
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

The future health (care) burden of chronic diseases in the Netherlands

Struijs, J.N.

Publication date
2008

Link to publication

Citation for published version (APA):
Struijs, J. N. (2008). The future health (care) burden of chronic diseases in the Netherlands.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/the-future-health-care-burden-of-chronic-diseases-in-the-netherlands(3566c10d-563b-4dc9-86af-108485a889e3).html


Chapter 7

An International Comparison of  
Stroke Cost Studies
Stroke 2004;35:1209-1215



102   |   Chapter 7 



  |   103

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 
comparison of stroke costs. Stroke 2004;35:1209-1215

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 



  |   107

(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*

Adelman 1976 USA disease specific, prevalence based, both

Bergman 1991 Netherlands disease specific, incidence based,  
bottom-up

Carstairs 1974 Scotland disease specific, prevalence based, 
top-down

Chan 1994/1995 Ontario disease specific, prevalence based, 
top-down

Dewey 1997 Australia disease specific, incidence based,  
bottom-up

Drummond 1984 England disease specific, prevalence based, 
top-down

Evers 1993 Netherlands disease specific, prevalence based, 
top-down

Hartunian 1975 USA general, incidence based, top-down

Health Canada 1993 Canada general, prevalence based, top-down

Hodgson 1995 USA general, prevalence based, top-down

Isard 1988 Scotland disease specific, prevalence based, 
top-down

Kavanagh 1994/1995 United Kingdom disease specific, prevalence based,  
bottom-up

Koopmanschap 1988 Netherlands general, prevalence based, top-down

Mills 1975 Massachusetts disease specific, prevalence based, 
top-down

Persson 1985 Lund/Orup disease specific, incidence based,  
bottom-up

Polder (1997) 1994 Netherlands general, prevalence based, top-down

Polder (2002) 1999 Netherlands general, prevalence based, top-down

Porsdal (3 studies) 1994/1995 Denmark disease specific, incidence based,  
bottom-up

SBU 1991 Sweden disease specific, incidence based, both

Taylor 1990 USA disease specific, incidence based,  
unclear

Terent (1983) 1980 Sweden disease specific, incidence based, 
bottom-up

Terent (1994) 1991 Sweden disease specific, incidence based,  
bottom-up

Thorngren 1986/1987 Sweden disease specific, incidence based,  
bottom-up

Weill 1982 France disease specific, prevalence based, 
top-down

Zethraeus 1994 Sweden general, incidence based, bottom-up

* both = topdown + bottom-up 
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Discounting Sensitivity Unit 

yes no year total population

no no lifetime cost + first year cost

no no year total population

no yes year total population

yes yes first year cost

yes no year total population

yes yes year total population

yes yes year total population

no no year total population

no no year total population + year per patient

yes no year total population

yes no year per patient

no no year total population

no no year total population

no no first year costs per patient + second year cost per patient

no yes year total population

no no year total population

no yes first year costs per patient

yes no first year costs per patient + second year cost per patient

yes yes lifetime cost

yes no first year costs per patient + second & third year per patient

yes no first year costs per patient + second year cost per patient

no no first year costs per patient

yes no year total population

no no cost before stroke onset + first year costs per patient
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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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