 
participation in stroke services by health care providers have been on a voluntary basis (12). By 
creating new (financial) incentives for the participation in stroke services, the desired organizational 
changes in stroke care management at a nationwide level may be achieved earlier than by the 
current facilitating approach on a voluntary basis. 
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Our calculations also show that a nationwide implementation of stroke services causes significant 
substitutions of costs between different health care sectors, in particular from hospital care and 
institutional care to non-institutional care. While this substitution will result in economic gains at the 
societal level, this substitution could have considerable side effects, such as pressure on the home 
care capacity and financial consequences for individual stroke patients because of the current policy 
of increasing co-payments.

Some remarks need to be made on the interpretation of the results. First, in our model, assumptions 
have been made to fill gaps in knowledge. For most variables the model appeared to be quite 
robust. However, for changes in the input data of stroke incidence and prevalence rates and changes 
in the health care costs resulted in considerable changes in estimated outcomes. However, we varied 
the costs estimates by using the upper and lower bound of the 95% confidence interval, which has 
a very broad range since the number of patients on which the costs estimates were based is small. 
Also the changes in the input data for stroke incidence and prevalence were varied in a broad range. 
This explains the sensitiveness of the model for changes in health care costs and for changes in the 
input data of stroke incidence and prevalence.
Second, the costs estimates were not comprehensively assessed within one particular study since 
the data on long-term health care utilization were lacking in the EDISSE study. We assumed that the 
proportion of costs made after the first 6 months in the ROSA study are similar to the proportion 
of costs made after 6 months in the EDISSE study. Applying this proportion of the ROSA data 
on the EDISSE data in order to estimate the long-term health care costs of stroke patients may 
have introduced some bias since the treatment patterns of stroke patients will change over time. 
However, the assumption is in line with what we found in an earlier systematic review of stroke costs 
studies, in which the proportion of costs made after the first year after stroke was quite comparable 
between stroke costs studies (2). 
Third, we assumed a constant treatment pattern and therefore constant cost estimates for both the 
regular care and the stroke services care in the next 20 years. In reality, this assumption does not 
hold. However, since this is assumed in both costs estimates (regular and stroke services care), the 
estimated potential economic gain due to the implementation of stroke services in the medium 
term is not influenced by this assumption. It is worth mentioning, that the current practice in the 
Netherlands already includes some features of stroke services, like e.g. protocols and stroke units. 
Also organizational differences within stroke services lead to different results in outcomes (13). 
Therefore, the economic gain is depending on specific structures and processes of care of the stroke 
services. 

To conclude, the total health care costs of stroke in the Netherlands will rise sizeably from €1.64 
billion in 2000 to €2.08 billion in 2020, when regular care costs estimates are used. A nationwide 
implementation of stroke services will lead to a substantial cost reduction (€ 260 million: 13% cost 
reduction) compared to the costs estimates based on regular care. Our calculations show that a 
nationwide implementation of stroke services is a strong policy tool for cost containment of health 
care. The implementation of stroke services will cause a substitution of costs from hospital care 
and institutional care to non-institutional care. To ensure that non-institutional health care providers 
are capable of delivering and managing the growing demand for non-institutional care, additional 
policy measures are necessary. New (financial) incentives are needed in order to realize a nationwide 
implementation of stroke services in the year 2020. More than now, policy makers should be keen to 
optimize the organization of stroke care.
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Chapter 7

An International Comparison of Stroke Cost  
Studies
Evers SMAA, Struijs JN, Ament AJHA, van Genugten MLL, Jager JC, van den Bos GAM. International 
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Abstract
Background With the rapid international spread of interventions there is a need to understand 
the economic implications of these changes and to interpret these economic implications on 
the international level. The purpose of this study is to systematically compare total healthcare 
expenditures on stroke, the costs of stroke per capita, and the distribution of stroke costs within 
different countries with special attention to the allocation of resources among different healthcare 
facilities.
Methods and data Studies for this literature review were selected by conducting a literature search 
from January 1966 to July 2003. Key methodological, country-related and monetary issues of the 
selected stroke cost studies were evaluated using a checklist. 
Results After selection, 25 stroke cost studies were reviewed. Although the selected COI-studies used 
different methodologies, the estimated expenditures for stroke are roughly similar. The proportion 
of national healthcare in the eight countries studied is unequivocal for the more recent studies, 
i.e. about 3% of total healthcare expenditures. A shift is observed from the inpatient treatment 
costs (in the first year), towards outpatient treatment and long-term care costs (in the latter years). 
Furthermore, it is remarkable that in the studies little attention is paid to costs borne by the patient 
and family, or to the costs of comorbidity.
Conclusions This study highlights the importance of studying the economic consequences of 
stroke and of interpreting the results on the international level. The results of stroke cost studies 
provide insight into the distribution of the costs of stroke and the impact of stroke on the national 
expenditure on healthcare. 
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Introduction
Stroke is a major disease in both medical and economic terms. The prevailing emphasis on cost 
containment and managed care has led to increased interest in the economic aspects of stroke. A 
total overview of the economic aspects of stroke is given in cost-of-illness (COI) studies. Results of 
these COI studies can be used for resource allocation purposes. Over the years there has been a 
marked increase in the number of these publications on the economic aspects of stroke (1-3). With 
the rapid international spread of new diagnostic interventions and care arrangements for stroke, 
there is a need to understand the economic implications of these changes and to interpret these 
economic implications on the international level. This study aims to systematically compare how the 
costs of stroke in different countries are affected by cross-national differences, by using a quality 
checklist. No complete systematic international review of the quality of COI studies in stroke has 
been undertaken in the literature, although efforts (2-4) have been made to illustrate the economic 
implication of stroke. The following study is a further elaboration of these earlier reviews. The 
purpose of this study is to present an international comparison of the total healthcare expenditures 
on stroke, the costs of stroke per capita, and the distribution of stroke costs within different countries 
with special attention to the allocation of resources among different healthcare facilities. 

Methods
Checklist 
A checklist has been developed to enable a systematic comparison among the COI-studies. 
The systematic review includes studies from January 1966 to July 2003. The checklist used for 
the systematic review consists of two parts (Table 7.1); a design part and a costs part. Below an  
explanation of the most important aspects of the checklist is given. 
Perspective of analysis: 
In reviewing COI-studies, and in particular when interpreting the results of these studies, it is 
essential to establish the perspective of the analysis. The perspective indicates from which point 
of view a COI-study is being considered and determines which costs will be examined, and thus 
which conclusions can be drawn from any particular COI-study. Ideally, the results of a COI-study are 
to be used for resource allocation on the societal level; therefore, it is preferable to perform COI-
studies from the perspective of society (5). Alternatively, various other narrower viewpoints can be 
employed: for example, that of the third-party payer, of the health care provider, or of the patient. 
COI-study type (disease-specific or general): 
COI-studies can be divided into two subtypes: disease-specific COI-studies, which include 
all relevant costs for one disease, and general COI-studies, looking at all relevant costs for all 
disease categories. This study includes both disease-specific and those general COI-studies 
which include the costs of stroke. Some authors (6) argue that it is more useful to perform 
general COI-studies, as these provide comparable estimates of different disease costs and put 
cost estimates within the total healthcare framework. The advantage of disease-specific COI-
studies, however, is that authors can focus in-depth on the particularities of a disease.
COI-study design (prevalence-based or incidence-based): 
There are several approaches to estimating the costs of an illness. The most widely employed are the 
prevalence-based method and the incidence-based method. Prevalence is the fraction (proportion) 
of the population that has the disease of interest during a certain period (7), for instance a year. The 
idea underlying the prevalence-based COI method is that costs should be assigned to the year in 
which they are borne or with which they are directly associated. In this approach, direct costs and 
productivity losses resulting from a disease are assigned to the year in which they occur.
Incidence is the fraction or proportion of a group initially free of the condition that develops a dis-
ease over a given period of time (7). The incidence COI approach is based on the principle that the 
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flow of costs associated with a disease should be assigned to the year in which that flow begins. All 
costs, both direct costs and productivity losses owing to morbidity and mortality, are discounted to 
present value and assigned to the year in which the disease first appears. 
So, in a prevalence approach to COI analysis, the costs attributable to all individuals suffering from 
the physical or mental health condition in question are accumulated over a particular year of analysis. 
In contrast, the incidence approach focuses on those people newly diagnosed with the illness during 
a specific year, and considers the present value of the expected lifetime costs of illness for those 
people alone. Consequently, whereas the prevalence approach examines the cost to society in a 
given year associated with all sufferers, the incidence approach considers the lifetime costs at an 
individual level of new cases. 
COI estimation procedure (bottom-up or top-down): 
Another consideration in a COI-study is whether the study has been performed bottom-up or top-
down. The top-down method calculates the national costs of a disease using data banks, such as the 
ones provided by the national Office of Statistics. In a bottom-up procedure a group of patients with 
a certain disease is asked what the costs of their disease are. The results of this questionnaire are 
extrapolated to a population level. Depending on the subpopulation, it is possible to extrapolate 
these figures to a representative population.
Cost included (direct and indirect costs): 
In COI-studies, a distinction is often made between direct and indirect costs (8). Direct costs can 
be defined as all the goods, services and other resources that are consumed during the provision 

Table 7.1: Main items of the checklist

Design part

Year of publication

Sponsor

Country

Year of COI

Currency used and price year

Perspective of analysis

COI study type (disease specific/general)

COI study design (incidence/prevalence)

COI estimation procedure (top-down/bottom-up)

Unit of measurement (year-, 1st-, lifetime costs)

Data source population

Population size

In- and exclusion criteria

Patient recruitment (in-, oupatient, open population)

Costs part

Costs included (direct-, indirect-, comorbidity)

Costs measurement (questionnaire, diary, etc.)

Costs valuation (market prices, tariffs)

Costs reported (total direct costs, costs per health care sector) 
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of a health intervention for a certain illness or disorder. This includes money spent on hospital and 
nursing home care, on the services of physicians and other medical professionals, drugs, appliances, 
and rehabilitation. Direct costs may include a certain allowance for the capital cost of buildings, and 
the costs of the service infrastructure. Indirect costs can be defined as production losses, and these 
are not analysed within this review.

Selection of studies
The studies in this review were selected by conducting a literature search from January 1966 to 
July 2003 with the terms “Costs of illness” and “Cerebrovascular Disorders” using Econlit, Embase, 
Eric, Medline, PsycInfo and other databases (Biosis, Cochrane, OHE-HEED, SCISEARCH). Additional 
relevant publications were found by tracking references and by checking previously published 
reviews. Editorials, letters, non-English and non-Dutch publications, studies based on modeling, and 
(systematic) reviews pertaining to previously published COI-studies were excluded from the review.
Using the previously mentioned checklist, all articles were screened for design and cost aspects. In a 
pilot phase, 6 randomly selected articles were each reviewed by 4 authors in order to test the validity 
and reliability of the checklist. Based on this review, a final checklist was made and entered into an 
Microsoft Access® database. Finally, two reviewers (SE, JS) independently assessed the quality of 
each study using the checklist. Overall agreement was high and any disagreement between the 
reviewers was resolved by consensus.
Conversion of the results of COI-studies
The COI-studies that met the same criteria of the checklist formed a subset of COI-studies with 
similar methodology (e.g. top-down versus bottom-up) and study design (incidence-based versus 
prevalence based). These subsets were compared and analyzed with respect to the healthcare costs 
of stroke. In a cross-national comparison of COI-studies, several monetary issues have to be consi-
dered, such as fluctuating exchange rates, different purchasing power of currencies and the rate of 
inflation. The Gross Domestic Product (GDP) deflator, which takes into account all price components, 
was used to convert local currencies into 2000 constant local currency (9, 10). Because of market 
imperfections in healthcare, it is not recommended to use market exchange rates when comparing 
prices in healthcare. Instead, it is advisable to use Purchasing Power Parities (PPP) to convert local 
currencies into international dollars (11). PPPs are exchange rates that measure the purchasing po-
wer of different national currencies. The PPP conversion rate eliminates the differences in price levels 
between countries, making it possible to compare prices and volume internationally. These PPP 
figures in this study are then finally expressed in different parameters, such as the proportion of the 
national expenditure on health, costs per capita, and stroke costs as a percentage of the total he-
althcare expenditure. GDP-deflators and PPPs were obtained from the World Bank (10). An overview 
of the correction factor used for each study can be obtained from the first author. 
Figures for the national expenditure on health in different countries and demographic figures at 
the time of the study were obtained from the OECD (Organization for Economic Cooperation and 
Development) health data published in 2002 (12). Another conversion factor had to be performed 
because some studies refer to regions (Massachusetts, Ontario) or countries (England, Scotland) that 
are part of a greater entity. In those cases the number of inhabitants in that part in relation to the 
total population was taken as a distribution factor.
Healthcare cost distribution
The list of cost items included in the healthcare cost estimations may vary from study to study. In the 
Microsoft Access® database all costs were first classified into 23 categories. In order to explore the 
distribution of the costs of stroke, the 23 healthcare costs categories were aggregated in the checklist 
into four main categories according to their healthcare function, i.e., costs for inpatient treatment 
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(mainly hospital costs), costs for outpatient treatment (GP, outpatient & day care hospital services, 
allied healthcare, aids and appliances, pharmaceuticals), costs for long-term care (rehabilitation 
centers, nursing homes, retirement homes, home nursing), and patient & family costs (out-of-pocket 
expenses, transfer, informal care).

Results
A total of 58 publications were available for this review. Another 29 articles were dropped from the 
analysis after reading. Despite what was suggested in the title or abstract, in most cases the paper did 
not refer to a COI-study. In other cases, no separate stroke costs, or only hospital costs were reported. 
As we focus on all stroke sub-types, two studies were excluded because they were concerned only 
with a selected subtype of stroke. Furthermore, Porsdal (13-15) published 3 separate articles based on 
the same sample of 588 patients, e.g. one article each for infarctions (315 patients), for hemorrhages 
(90 patients) and for TIAs (77 patients). Based on a weighted average (corrected for stroke type), the 
data of the three studies were combined. Two studies were published in two publications (16-19). This 
left a sample of 25 studies available for the review, referring to 29 articles (13-41).

General characteristics
The most recent study was from 2002, and the oldest study was published in 1976, using 1974 
cost data. All COI-studies were performed for developed countries: six for (part of) Sweden (SW), 
five for the Netherlands (NL) , five for (parts of) the United States of America (US), four for (parts of) 
the United Kingdom [England (EN) and Scotland (SC)], three for Denmark (DE), two for (parts of) 
Canada (CA) and one each for Australia (AU) and France (FR). The majority (52%) of the COI-studies 
mentioned the societal perspective as their viewpoint of analysis. In other instances it was most likely 
that the analysis was from the societal viewpoint (40%), but this was not mentioned explicitly. 

Methods of the COI-study
Table 7.2 presents an overview of the various methods used to calculate the costs of stroke. In 52% 
of the cases the calculations were based on a prevalence-based study, in 45% on an incidence-based 
study. Looking at the COI estimation procedures, 48% of the studies performed a top-down COI-
study; the others were performed bottom-up, and in two studies both estimation procedures were 
combined. In general, prevalence-based studies were performed top-down and incidence studies 
bottom-up. 24% of the COI (incidence-based) calculation was based on primary data. In the bottom-
up studies, patients were recruited mostly from inpatient facilities (hospitals), and followed over a 
certain time period. A sensitivity analysis was performed in almost one-third of the studies (30%). In 
addition to healthcare costs, which are under study in this study, more than half of the studies also 
looked at indirect costs (59%); one study mentioned intangible (i.e. not quantifiable in monetary 
terms) costs, and none of the studies paid explicit attention to the costs of comorbidity. Regarding 
the term of measurement, most COI-studies (52%) refer to one average year; after that the first year 
was most often chosen as the time period in which costs were calculated. 

Study population
In general (in 96% of the included studies) no age limits were applied, and the studies refer to all 
stroke subtypes. In 44% of the cases TIA was included in the definition of the study population. Nine 
studies defined stroke using the International Classification of Diseases and four used the WHO 
definition.
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Table 7.2: Main items of the selected studies

Author Year COI Country Study type* Discounting Sensitivity Unit 

Adelman 1976 USA disease specific, prevalence based, both yes no year total population

Bergman 1991 Netherlands disease specific, incidence based,  
bottom-up no no lifetime cost + first year cost

Carstairs 1974 Scotland disease specific, prevalence based, 
top-down no no year total population

Chan 1994/1995 Ontario disease specific, prevalence based, 
top-down no yes year total population

Dewey 1997 Australia disease specific, incidence based,  
bottom-up yes yes first year cost

Drummond 1984 England disease specific, prevalence based, 
top-down yes no year total population

Evers 1993 Netherlands disease specific, prevalence based, 
top-down yes yes year total population

Hartunian 1975 USA general, incidence based, top-down yes yes year total population

Health Canada 1993 Canada general, prevalence based, top-down no no year total population

Hodgson 1995 USA general, prevalence based, top-down no no year total population + year per patient

Isard 1988 Scotland disease specific, prevalence based, 
top-down yes no year total population

Kavanagh 1994/1995 United Kingdom disease specific, prevalence based,  
bottom-up yes no year per patient

Koopmanschap 1988 Netherlands general, prevalence based, top-down no no year total population

Mills 1975 Massachusetts disease specific, prevalence based, 
top-down no no year total population

Persson 1985 Lund/Orup disease specific, incidence based,  
bottom-up no no first year costs per patient + second year cost per patient

Polder (1997) 1994 Netherlands general, prevalence based, top-down no yes year total population

Polder (2002) 1999 Netherlands general, prevalence based, top-down no no year total population

Porsdal (3 studies) 1994/1995 Denmark disease specific, incidence based,  
bottom-up no yes first year costs per patient

SBU 1991 Sweden disease specific, incidence based, both yes no first year costs per patient + second year cost per patient

Taylor 1990 USA disease specific, incidence based,  
unclear yes yes lifetime cost

Terent (1983) 1980 Sweden disease specific, incidence based, 
bottom-up yes no first year costs per patient + second & third year per patient

Terent (1994) 1991 Sweden disease specific, incidence based,  
bottom-up yes no first year costs per patient + second year cost per patient

Thorngren 1986/1987 Sweden disease specific, incidence based,  
bottom-up no no first year costs per patient

Weill 1982 France disease specific, prevalence based, 
top-down yes no year total population

Zethraeus 1994 Sweden general, incidence based, bottom-up no no cost before stroke onset + first year costs per patient

* both = topdown + bottom-up 
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National stroke healthcare expenditures
Based on the methods noted above, the percentage of national healthcare expenditures, total 
expenditures, and the per capita costs per stroke were calculated for the top-down cost of illness 
studies, which calculated the average yearly costs for the total population. All but one (16, 17) of 
these studies were prevalence-based. For all studies included in Table 7.3, on the average 3% of 
healthcare costs were spent on stroke with a minimum of 1.6% for the USA in 1975 (16, 17), and a 
maximum of 6.9% for Scotland in 1974 (28, 42). In the more recent studies the variation between 
countries was much lower and the percentage spent on stroke was also lower. On the average, 
0.27% of the Gross Domestic Product was spent on stroke, which is about US $84 PPP if one looks 
at the per capita costs. 

GDP = Gross Domestic Product; * = All Percentages are calculated in PPP, baseyear 2000; † = Based 
on the transferability information in the article

Healthcare costs distribution 
Figures 7.1a and 7.1b indicate the distribution of costs for the first year (in general incidence-based 
and bottom-up) and the average annual costs for the total population (in general prevalence-based 
and top-down). In the first year after stroke, an average of 76% of stroke costs are devoted to 
inpatient treatment. For an average stroke year these costs are about 58%, reflecting a shift from 
inpatient treatment costs to outpatient treatment and long-term care costs in the following years. 
This contrast might be even greater if first months’ costs, rather than first year costs are compared 
with costs in the long run, as in most countries stroke patients stay in inpatient treatment facilities 
(i.e. hospitals) for only a short period of about ten to fifteen days (43). In four studies included, an 
attempt was made to calculate the cost of stroke for the patient and family, and these costs were 
quite low (on  average 1%) (13-15, 32-34). 

Table 7.3: National stroke health care expenditures (listed by year) based on prevalence-based 
top-down studies

Year COI Author Country/
region

% health 
care costs* % GDP* Per 

capita

1974 Carstairs Scotland 6,9 4.7† 0,36 23

1975 Hartunian USA 1,6 0,15 30

1975 Mills Massachussets 6,1 0,47 97

1976 Adelman USA 2,6 0,18 39

1982 Weill France 2,3 2.0† 0,18 206

1984 Drummond England 3,1 3.2† 0,19 14

1988 Isard Scotland 6,2 4.3† 0,37 32

1988 Koopmanschap Netherlands 3,1 2.9† 0,24 96

1993 Evers Netherlands 3,8 3.0† 0,33 143

1993 Health Canada Canada 2,0 2.0† 0,26 67

1994 Polder (1997) Netherlands 3,6 3.2† 0,30 136

1994/1995 Chan Ontario 2,0 2.7† 0,19 63

1995 Hodgson USA 2,1 2.8† 0,28 89

1999 Polder (2002) Netherlands 3,4 2.9† 0,28 144
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Figure 7.1a: Distribution of the first year costs in incidence-based bottom-up studies. The study of 
the SBU is based on both bottom-up and top-down results.

Figure 7.1b: Distribution of the total costs in prevalencebased top-down studies. The study of
Adelman is based on both bottom-up and top-down results. In the study of Isard and Forbes, care 
refers to home nursing, GP, pharmaceutical care, and outpatient hospital treatment; however, the 
care costs are the largest category.
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In order to detect whether there is a correlation between time and the distribution of costs, the 
studies presented in Figure 7.1b were grouped into three decades (till 1984, till 1994 and from 1995 
onwards). This analysis showed that in time the percentage spent on both out-and inpatient treat-
ment costs decreases from 44% on the average to 24% on the average, whilst the costs of long-term 
care increase from 13% to 49% on the average for the more recent years. Next to that only the recent 
studies pay attention to the patient and family costs, although this percentage is rather small, i.e. on 
the average 3%. Looking at the cost-items included, this is probably due to a more extensive cost-
measurement in the more recent COI-studies. The same analysis was performed to see whether the 
distribution of costs varies from country to country. In general the European countries, especially the 
Dutch and the Scottish, spend a smaller part of the total stroke costs on outpatient treatment (i.e. 
3% and 2%) as opposed to the Northern-American countries (Canada (18%) and the United States 
(38%). Remarkable is also that countries who spend a relatively large part on long-term care spend a 
relatively small part on inpatient care, such as the Netherlands and the United States. This might be 
explained by variations in the organization of care in these countries, for instance in some countries 
rehabilitation and nursing home care is part of the inpatient hospital organization, while in other 
countries these are separate facilities.

Discussion
This study systematically compared the national and per capita expenditures of the costs of stroke 
in different countries on the basis of a well-designed checklist. The review supports the findings of 
earlier reviews (2-4), i.e. that stroke poses a significant burden on society in all developed countries. 
The method of the review shows that it is feasible to compare results of similar COI-studies perfor-
med in various countries at different times after correcting for inflation and for the various currencies 
used. One of the main problems, also highlighted in the review of Payne (4), is lack of uniformity 
regarding the cost categories included and the difference in COI-methodology. Although a number 
of publications have addressed the methodology of COI-studies, there is no single way of perfor-
ming a COI-study. By using a checklist we have tried to make the COI-studies transferable, and by 
using conversion factors the results of these studies were calculated to US$ PPP in 2000. Although 
the selected COI-studies used different methodologies, the estimated expenditures for stroke are 
roughly similar. On average the amount of healthcare expenditures spent on stroke is unequivocal 
(about 3% of healthcare costs), especially in the more recent studies. Based on the general COI-stu-
dies a comparison can be made with the impact of other diagnostic categories in relation to stroke. 
The problem however is that some studies are restricted to distinctive diseases, such as circulatory 
diseases (18, 19, 41), while others only looked at a limited number of subcategories (16, 17, 27). 
The Dutch studies made a ranking of all the diagnostic groups (30, 33, 34). In the most recent Dutch 
study, stroke (with 3.2%) is ranked at the seventh place looking at the diagnostic groups by share, 
after dental diseases (4.2%), ill-defined conditions (4.8%), other mental disorders (5.0%), dementia 
(5.6%), musculoskeletal diseases (6.0%), and mental retardation (8.1%) (34).
Looking in our study at the costs per capita spent on stroke, these are more diverse. This might be 
explained by the different periods in which the different studies are performed, and the relative increase 
in expenditures on healthcare costs in several developed countries. An alternative explanation might 
be the difference in data collecting and calculating methods between the several COI studies.
The total omission of informal care costs in the majority of the COI-studies is noteworthy. In most 
cases where informal care is taken into account, only out-of-pocket expenditures are reviewed and 
not informal care time. This is particularly remarkable, as it is known from the literature (44-48) that 
stroke puts a substantial burden on the informal caregivers. Neither are the costs of comorbidity due 
to stroke taken into account. 
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However, it is known that the effects of stroke have a high somatic and psychiatric comorbidity 
inducing several costs (49-51).
Some conclusions can be made regarding the quality of the studies performed. Traditionally, COI-
studies, especially if performed top-down, are based largely on secondary data. Consequently, the 
estimation of the costs of stroke greatly depends on the assumptions made, and on the quality and 
precision of the data used. This might induce some bias, which should be checked in a sensitivity 
analysis; this has been done by less than one-third of the reviewed studies. 
This review is based on COI-studies. A number of criticisms can be made in relation to COI-studies 
(52-57). Some authors (53, 58-60) disputed the value of COI-studies overall, noting that the decision 
for allocating scarce healthcare resources should not depend on the economic burden of a certain 
disease, but on the availability of treatment options for a certain disease. A related criticism is that 
illness is neither an activity nor a consequence of a conscious decision; therefore costs do not arise 
from the illness per se but from specific decisions in health policy and clinical practice to commit 
resources to the treatment of a (60).
Meanwhile, we believe that these limitations do not invalidate the conclusion that performing a 
review of COI-studies in the field of stroke provides insight into the economic consequences of 
stroke at an international level. Finally, as is shown in this study, there are many methodological 
differences in the COI-studies performed. The checklist which was developed for this study can be 
used to examine these issues in a more systematic way. For future research it might also be relevant 
to have information not only on the international expenditures for stroke at an aggregate level, but 
also on the influence of such underlying characteristics as the healthcare system, the socio-economic 
features, and the epidemiology and risk factors for stroke in a certain country.
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8 General discussion
The overall aim of this thesis is to assess the (future) health care burden related to chronic diseases, 
and to identify incentives that can curb the expected increases in the health care burden. 
Chronic diseases have become a major public health problem as a consequence of the ongoing 
aging in the Dutch population. The drawback of this aging process is the increasing prevalence of 
chronic conditions and the concomitant rise in comorbidity, resulting in a large upward pressure on 
health services and related health care costs. In order to sustain a high quality health care system in 
the future, it becomes essential to find incentives that can curb the occurring gap between demands 
and supply of health care. Till now, health care systems have not adapted adequately to the changing 
health care demands of their populations. Mainly two solutions are proposed in health care policy 
to bridge the occurring gap between demand and supply of health care, namely a strengthening of 
primary prevention by promoting a healthy life-style and a reorganization of health care by means of 
disease management programs. 
The research questions in this thesis were formulated as follows:
1. What is the impact of chronic diseases and comorbidity on the future health care burden?
2. What is the impact of trends in risk factors on the future burden of chronic diseases?
3.  What is the impact of organizational shifts in health care on the future health care burden 

of chronic diseases?
To answer these research questions, two main research methods were used, namely medical record 
linkage and modeling techniques. Throughout this thesis diabetes mellitus and stroke are discussed 
as illustrative examples. In this closing chapter, we will briefly summarize the main findings of this thesis 
along the lines of the three research questions. Furthermore, we will discuss some methodological 
issues and the implications of the findings for health (care) policy and future research.

8.1 Main findings
To assess the future health care burden, we need data about the multidisciplinary health care 
utilization of patients with chronic diseases. To obtain these data we used medical record linkage 
techniques. At the time of the start of this thesis, these medical record linkage techniques were 
scantly used. Therefore, we performed a pilot-study to assess the technical possibilities and the 
usefulness of medical record linkage techniques for obtaining multidisciplinary health care utilization 
data (chapter 2). The pilot-study demonstrated that about 78% of the patients who were referred to 
a specialist by the GP could be linked to the hospital registration data. We concluded that the linkage 
is a useful and valuable tool to quantify the health care utilization of the chronically ill and to compare 
the health care utilization patterns of different patient groups. Medical record linkage techniques are 
increasingly used to create large datasets for health care statistics in the Netherlands.

  |   119



120   |   Chapter 8

The impact of chronic diseases and comorbidity on the future health care burden
We assessed the impact of comorbidity on multidisciplinary health care utilization in patients with 
diabetes (chapter 3). Forty-three percent of all diabetes patients has comorbidity. We observed 
a strong positive correlation between the number of comorbidities and the use of GP care, 
ambulatory specialist care and hospital admissions in patients with diabetes. Comorbidity was 
defined as vascular-related (heart disease, stroke, nephropathy and diabetic foot) and non-vascular 
related comorbidity (depression, neurological diseases, musculoskeletakel diseases and cancer). We 
found no systematic differences between patients with either vascular comorbidity or non-vascular 
comorbidity, meaning that non-vascular comorbidity is an equally important utilization driver as 
vascular comorbidity. Preventing comorbidity in patients with diabetes could substantially reduce 
the health care utilization patterns of patients with diabetes and as a consequence the workload of 
GPs and medical specialists. 

The impact of trends in risk factors on the health care burden of chronic diseases 
We investigated the impact of trends in risk factors for stroke by using a dynamic model (chapter 4).  
The constructed dynamic stroke model showed that the number of stroke patients will rise 
continuously until the year 2020. Stroke incidence was estimated to increase from 1.8 per 1,000 
in 2000 to 2.3 per 1,000 in 2020 for men (28% increase) and from 2.5 per 1,000 to 2.8 per 1,000 
for women (12% increase). Stroke prevalence will increase from 7.7 per 1,000 in 2000 to 8.2 per 
1,000 for men (7% increase) and from 7.2 per 1,000 to 8.9 per 1,000 for women (24% increase).  
A large part of this increase is inevitable as a consequence of the aging of the Dutch population. 
For the medium term, the increase in prevalence is marginally explained by the predicted changes 
in smoking behavior and the prevalence of hypertension. A reduction of smoking and hypertension 
rates in the population will substantially reduce the prevalence of stroke in the long run. New priority 
setting regarding primary prevention of stroke is necessary to reduce the number of stroke patients 
in the long run. 

The impact of organizational shifts in health care on the health care burden of 
chronic diseases
We studied the impact of organizational shifts in health care for diabetes patients (chapter 5) and 
stroke patients (chapter 6). We focused on diabetes service characteristics which can be considered 
as main features of diabetes disease management programs, i.e. the implementation of diabetes 
consultation hours and diabetes control schemes, multidisciplinary meetings and the implementation 
of specialized diabetes nurses. Although medical care utilization of diabetes patients varied largely 
between GP practices, we could not identify any diabetes service characteristic that substantially 
influenced medical care utilization. One of the policy reasons to develop disease management 
programs, besides improving the quality of diabetes care, was to curb the increasing health care 
demands and related costs. We found no evidence that the implementation of diabetes disease 
management programs will achieve that goal. However, more comprehensive data on the diabetes 
services provided, like the performed tasks and responsibilities of the specialized nurses, are needed 
to fully understand the impact of diabetes disease management programs.

To investigate the effects of disease management programs with respect to stroke we estimated the 
future burden of stroke in terms of health care costs for both ‘current practice’ and for ‘a nationwide 
implementation of stroke services’. We extended the constructed stroke model (chapter 4) with 
cost estimates which were derived from primary research (1;2). Based on the ‘current practice 
scenario’, the direct medical costs of stroke in the Netherlands were estimated to rise with about 
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28% from €1.62 billion in 2000 till about €2.08 billion in 2020. The ‘stroke services scenario’, in which 
a nationwide implementation of stroke services was assumed, showed a substantial reduction of 
health care costs as compared with continuing current practice (€1.84 billion compared with €2.08 
billion). The estimated hospital care costs in 2020 decreased with 38% compared to the current 
practice scenario (€590 million versus €366 million), which was caused by a shorter average length 
of stay in the hospital (from 20 days till 13 days). The implementation of stroke services will cause a 
substitution of costs from hospital care and institutional care to non-institutional care. 

We compared our cost estimates from chapter 6 with a systematic review of the literature about 
stroke cost studies (chapter 7). Twenty-five studies were selected based on quality criteria. These 
studies used different methodologies, the costs estimates for stroke are approximately similar. The 
proportion of the national health care expenditures spend on stroke in the eight countries studied 
is unequivocal for the most recent studies, i.e., ≈ 3% of total health care expenditures. This finding 
was irrespective of the employed methodology (top-down versus bottom up and incidence based 
versus prevalence based). A shift was observed from the inpatient treatment cost (in the first year) 
toward outpatient treatment cost and long-term care costs (in the latter years). This shift in costs is 
consistent with our findings based on the stroke model. 
Our stroke cost estimates based on our stroke model appeared to be higher (4.3% of the total national 
health care expenditures) than stroke cost estimates found in the review. These differences in costs 
can partly be explained by the more detailed patient-based cost data in our study in comparison with 
more aggregated cost data in the review, by the introduction of more expensive medical technologies 
in the recent years like CT-scans and thrombolysis, and an increasing percentage of  stroke patients 
admitted to a hospital. Moreover, most included cost studies did not perform a sensitivity analysis 
and did not present 95%-confidence intervals. Therefore, uncertainty ranges around the presented 
point estimates are lacking, which hinder a good comparison of the different cost estimates.

8.2  Methodological issues
In this paragraph, we will discuss the strengths and weaknesses of medical record linkage (chapter 
2-4) and modeling techniques (chapter 5 and 6). 

Medical record linkage techniques
By using medical record linkage techniques we were able to create longitudinal datasets on the 
multidisciplinary health care utilization of different patient groups.
In this thesis, we provided detailed information on health care utilization of chronic diseases with 
respect to GP care and hospital care. However, no information about long-term care utilization was 
available. Future research should address the full chain of health care by additional linkages with 
other (health care) registrations, i.e. home care, rehabilitation and nursing home care. In addition, 
linkages with population registers like the Dutch Population Register data (Dutch abbreviation GBA) 
should be adopted to enrich current linkages with cause-of-death statistics (to fully understand the 
disease impact), and with additional statistics like income and household statistics (to gain more 
insight into high-risk groups) (3). 

A disadvantage of medical record linkages techniques is that some small selection bias will occur. 
Linkage probabilities between older and younger patients differ because of different rates of 
changes of address (4). Younger people move more often than older people and therefore have 
lower linkage probabilities since area postal code is one of the linking variables. Consequently, the 
hospital utilization of younger patients could be underestimated as compared to older patients. 
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Another methodological issue is the occurrence of false-positive and false-negative linkages, 
resulting respectively in an overestimation and an underestimation of health care utilization (5). This 
methodological problem will be solved when the so called Citizen Service Number (Dutch abbreviation 
BSN), which recently has been approved by the Dutch parliament (6), will be implemented. This BSN 
is a new national identification number and will replace the current social-fiscal number. The BSN 
will also be used for patient identification in the Dutch health care system. The usefulness of such 
a national health care number has already been demonstrated in the Scandinavian countries and 
specific parts of Canada, without comprising the privacy of their citizens (5;7-9). Within a couple of 
years, medical record linkages in the Netherlands will be performed with this BSN. Till then, medical 
record linkage on the basis of data of date of birth, gender and 4-digit postal code is a suitable 
solution. 

Modeling approach 
The main strength of dynamic models is that they provide an opportunity to estimate and understand 
the future dynamics in chronic disease epidemiology (10-12). The pitfall of dynamic models is that 
assumptions have to be made because of data inaccuracies which (might) affect the validity of the 
outcomes (13). To gain insight into the impact of the assumptions and the validity of the outcomes 
of such models, sensitivity analyses are performed. In sensitivity analyses the minimum and the 
maximum values of the most sensitive variables are used to test the robustness of the models and 
the assumptions made. Our stroke model appeared to be robust for most variables but appeared 
to be highly sensitive for changes in the epidemiological input data for stroke incidence and 
stroke prevalence. Currently, stroke incidence and prevalence estimated are based on multiple GP 
registrations, which however show large variations (14). Therefore, more effort is needed to gather 
valid epidemiological data. 

Our modeling approach comprised only one disease, namely stroke. However, to describe future 
health care demands of the chronically ill more is needed than a single disease approach. Changes 
in public health of a population must be considered in coherence with multiple chronic diseases to 
understand fully the impact of changes in multiple risk factors as demonstrated in the ‘competing risk’ 
theory (10). Preventing a chronic disease will (in the future) be substituted by another chronic disease. 
For instance, a prevented stroke might result in the occurrence of degenerative chronic diseases e.g. 
dementia (10). Using a more elaborated model including multiple diseases (i.e. diabetes, stroke, 
cancer, coronary heart disease) and multiple risk factors (i.e. smoking, alcohol consumption, physical 
(in)activity, fruit and vegetable consumption) will result in a clearer understanding of the competing 
risk theory and the future burden of chronic diseases. These insights will lead to more well-grounded 
decisions whether or not an intervention is (cost)effective and should be implemented.

8.3 Implications for health (care) policy and future research
Our findings reveal several implications for health (care) policy and future research.

Comorbidity
Although comorbidity is a common phenomenon in patients with chronic conditions, no systematic 
information about the prevalence of comorbidity is available, partly caused by the lack of 
standardization on how to measure comorbidity in patients with chronic diseases. Prevalence figures 
of comorbidity strongly depend on the number of chronic conditions which are taken into account, the 
study population (e.g. general population vs. hospital population), and data collection (self-reported 
vs. medical registrations). These aspects considerably affect the prevalence figures of comorbidity. 
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Valid epidemiological information about the prevalence of comorbidity is essential for planning 
and organizing the complex care for chronic patients. More efforts are needed to standardize the 
methodology on how to measure comorbidity in order to fully understand the (future) health care 
burden of chronic diseases. 
We demonstrated that comorbidity measured with a summary scale is a good predictor for the health 
care utilization pattern of chronically ill. On the other hand, several studies showed differential health 
effects of different pairs of chronic conditions (15-18). More insight is needed into the usefulness of 
different comorbidity measures (e.g. summary scale, dichotomous and disease-specific) in order to 
assess the impact of comorbidity on the future health (care) burden. 

Current disease management programs often focus on a single chronic condition. These disease-
specific care programs fail to address the broader needs of patients with comorbidity. Disease-specific 
disease management care programs need to be extended with additional care modules which must 
generic (non-disease specific) and focusing on both somatic and psychological conditions. Such a 
model will address the health care needs for the person’s entire constellation of comorbidities (19). 
The first trial with such a model of integrated generic care for a wide range of chronic conditions like 
diabetes, cardiac diseases and respiratory diseases has resulted into improved health outcomes (20). 
In addition, comorbidity should be more integrated into the health care practice. Current guidelines 
and care protocols are focusing on one single disease and are not suitable for many patients with 
comorbidity (21;22). Future research should aim at providing insight into how clinical guidelines and 
disease management programs can best respond to the problems of patients with comorbidity. 

Primary prevention
In this thesis, we demonstrated that primary prevention i.e. changing trends in risk factors will result 
in small, but important, health benefits in the medium-term. In the medium term, the health benefits 
of primary prevention will be overshadowed by the effects of the ongoing aging of the population. 
However, these results were based on the effects of primary prevention for only one disease (stroke) 
and only for two risk factors (smoking and hypertension). In reality, the health benefits of primary 
prevention will be larger and therefore are underestimated in our analyses. In the long run, primary 
prevention will result in large health gains. Large investments with a long time-horizon are needed 
in order to prevent chronic conditions by primary prevention. 

There is an ongoing debate about which primary prevention strategies are the most effective 
(23-25). More research is needed to gain insight in the costs and benefits of (primary) prevention 
interventions. Particularly long-terms effects of (primary) prevention interventions, and effects of 
(primary) prevention interventions on target groups are still gaps in knowledge (26). Also more efforts 
are needed to strengthen primary prevention within disease management programs. Patients with 
chronic conditions should routinely be screened on multiple risk factors and multiple chronic diseases 
(targeted prevention). New policy measures resulting in new (financial) incentives are needed to 
really integrate (primary) prevention in (primary) care and disease management programs. 

Organizational shifts in the health care system
We demonstrated that a nationwide implementation of stroke disease management programs, so 
called stroke services, can lead to a substantial reduction in costs for stroke. Major components of 
stroke service are a hospital unit, protocol based care, special staff training and agreements about 
transfers from the hospital to another institute to reduce hospital discharge delay (27). The effects 
of stroke services are well evaluated and have demonstrated to improve the functional status and 
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quality of life for patients (1;2;28;29). Continuing efforts are needed to implement stroke services 
throughout the Netherlands. 
Also diabetes disease management programs are currently implemented on a larger scale in the 
Netherlands (30-33). However, there is a lack of demonstrated effects of these organizational shifts on 
the health care burden of diabetes in well-designed evaluations (32). Preceding the implementation 
of diabetes disease management programs, evaluation studies need to be performed in order to 
establish its beneficial effects. 
An interesting issue is whether common elements of disease management programs can be translated 
to other chronic diseases (34). More research is needed to investigate by which ‘causal pathways’ 
effective stroke services have achieved a reduction in the health care utilization. Multiple ‘causal 
pathways’ are described in the literature, namely quality improvement, utilization management 
and productivity improvements (35;36). Quality improvement encompasses increased use of 
effective medication and improved self-care, thereby preventing complications and comorbidities. 
Utilization management in disease management programs concerns reduction in the overuse of 
health care demands of chronically ill by preventing duplicative tests, facilitating timely discharge 
from the hospital and eliminating inappropriate prescriptions. Productivity improvements could 
result from task delegation and task substitution for instance to offload work of GPs to less costly 
(specialized) practice nurses or to deliver care (i.e. education programs) by using the Internet. 
Disease management can pursue all causal pathways, but targeting pathways for different chronic 
diseases might lead to better results (35;36). Insight into the different causal pathways of the success 
of stroke disease management programs will help to determine for which patient groups disease 
management programs could be beneficial.

Disease management programs in the Netherlands still exist on a limited scale for most chronic 
diseases. Most initiatives are found for diabetes and stroke (37;38). One of the delaying factors for 
a widespread implementation of disease management programs is the multiple sources of funding 
in the Dutch health care system. This should be tackled by new legislation. Currently, the Ministry of 
Health, Welfare and Sports have proposed a Diagnosis Treatment Combination (DTC) for primary 
care as a possible solution (39). Currently, the diabetes DTC for primary care is implemented and 
evaluated in 10 frontrunner regions (30). Results of this evaluation are expected at the beginning of 
2009. When the Diabetes DTC for primary care is successful, the concept of an integrated financing 
system can probably also be implemented in other disease management programs like COPD, 
rheumatoid arthritis, and chronic heart failure.
Another delaying factor for the widespread implementation of disease management programs is a 
delay in the transfer of knowledge about effective implementation strategies between health care 
providers (40). Effective implementation strategies like the Breakthrough series (41) must spread out 
disease management programs more efficiently and faster throughout the health care system (40).

Chronic care is becoming increasingly important in the next coming decades due to the aging of 
the population. Prevention and disease management programs should receive higher priority in 
research and policy, in order to reduce the future health (care) burden of chronic diseases. 
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Summary
The overall aim of this thesis is to assess the health care burden related to chronic diseases, and to 
identify incentives that can curb the expected increase in the health care burden of chronic diseases. 
Chronic diseases have become a major public health problem as a consequence of the ongoing 
aging of the population. The drawback of this aging process is the increasing prevalence of chronic 
conditions and the concomitant rise in comorbidity, resulting in a large upward pressure on health 
care services and related health care costs. In order to sustain a high-quality health care system, 
it becomes essential to find incentives that bridge the occurring gap between demand and sup-
ply of health care. Mainly two solutions are proposed in health care policy to bridge the occurring 
gap between demand and supply of health care, namely a strengthening of primary prevention by 
promoting a healthy life-style and a reorganization of health care by means of disease management 
programs. 
This thesis focusses on two diseases i.e. diabetes and stroke: diseases with a large health (care) 
impact and front runner diseases with respect to the development and implementation of disease 
management programs. 

The overall aim can be subdivided into three research questions:
1. What is the impact of chronic diseases and comorbidity on the future health care burden?
2. What is the impact of trends in risk factors on the future burden of chronic diseases?
3.  What is the impact of organizational shifts in health care on the future health care burden 

of chronic diseases?

To assess the future health care burden, we need demographic, epidemiological and data about the 
multidisciplinary health care utilization data. To obtain multidisciplinary health care utilization data, 
we used medical record linkage techniques. These techniques are an efficient and cheap manner 
to collect multidisciplinary health care utilization data by using existing health care registrations. At 
the time of the start of this thesis medical record linkage techniques were scantly used. Therefore, 
we first performed a pilot-study (chapter 2) in which the technical (im)possibilities of medical record 
linkage techniques are explored in order to obtain multidisciplinary health care utilization data of 
patients with chronic diseases. Chapter 2 describes the principles, methodology of medical record 
linkage techniques and presents data about multidisciplinary health care utilization for four selected 
chronic diseases, namely Chronic Obstructive Pulmonary Disease (COPD), coronary heart disease, 
asthma and diabetes mellitus. We were able to link 78% of the patients referred by the GP to hos-
pital registration data. Based on our experiences in the pilot-study, recommendations were given 
to improve the future linkages with respect to this specific goal. Our pilot study revealed that medi-
cal record linkage is a valid tool to quantify multidisciplinary health care utilization of patients with 
chronic conditions. 

Chapter 3 studies the impact of comorbidity on the medical care utilization of patients with diabetes 
mellitus. By linking general practice data with hospital based registration data, data on comorbidity 
and multidisciplinary health care utilization of diabetes patients (n=7,499) were obtained. Comor-
bidity was defined as vascular-related (heart disease, stroke, nephropathy and diabetic foot) and 
non-vascular related comorbidity (depression, neurological diseases, musculoskeletakel diseases 
and cancer). About 43% of the patients with diabetes had contacted their GP for coexisting comor-
bidities. More than half of the health care utilization was related to comorbidity. No differences were 
found between patients with vascular comorbidity or non-vascular related comorbidity, meaning 
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that non-vascular related comorbidity is an equally important utilization driver as vascular related 
comorbidity. Based on these results, we conclude that current single disease approach of disease 
management programs should be extended with additional care modules, which must be generic 
and include multiple chronic diseases in order to meet the complex health care demands of patients 
with diabetes in the future.

Chapter 4 investigates the impact of organizational shifts in health care on the health care burden of 
diabetes mellitus. The aim was to identify organizational aspects with respect to diabetes care which 
strongly reduce the medical care utilization of diabetes patients. We focussed on organizational 
aspects of GP practices which can be seen as important building blocks for disease management 
programs, like the presence of a specialized nurse, the implementation of diabetes control schemes, 
the implementation of diabetes consultation hours and the participation of the GPs in multidisci-
plinary meetings with other health care providers. None of these diabetes services characteristics 
influenced the medical care utilization of diabetes patients, with the exception of the presence of a 
specialized nurse. The presence of a specialized nurse led to less pharmaceuticals prescribed. 
One of the policy reasons to develop disease management programs, besides improving the quality 
and the continuity of diabetes care, was to curb the increasing demands of health care. Based on our 
results, we found no evidence that the implementation of diabetes disease management programs 
will achieve that goal. However, more comprehensive data on the diabetes services provided, like 
the performed tasks and responsibilities of the specialised nurses, are needed to fully understand 
the impact of disease management programs on the use of health care services related to diabetes 
mellitus. 

Chapter 5 presents a dynamic multi-state lifetable which is equipped to estimate the future number 
of stroke incidence, prevalence and mortality in the Dutch population for the time period 2000-2020. 
The stroke model calculates the yearly number of new stroke patients by age and gender by using 
incidence rates, specified by age and gender, and presence of major risk factors (hypertension and 
smoking). The dynamic multi-state lifetable showed that the stroke prevalence will rise continuously 
in the time-period 2000-2020 ( 24% per 1,000 for women and 7% per 1,000 for men). The increase 
in incidence was higher for men (28% per 1,000) than for women (12% per 1,000). A large part of this 
increase is a consequence of the aging process of the Dutch population. For the medium term, the 
increase in prevalence is marginally explained by expected changes in hypertension prevalence and 
changes in smoking behaviour. A reduction of the prevalence of these risk factors in the population 
will substantially reduce the prevalence of stroke in the long run. 

Based on the epidemiological outcomes of the dynamic multi-state lifetable, we estimated the fu-
ture burden of stroke in the Netherlands in terms of health care costs (chapter 6). The total health 
care costs are calculated by multiplying the average health care costs per patient specified by age, 
gender, and health care sector with the total number of stroke patients specified by age and gender. 
We focussed on the economic consequences of a nationwide implementation of stroke services on 
total stroke costs. Special attention was given to the substitution of costs between institutional care 
and non-institutional care. The total health care costs in the Netherlands for stroke amounted €1.62 
billion (2000). This amount is approximately 4.3% of the total national health care budget. Projec-
tions of the total health care costs of stroke based on current practice, taking into account the effects 
of demographic changes and trends in risk factors, result in an increase of 28% (€2.08 billion) in the 
time-period 2000-2020. A nationwide implementation of stroke services in 2020 will result in a sub-
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stantial reduction of the costs of stroke (€1.81 billion: 13 percent cost reduction). compared with the 
‘regular care’ scenario. We conclude that a broad-scale implementation of stroke services is a strong 
policy tool for cost containment of stroke care. 

Chapter 7 aims to systematically compare how the costs of stroke in different countries are affected 
by cross-national differences. We conducted a literature search from Januari 1966 to July 2003.  
By developing a quality checklist, all studies and articles were screened for design and costs aspects. 
We compared the national and per capita expenditures of the costs of stroke. After assessing the 
quality of the studies on the basis of the well-designed checklist, we have selected 25 studies for the 
analysis. Although the selected costs of illness studies used different methodologies (e.g. incidence-
based vs. prevalence-based, top-down vs. bottom-up, etc), the estimated expenditures for stroke 
are approximately similar. The proportion of national care expenditures in the studies is unequivocal 
for the more recent studies, i.e. about 3.3% of the total health care expenditures. Our stroke cost 
estimates based on our stroke model appeared to be higher (4.3% of the total national health care 
expenditures) than stroke cost estimates found in the literature.

These differences in costs can partly be explained by the more detailed patient-based cost data in 
our study in comparison with more aggregated cost data in the review, by the introduction of more 
expensive medical technologies in the recent years like CT-scans and thrombolysis, and an increasing 
percentage of  stroke patients admitted to a hospital. Moreover, most included cost studies did not 
perform a sensitivity analysis and did not present 95%-confidence intervals. Therefore, the uncertainty 
ranges around the presented point esimates are lacking, which hinder a good comparison between 
the different cost estimates. 

In chapter 8, we first summarized the most important findings of our research. Subsequently, some 
methodological issues were addressed, i.e. medical record linkage and modeling approaches. Fur-
thermore, recommendations for health (care) policy and future research were discussed. Prevention 
and disease management programs should receive higher priority in research and policy, in order to 
reduce the future health (care) burden of chronic diseases. 
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Samenvatting
Als gevolg van de vergrijzing van de bevolking zal het aantal chronisch zieken in de komende decen-
nia sterk toenemen. Hierdoor zal de vraag naar zorg voor chronische ziekten aanzienlijk stijgen. Om 
in de toekomst een kwalitatief goed gezondheidszorgsysteem te kunnen waarborgen, wordt in het 
huidige beleid hoge prioriteit toegekend aan (primaire) preventie van chronische ziekten (door het 
promoten van een gezonde levensstijl) en de invoering van multidisciplinaire ketenzorg voor chro-
nisch zieken om de zorg beter af te stemmen op de behoefte van chronisch zieken. Met dit proef-
schrift trachten we inzicht te verkrijgen in de invloed van (primaire) preventie en multidisciplinaire 
ketenzorg op de toekomstige ziekte- en zorglast als gevolg van chronische aandoeningen 

Drie onderzoeksvragen staan centraal in dit proefschrift:
-  Wat is de invloed van chronische ziekten en comorbiditeit op de toekomstige zorglast van 

chronisch zieken?
-   Wat is de invloed van trends in risicofactoren op de toekomstige ziekte- en zorglast van 

chronische ziekten?
-   Wat is de invloed van organisatorische veranderingen in de gezondheidszorg op de toe-

komstige zorglast van chronisch zieken?

Deze onderzoeksvragen worden bestudeerd voor diabetes en beroerte. Beide aandoeningen wor-
den gekenmerkt door een aanzienlijke ziekte- en zorglast. Daarnaast worden deze aandoeningen 
beschouwd als ‘voorlopers’ voor wat betreft de organisatie van de zorg , gezien de (vergaande) 
ontwikkeling en implementatie van multidisciplinaire ketenzorg in vergelijking met andere chroni-
sche ziekten. Om de toekomstige zorglast van chronisch zieken te kunnen bepalen, zijn data over 
demografie, epidemiologie en multidisciplinair zorggebruik van chronisch zieken nodig. Data over 
het multidisciplinair zorggebruik van chronisch zieken zijn niet makkelijk te verkrijgen. Door gebruik 
te maken van technieken die medische gegevens(bestanden) aan elkaar koppelen, kan informatie 
over multidisciplinair zorggebruik worden verkregen. Het koppelen van medische gegevens is een 
efficiënte en goedkope methode, aangezien er gebruik wordt gemaakt van bestaande medische 
gegevens die in het primaire zorgproces zijn geregistreerd. Deze koppelingstechnieken werden ten 
tijde van de start van dit proefschrift nog maar zelden gebruikt. Om deze reden is eerst een voor-
onderzoek uitgevoerd naar de technische (on)mogelijkheden van deze koppelingstechnieken voor 
de kwantificering van het multidisciplinair zorggebruik van chronisch zieken. Hoofdstuk 2 beschrijft 
de principes en methodologie van de koppeling van gegevens van huisartsregistraties met zieken-
huisregistraties op basis van geboortedatum, geslacht en 4-cijferig postcode van de patiënt. De 
koppeling heeft betrekking op het zorggebruik van mensen met chronisch obstructieve longziekten, 
coronaire hartziekten, astma en diabetes mellitus. Van de patiënten die verwezen waren door de 
huisarts kon 78% worden gekoppeld met ziekenhuisgegevens. Voor 63% van de patiënten bleken 
de ziekenhuisgegevens gerelateerd aan de huisartsverwijzing. Voor deze mensen is het zorggebruik 
gekwantificeerd. De resultaten van het vooronderzoek lieten zien dat de methodiek van het kop-
pelen van bestaande medische registratiesystemen een bruikbare methode is voor het kwantificeren 
van multidisciplinair zorggebruik van chronisch zieken.

Hoofdstuk 3 onderzoekt de invloed van comorbiditeit bij mensen met diabetes mellitus op het 
gebruik van huisartsen- en ziekenhuiszorg. Door middel van koppeling van gegevens uit huisarts-
registraties met gegevens uit ziekenhuisregistraties is het zorggebruik van mensen met diabetes 
(n=7.499) in kaart gebracht. Drieënveertig procent van de mensen met diabetes had de huisarts 
geconsulteerd in verband met comorbiditeit. Diabetespatiënten met comorbiditeit maakten aan-
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zienlijk meer gebruik van zowel huisartsen- als ziekenhuiszorg in vergelijking met diabetespatiënten 
zonder comorbiditeit. De toename in het zorggebruik als gevolg van niet-vasculair gerelateerde co-
morbiteiten (zoals klachten aan het bewegingsapparaat, kanker) was net zo groot is als de toename 
als gevolg van vasculair-gerelateerde comorbiditeiten (zoals hart- en vaatziekten en retinopathie). 
Geconcludeerd werd dat diabetes ketenzorgprojecten hierop moeten anticiperen en extra zorgmo-
dules dienen aan te bieden, waarin ook niet-vasculaire chronische aandoeningen aan bod komen. 
Met dit ‘generieke’ zorgaanbod kunnen diabetesketenzorg projecten beter tegemoet gekomen aan 
de complexe zorgvraag van diabetespatiënten.

In hoofdstuk 4 wordt het effect van organisatorische veranderingen in de huisartspraktijk als gevolg 
van de invoering van diabetes ketenzorg op het zorggebruik van diabetespatiënten onderzocht. 
Een belangrijke doelstelling van ketenzorg is dat naast een verbetering van de kwaliteit en de con-
tinuïteit van de zorg, ook het zorggebruik van chronisch zieken afneemt. De onderzochte organi-
satorische variabelen, die gezien worden als belangrijke aspecten van diabetes ketenzorg, waren 
1) de aanwezigheid van een gespecialiseerd verpleegkundige, 2) de implementatie van reguliere 
diabetescontroles, 3) de implementatie van diabetesspreekuren en 4) de participatie van huisartsen 
in multidisciplinair overleg. De aanwezigheid van een gespecialiseerde verpleegkundige leidde tot 
een vermindering van het aantal medicijnvoorschriften. Voor de andere drie variabelen zijn geen 
effecten gevonden. Om nadere uitspraken te kunnen doen over de impact van diabetes ketenzorg 
op het zorggebruik, dienen meer en gedetailleerdere gegevens over patiëntgegevens en taken en 
verantwoordelijkheden van de diabetes verpleegkunidge in beschouwing te worden genomen.

In hoofdstuk 5 worden de toekomstige incidentie, prevalentie en mortaliteit van beroerte voor de 
Nederlandse populatie voor de tijdsperiode 2000-2020 geschat met behulp van het RIVM Chro-
nisch Zieken model. Dit model berekent het aantal jaarlijkse geslachts- en leeftijdsspecifieke beroer-
tepatiënten op basis van leeftijd- en geslachtsspecifieke incidentiecijfers en risicofactoren (roken 
en hypertensie). Het model liet zien dat de prevalentie van beroerte geleidelijk zal toenemen in de 
periode 2000-2020 (24% per 1.000 voor vrouwen en 7% per 1.000 voor mannen). De toename in 
incidentie is groter voor mannen (28% per 1.000) dan voor vrouwen (12% per 1.000). Een groot deel 
van deze toename is een gevolg van de vergrijzing. De verwachte veranderingen in de prevalentie 
van hypertensie en rookgedrag hebben op middellange termijn weinig effect op het aantal beroer-
tepatiënten, maar zullen op de lange termijn wel leiden tot een aanzienlijke reductie in het aantal 
beroertepatiënten.

Op basis van de incidentie- en prevalentieberekeningen van het model zijn de toekomstige kosten 
van de zorg voor beroertepatiënten geschat (hoofdstuk 6). Onderzocht werden de gevolgen van 
een landelijke implementatie van ketenzorg voor beroertepatiënten, zogenaamde ‘stroke services’. 
Hierbij was speciale aandacht voor de mogelijke kostenverschuivingen tussen zorgsectoren. Om 
deze onderzoeksvraag te kunnen beantwoorden zijn twee scenario’s doorgerekend. Ten eerste een 
scenario waarin de zorgkosten van beroerte zijn berekend op basis van de nu geleverde reguliere 
zorg (het reguliere zorg scenario), en ten tweede een scenario waarin de zorgkosten zijn berekend 
na een landelijke invoering van ketenzorg bij mensen met een beroerte (stroke services scenario). 
De totale zorgkosten van beroerte worden geschat op €1,62 miljard voor het jaar 2000. Dit komt 
overeen met ongeveer 4,3% van de totale zorgkosten in Nederland. Op basis van het reguliere zorg 
scenario bedragen de totale zorgkosten in 2020 €2.08 miljard (28% toename ten opzichte van 2000). 
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De totale zorgkosten worden op basis van het stroke services scenario geschat op €1.81 miljard 
(13% afname ten opzichte van het reguliere zorg scenario). Geconcludeerd werd dat een landelijke 
implementatie van stroke services een belangrijk beleidsinstrument is voor het beheersen van de 
zorgkosten van beroertepatiënten. 

In hoofdstuk 7 wordt een literatuuronderzoek uitgevoerd waarin de kosten van beroerte in ver-
schillende landen worden vergeleken. Alle geïncludeerde studies werden beoordeeld waarbij zo-
wel de kwaliteit als de methodologische aspecten van de verschillende studies in beschouwing 
werden genomen. Zowel de totale zorgkosten als de zorgkosten per hoofd van de bevolking zijn 
vergeleken. Vijfentwintig studies zijn geïncludeerd, die alle in Westerse landen waren uitgevoerd. 
Alhoewel de studies verschillende methodieken hanteerden (bijvoorbeeld incidentie versus preva-
lentie, top-down versus bottom-up, enzovoorts), kwamen de geschatte zorgkosten met name sterk 
overeen voor de meer recentere studies. Ongeveer 3 tot 3,5% van de totale zorgkosten kon worden 
toegewezen aan beroerte. Onze kostenschattingen kwamen echter hoger uit, namelijk op 4,3% van 
de totale zorgkosten. De verschillen in de kostenschattingen kunnen gedeeltelijk verklaard worden 
door het gebruik van meer gedetailleerde, patiëntgebonden kostengegevens in onze studie, de 
introductie van nieuwe kostbare medische technologieën, zoals CT-scans, trombolyse en het toene-
mende percentage van patiënten dat wordt opgenomen in een ziekenhuis. Het vergelijken van de 
verschillende kostenschattingen wordt bemoeilijkt door het ontbreken van een sensitiviteitsanalyses 
en 95% betrouwbaarheidsintervallen in de meeste studies. 

In hoofdstuk 8 zijn de belangrijkste bevindingen samengevat en worden enkele methodologische 
aspecten besproken. Daarnaast worden aanbevelingen voor beleid en toekomstig onderzoek gege-
ven. Preventie en ketenzorg dienen in beleid en onderzoek meer aandacht te krijgen met het oog 
op de toekomstige toename van de ziekte- en zorglast van chronische aandoeningen.  
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Dankwoord
Nu het moment is aangebroken om een dankwoord te schrijven, laat ik de afgelopen jaren nog eens 
de revue passeren. Er zijn mij vele waardevolle momenten en herinneringen bijgebleven, waaronder 
de dag dat ik binnenstapte bij het RIVM, de plezierige samenwerking met mijn collega’s, de mooie 
gemaakte reizen, het huwelijk met Natalie in Zwitserland, de geboorte van ons zoontje Viggo en op 
dit moment het afronden van mijn proefschrift. 
Op één van de reizen heb ik samen met Natalie en twee Chileense berggidsen de Villaricca vulkaan 
(Chili, september 2005) beklommen. De beklimming, waaronder het afzien, het doorzettingsvermo-
gen, het (moeten) vertrouwen op de berggidsen en het uiteindelijk bereiken van de top, zijn mij erg 
bijgebleven. Hieraan terugdenkend zijn er veel parallellen met mijn promotietraject. Elementen als 
het ‘afzien’, het tonen van doorzettingsvermogen en het vertrouwen op jezelf en anderen spelen 
ook hier een relevante rol. Analoog aan de beklimming van de Villaricca vulkaan, realiseer ik me dat 
ik mijn proefschrift niet had kunnen afronden zonder de hulp van anderen. Daarom wil ik op deze 
plek een aantal mensen bedanken, die direct of indirect hebben bijgedragen aan de totstandkoming 
van mijn proefschrift. 

Allereerst wil ik mijn promotor prof.dr. G.A.M. van den Bos en copromotor dr. C.A. Baan bedanken. 
Beste Trudi, ik wil je bedanken voor de manier waarop jij mij begeleid hebt in de afgelopen jaren. 
Ik heb onze samenwerking, die verder ging dan alleen dit proefschrift, als zeer prettig ervaren.  
De gesprekken die wij hadden waren altijd zeer stimulerend en leerzaam. Op minutieuze wijze 
heb je keer op keer mijn conceptteksten doorgenomen om daarin jouw kennis en inzichten op het  
gebied van chronische ziekten te verweven. Dit alles heeft sterk bijgedragen aan de kwaliteit van dit 
proefschrift. Dank voor het vertrouwen en de energie die je in mij gestoken hebt.
Beste Caroline, de ruimte die ik van jou heb gekregen was voor mij de ideale plek om mijzelf te 
leren kennen en te ontwikkelen als onderzoeker. Jouw begeleiding en geduld heb ik als bijzon-
der ervaren. De manier waarop jij structuur aanbracht in mijn teksten, deze verder aanscherpte,  
en vervolgens verankerde in de (inter)nationale literatuur leidden steeds weer tot een verbetering 
van de artikelen in dit proefschrift. Door jou ben ik gegroeid als onderzoeker en heb ik geleerd om 
de zaken die in mijn hoofd zitten gestructureerd op papier te krijgen. De kansen en verantwoorde-
lijkheden die jij mij hebt gegeven heb ik als zeer positief ervaren. 

Op deze plek wil ik ook het RIVM bedanken voor de mogelijkheid die mij geboden is om  
mijn proefschrift te kunnen schrijven. Ik denk hierbij aan dr.ir. H.A.. Smit (labhoofd PZO) en  
prof.dr. G.P. Westert (plv. labhoofd PZO). Beste Jet en Gert, hartelijk dank voor het scheppen van 
deze randvoorwaarden, want zonder deze randvoorwaarden was er helemaal geen proefschrift. 
Daarnaast wil ik Gert bedanken voor de kritische commentaren op mijn artikelen. Jij distilleerde de 
kernboodschap uit mijn conceptteksten en gaf deze een plaats binnen de wetenschappelijke en 
politieke arena.
 
Ook een woord van dank voor de overige coauteurs van de in dit proefschrift opgenomen  
artikelen (in alfabetische volgorde): dr. A.J.H.A. Ament, dr. S.M.A.A. Evers, ir. M.L.L. van Genugten, 
dr. J.B.F. Hutten, dr. J.C. Jager, prof.dr. F.G. Schellevis.
André Ament, dankzij jou ben ik in 1999 als stagiair bij het RIVM terechtgekomen. De verschillende 
artikelen in dit proefschrift zijn het bewijs van een langdurige en vruchtbare samenwerking. Jouw kriti-
sche commentaren op de conceptteksten leidden keer op keer tot een inhoudelijke verbeterslag. 
Silvia Evers, jouw bijdrage aan dit proefschrift is zeer groot, gezien de verschillende artikelen die uit 
onze samenwerking zijn voortgekomen. Jij hebt mij laten zien hoe een ‘systematic review’ daadwerkelijk 
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systematisch wordt uitgevoerd. De onverstoorbare manier waarop wij stapels artikelen tot in detail 
hebben doorgeworsteld en verwerkt, hebben mij gevormd.
Marianne van Genugten, ook jij hebt een zeer grote bijdrage aan dit proefschrift geleverd, alhoewel 
je de afgelopen jaren niet meer aan het RIVM verbonden was. Bedankt voor al jouw lessen over het 
RIVM Chronisch Ziekten Model en de eerste stappen in het doen van onderzoek. 
Jack Hutten, dank voor je kritische blikken en commentaren tijdens de pilot van het koppelingspro-
ject. Dit project vormt de basis voor een groot deel van dit proefschrift. 
Hans Jager, jij was mijn stagebegeleider van het allereerste uur. Vlak voor jouw pensionering heb jij 
mij aangezet om de stap richting een promotietraject te maken. Bij deze dank hiervoor. 
Francois Schellevis, jouw vermogen om de zwakke plekken van mijn artikelen bloot te leggen heeft 
mij een enkele keer bijna tot wanhoop gedreven. Gelukkig was jij niet alleen in staat om de zwakke 
plek aan te geven, maar gaf je ook de oplossing(srichting) mee. Het uiteindelijke resultaat is er  
alleen maar beter van geworden. Dank hiervoor.

De leden van de promotiecommissie, prof.dr. R.J. de Haan, prof.dr. E. Schadé, prof.dr. F.G. Schellevis, 
prof.dr. R.P. Stolk, prof.dr. M. Vermeulen, wil ik bedanken voor het beoordelen van mijn manuscipt.

Ook wil ik een aantal collega’s bedanken die hebben bijgedragen aan mijn proefschrift (ook in alfa-
betische volgorde): dr. P.H.M. van Baal, drs. M.A.M. Jacobs-van der Bruggen en drs. L.C.M. Limburg. 
Pieter van Baal, alhoewel jij niet direct betrokken was bij mijn proefschrift waren onze discussies een 
aangename ´break´. Deze talloze conversaties over de meest uiteenlopende onderwerpen hebben 
mij geleerd dat je van veel zaken verstand hebt. Helaas behoort voetbal daar niet toe. Desondanks 
hoop ik dat we onze boeiende discussies nog lang mogen voortzetten. 
Monique Jacobs, als kamergenoot heb jij mij wellicht het meest horen zuchten van allemaal. Ik wil je 
bedanken voor het becommentariëren van mijn stukken en het meedenken over ‘van alles en nog 
wat’. Dit ‘klankborden’ op kamer G9.028 heeft mij zelden in de foute richting gedreven. 
Wien Limburg, ik wil je bedanken voor het redigeren van mijn soms manke Engels. Tevens dank voor 
het aanhoren van mijn talloze frustraties over tal van onderwerpen. 
Daarnaast wil ik mijn overige PZO-collega’s bedanken. Ik ben bij jullie vaak gevraagd, maar vaker 
ongevraagd, binnengevallen. Jullie deur stond altijd open. Boukje Baak, Carolien van den Brink, 
Mariël Droomers, Mieneke Kooistra, Mattijs Lambooij, Susan Picavet, Wanda Vos, Ardine de Wit, 
bedankt en excuses voor de ‘improductieve’ uurtjes die ik jullie heb bezorgd.

Daarnaast een woord van dank aan mijn vrienden(kring) die tot op het eind interesse hebben getoond 
in mijn proefschrift. Twee van hen wil ik apart noemen: Jan-Willem Rozendaal en Ronald Hoogenraat. 
Bedankt voor het ontwerp en de opmaak van mijn proefschrift. Het resultaat is prachtig geworden!

Ik wil hierbij ook mijn (schoon)ouders en (schoon)familie bedanken. De manier waarop jullie ons steu-
nen, doet mij en Natalie (en Viggo) veel goeds. Dank hiervoor. Voor één specifiek punt wil ik jullie bij 
uitstek bedanken. Hoewel jullie geïnteresseerd bleven en meeleefden, konden jullie het opbrengen 
om niet bij iedere gelegenheid naar mijn proefschrift te informeren en te vragen wanneer dit nou 
(eindelijk) eens af zou zijn. Inmiddels kan ik de vraag beantwoorden: ja, mijn proefschrift is af.
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Ik wil eindigen met degenen met wie eigenlijk alles begint: Natalie en sinds anderhalf jaar Viggo. 
Natalie, mijn keuze om te gaan promoveren heeft ook voor jou vele gevolgen gehad, zeker na de 
geboorte van Viggo. Nooit heb ik hierover van jou een wanklank gehoord, sterker nog jij stimu-
leerde en ondersteunde mij waar je maar kon. Je was misschien nog wel vastberadener dan ikzelf. 
Jij creëerde een stabiel thuisfront, zodat ik zonder zorgen kon werken. Ik ben er trots op dat jij mijn 
vrouw bent en hoop dat wij in de toekomst nog veel mooie dingen mogen beleven. 
Als allerlaatste Viggo, ik ben best een beetje trots dat ik dit proefschrift heb afgerond. Maar echt 
trots, dat ben ik op jou!
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