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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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Figure 5.2:  Stroke incidence in 2000 and projections for 2020 in different scenarios for men, women 
and the total population, the Netherlands
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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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Figure 5.3:  Stroke prevalence in 2000 and projections for 2020 in different scenarios for men, women 
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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.



  |   81

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. 

References
(1)   Niessen LW, Barendregt JJ, Bonneux L, Koudstaal PJ. Stroke trends in an aging population. 

The Technology Assessment Methods Project Team. Stroke 1993;24(7):931-9.
(2)   Nusselder WJ. Compression or expansion of morbidity? a life-table approach [Thesis]. Erasmus 

University Rotterdam, Rotterdam, the Netherlands, 1998.
(3)   van Straten A, Reitsma JB, Limburg M, van den Bos GAM, de Haan RJ. Impact of stroke type 

on survival and functional health. Cerebrovasc Dis 2001;12(1):27-33.
(4)   Scholte op Reimer WJM. Long-term Care after Stroke. Studies on care utalisation, quality of 

care and burden of caregiving [Thesis]. University of Amsterdam, Amsterdam: PrintPartners 
Ipskamp, Amsterdam.

(5)   Kolominsky-Rabas PL, Sarti C, Heuschmann PU, Graf C, Siemonsen S, Neundoerfer B et al. 
A prospective community-based study of stroke in Germany--the Erlangen Stroke Project 
(ESPro): incidence and case fatality at 1, 3, and 12 months. Stroke 1998;29(12):2501-6.

(6)   Peltonen M, Stegmayr B, Asplund K. Time trends in long-term survival after stroke: the 
Northern Sweden Multinational Monitoring of Trends and Determinants in Cardiovascular 
Disease (MONICA) study, 1985-1994. Stroke 1998;29(7):1358-65.

(7)   Thrift AG, Dewey HM, Macdonell RA, McNeil JJ, Donnan GA. Stroke incidence on the east 
coast of Australia: the North East Melbourne Stroke Incidence Study (NEMESIS). Stroke 2000; 
31(9):2087-92.

(8)   Scholte op Reimer WJM, van Exel JNJA, van Wijngaarden JDH, Niessen LW, Koopmanschap 
MA, Klazinga NS et al. Stroke service: een verbetering van gezondheidsuitkomsten? Beroerte, 
beroering en borging in de keten. Resultaten van de Edisse-studie van drie regionale 
experimenten met stroke service. 2001: 83-100.

(9)   Scholte-op-Reimer WJ, de Haan RJ, Pijnenborg JM, Limburg M, van den Bos GA. Assessment 
of burden in partners of stroke patients with the sense of competence questionnaire. Stroke 
1998;29(2):373-379.

(10)   Greenwood R, McCarron P, Elwood P, Shlomo YB, Bayer A, Baker I et al. The incidence and 
aetiology of stroke in the Caerphilly and Speedwell Collaborative Studies I: methods and 
incidence of events. Public Health 2001;115(1):4-11.

(11)   Wolfe CD, Giroud M, Kolominsky-Rabas P, Dundas R, Lemesle M, Heuschmann P et al. 
Variations in stroke incidence and survival in 3 areas of Europe. European Registries of Stroke 
(EROS) Collaboration. Stroke 2000;31(9):2074-9.



  |   83

(12)   Wolfe CD, Tilling K, Beech R, Rudd AG. Variations in case fatality and dependency from stroke 
in western and central Europe. The European BIOMED Study of Stroke Care Group. Stroke 
1999;30(2):350-6.

(13)   Centraal Bureau voor de statistiek (CBS). www.cbs.nl/en/statLine/index.htm. Ref Type: Report
(14)   Njolstad I, Arnesen E, Lund-Larsen PG. Body height, cardiovascular risk factors, and risk of stroke 

in middle-aged men and women. A 14-year follow-up of the Finnmark Study. CIRCULATION 
1996;94(11):2877-2882.

(15)   Hart CL, Hole DJ, Smith GD. Comparison of risk factors for stroke incidence and stroke mortality 
in 20 years of follow up in men and women in the Renfrew/Paisley study. Stroke 2000;31:1893-
1896.

(16)   Iribarren C, Jacobs DR, Sadler M, Claxton AJ, Sidney S. Low total serum cholesterol and 
intracerebral hemorrhagic stroke: is the association confined to elderly men? The Kaiser 
Permanente Medical Care Program. Stroke 1996;27(11):1993-1998.

(17)   Psaty BM, Furberg CD, Kuller LH, Cushman M, Savage PJ, Levine D et al. Association between 
blood pressure level and the risk of myocardial infarction, stroke, and total mortality: the 
cardiovascular health study. Arch Intern Med 2001;161(9):1183-1192.

(18)  Shaper A. Stroke. Lancet 1992;339:750.



84   |   Chapter 5 

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

<65 years 65-74 years 75-84 years

Epidemiology
Stroke incidence (per 1,000) # 0.61 7.87 15.97
Stroke prevalence (per 1,000)# 3.13 45.06 85.11
First year case fatality rate 1 0.156 0.336 0.465
Long-term case fatality rate ss 1 0.018 0.055 0.072
Excess mortality in disease free 2 261 2,803 7,459

Hypertension
Prevalence (transition probability) <65 years 65-74 years 75-84 years
Category 1 (<120 mmHg) 3 42.6 (0.0256) 36.5 (0.028) 7.5 (0.003)
Category 2 (120-139 mmHg) 3 10.9 (0.0248) 25.1 (0.050) 21.5 (0.051)
Category 3 (140-159 mmHg) 3 10.0 (0.0539) 20.1 (0.069) 20.4 (0.045)
Category 4 (160-179 mmHg) 3 12.6 (0.2887) 13.5 (0.109) 22.8 (0.052)
Category 5 (≥180 mmHg) 3 14.9 (0.000) 34.6 (0.000) 46.9 (0.000)
RR stroke 
Category 1 (<120 mmHg) 4 1,00 1,00 1,00
Category 2 (120-139 mmHg) 4 1,34 1,33 0,69
Category 3 (140-159 mmHg) 4 2,20 1,01 1,51
Category 4 (160-179 mmHg) 4 3,44 2,52 1,98
Category 5 (≥180 mmHg) 4 3,44 2,52 1,98

Smoking <65 years 65-74 years 75-84 years
Prevalence smokers 0.313 0.311 0.276
Stop probability 5 0.028 0.048 0.047
Restart probability 6 0.061 0.018 0.000

10-14 years 15-19 years 20-24 years
Start probability 7 0.028 0.046 0.042

<24 years 25-44 years 45-64 years
RR stroke current smoker 8 1 3.96 3.04
RR stroke former smoker 9 1 1.42 1.25

Additional RR smoking and  
hypertension 10 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).

Women

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

25.71 0.48 6.27 15.63 32.73
94.76 2.51 35.16 99.74 81.84
0.617 0.156 0.336 0.465 0.617
0.073 0.018 0.055 0.072 0.073

18,727 176 1,463 4,259 14,269

>85 years <65 years 65-74 years 75-84 years >85 years
1.46 (0.000) 58.9 (0.026) 11.2 (0.031) 4.6 (0.001) 3.3 (0.000)
11.0 (0.074) 20.8 (0.034) 22.6 (0.046) 16.1 (0.055) 8.8 (0.083)
11.8 (0.016) 4.1 (0.031) 20.5 (0.099) 19.7 (0.090) 17.4 (0.48)
12.5 (0.000) 1.3 (0.202) 11.1 (0.166) 12.7 (0.145) 13.3 (0.090)
57.3 (0.000) 14.9 (0.000) 34.6 (0.000) 46.9 (0.000) 57.3 (0.000)

1,00 1,00 1,00 1,00 1,00
0,11 1,46 1,35 0,61 1,14
0,13 2,30 1,77 1,49 1,30
1,57 3,66 2,50 1,91 1,55
1,57 3,66 2,50 1,91 1,55

>85 years <65 years 65-74 years 75-84 years >85 years
0.24 0.269 0.174 0.125 0.060

0.047 0.030 0.048 0.051 0.051
0.000 0.057 0.033 0.006 0.000

25-29 years 10-14 y 15-19 years 20-24 years 25-29 years
0.006 0.037 0.039 0.016 0.000

65-79 years >80 years <24 years 25-44 years 45-64 years 65-79 years
2.17 1.55 1 1.42 3.66 2.41
1.1 1.01 1 1.59 1.36 1.15

1.3 1.3 1.3 1.3 1.3 1.3
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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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