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PREFACE
The work presented in this thesis emanated from the project 'Cardiovascular
disease in the Netherlands, an epidemiological overview'. This project was
initiated and sponsored by the Netherlands Heart Foundation. Its main goal
was to provide the Netherlands Heart Foundation with relevant epidemiological information on cardiovascular disease in the Netherlands to be used in
policymaking. The focus was primarily on information derived from the
number of hospital admissions and deaths caused by various cardiovascular
diseases. Trends over time were assessed as well as the interpretation of the
latest figures. The results were used to inform the medical profession, the
public and the media about the good and the bad news of the battle against
cardiovascular disease.
The Netherlands Heart Foundation entered into an agreement with
SIG Health Care Information (holder of the national register of hospital
admissions) and Statistics Netherlands (holder of the register of causes of
death). Aggregate data on admissions and deaths caused by cardiovascular
disease were handed over to the Netherlands Heart Foundation. The full
potential of the data could be explored in this way. From 1993 onwards, the
author of this thesis has been employed to analyse the data and to report his
findings to the Netherlands Heart Foundation. The project was carried out at
the Department of Clinical Epidemiology and Biostatistics of the Academic
Medical Center in Amsterdam (project leader prof. J.G.P. Tijssen). The
Netherlands Heart Foundation has set up an advisory committee to monitor
the progress of the project. Several experts in the field of cardiovascular
disease are members of this committee, in addition to delegates of the
participating parties (for full membership, see appendix A). One of the main
outputs of the project is an annual publication named 'Cardiovascular disease in
the Netherlands: data on morbidity and mortality'. The project continues to exist,
and has evolved and expanded in several ways since its initiation.
The central theme of this thesis - Registers in Cardiovascular Epidemiology - is
directly related to the work carried out in this project.

I N T R O D U C T I O N ,

O B J E C T I V E S

A N D

O U T L I N E

Cardiovascular diseases kill over 50,000 people each year in the Netherlands,
more than any other group of diseases. They are responsible for one fifth of all
disability adjusted life years, a measure that combines both years of life lost
and years lived in disability rather than in full health.2 In a report on the cost
of diseases in the Netherlands, cardiovascular disease accounted for about
11% of all health care costs in 1994, ranking second only after the group of
mental disorders. Cardiovascular disease constitute a major burden both from
a patient, a public health and an economic perspective.
Cardiovascular disease has not always been so dominant. At the beginning
of the 20th century, infectious and pulmonary diseases were the major causes
of death. Since then cardiovascular disease have become more prevalent and
took more and more lives. Mortality from cardiovascular disease reached its
peak in the early 1970s, and the whole Western world was concerned about
what was by then called the 'epidemic' of cardiovascular disease. Large
research projects were started to gain knowledge about the mechanisms of
cardiovascular disease and ways to reduce its impact. These efforts were
successful. Most Western countries experienced a welcome decline in
cardiovascular mortality, especially from coronary and cerebrovascular
causes.
The case of cardiovascular disease illustrates how major changes can
emerge within a relatively short period. Registers have played and will
continue to play a major role in describing the occurrence of diseases within
and across countries and to monitor changes over time. The last two decades
saw an explosion of registers in health care, many of them with an
administrative background rather than a disease-specific interest. Registers
have a natural attractiveness to epidemiologists and, consequently, they are
increasingly being used. Their use is no longer restricted to research with a
typical public health perspective, but extended to clinical research as well.
Although attractive, the use of registers poses many difficulties.
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OBJECTIVES
This thesis explores the use of registers in cardiovascular epidemiology. We
look at this central theme from two perspectives. Monitoring cardiovascular
disease in the Netherlands by means of national registers is our first
perspective. We examine trends over time for different cardiovascular diseases
based on national hospital discharge and mortality data. For this perspective,
the following objectives apply:
•

To assess the burden of cardiovascular disease in the Netherlands, as measured by
the number of hospital admissions and deaths caused by different cardiovascular
diseases

•

To describe trends over time in the number of hospital admissions and deaths due
to different cardiovascular diseases and to provide possible explanations for the
observed changes

In the second perspective, our focus is on the role of registers in
epidemiological research. We compare the data requirements of various types
of epidemiological research with the actual data characteristics of register
data, and elaborate on their interaction. The following objectives apply:
•

To examine the possibilities and limitations of register data, in particular hospital
statistics and mortality data, in describing and explaining trends in
cardiovascular disease

•

To give an overview of the potential sources of problems in epidemiological
research involving registers, and to derive general guidelines for the employment
of register data in various types of epidemiological research

•

To describe new possibilities to extend the role of registers in epidemiological
research, in particular the prospect of using register data in longitudinal analyses
by employing medical record linkage techniques

General introduction

OUTLINE
Chapter 1 provides an overview of the role of registers in epidemiological
research. It discusses the various sources of problems w h e n registers are used
to answer different types of research questions.
The next four chapters are all empirical studies in which registers have
been used to study cardiovascular disease in the Netherlands. Trends in the
number of hospital admissions and deaths caused by different cardiovascular
diseases are examined and possible explanations explored. Stroke is analysed
in chapter 2, aneurysms of the abdominal aorta in chapter 3, heart failure in
chapter 4, and the total group of cardiovascular disease in chapter 5.
Chapter 6 introduces the principles of medical record linkage and its
applications. The aim in record linkage is to connect information of the same
person recorded at two different sites or at two different times without the
help of a unique identification number. The added value of linked data
sources revealing longitudinal information is illustrated in chapter 7. A cohort
of patients with acute myocardial infarction is traced over time within and
across registers with the help of record linkage to identify readmissions and
death within this cohort.
Chapter 8, by w a y of encore, examines the current use of direct
standardisation in the medical literature. Direct standardisation, as applied in
chapters 2 through 5, is a popular way of addressing differences in confounding
factors in studies examining trends over time, such as the changing age
structure of the population.
The general discussion elaborates on the two perspectives. The changing
pattern of cardiovascular morbidity and mortality, as described in chapters 2
through 5, is annotated and emerging topics of interest are indicated. The pros
and cons of register data in studies analysing trends over time and beyond are
discussed. The outline of a current pilot study is given, in which hospital
discharge data and mortality data are linked on a national level, an illustration
of the extended use of registers in epidemiological research.
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l.l

INTRODUCTION

The number of registers in health care is growing, and they are increasingly
used in public health and clinical studies. Chapters two through five in this
thesis present examples of studies solely based on data from registers. The
numbers of cardiovascular hospital admissions and deaths derived from
national registers are analysed by age, sex and calendar time.
Two developments have contributed to the increased number and intensified use of registers. The first development is the progress in information
technology. Faster computers, the proliferation of computer networks and the
reduced costs of computers and storage media facilitate the routine collection
of data. A second trend is the requirement that decisions and actions should be
founded on factual evidence. Both are universal developments, including the
health care system as well. The demand for accountability in health care has
been responded by the evidence based medicine movement and the Cochrane
collaboration. Accountability requires data, and from a conventional point of
view, this would lead to primary data collection. Using existing data from
registers is an appealing alternative from a practical point of view, as the
savings in time and money can be huge compared to primary data collection.
The number and size of health care registers have grown considerably as a
result of these two developments. Some of the more recent registers have an
administrative background, others have been developed in a more clinical
context. Health care registers have proven to be valuable tools in the
surveillance of infectious diseases and the monitoring of some non-infectious
diseases, like cancer. ' The more recent use of administrative registers in
clinical research, however, has received mixed appraisal in the medical
literature. To quote Laine in an editorial in a volume of the Annals of
Internal Medicine that was completely devoted to this topic:
Clinicians learn from small sets of meticulously collected primary research and clinical
data, not from secondary data collected for billing and other administrative functions.
This, however, like much else in health care these days, is changing, like it or not.

We distinguish between 'register' and 'registry' conform the English literature, in
which a register is the actual listing of records and a registry the whole organisation
responsible for one or more registers.

10

Chapter 1

This chapter explores whether this complaint is justified. We examine the
potential problems associated with the use of registers in answering various
epidemiological research questions, including studies with an etiological,
clinical and public health perspective (the latter two encompassing health
services research). Our perspective is a general one, but all our examples relate
to cardiovascular disease.
In this introductory chapter, we start with some general remarks on the
history and objectives of registers in health care (section 1.2) and give a formal
characterisation of the registration process (section 1.3). We provide a
functional description of epidemiological research in section 1.4, focusing on
the timing and presence of information on outcome, determinant and study
population, components of the so-called occurrence relation. By examining
the interaction between the data requirements of different types of research
and the characteristics of data from registers (section 1.5), w e identify potential
sources of problems. Based on this knowledge, w e locate various types of
epidemiological research along a line of increasing data complexity.
Researchers will face more difficulties if registers are used in research
requiring more complex data (section 1.6). We hope that this chapter will
contribute to a better understanding of the opportunities and limitations of
registers in epidemiological research and illustrate several ways of improving
on the use of registers.
1.2

REGISTERS: HISTORY AND OBJECTIVES

Vital records are probably the oldest examples of the use of register data in
health care. ' Foremost they had, and still have, a legal function of providing
certification of birth and death. Death records have been used to monitor the
health of populations since the early 1700s. Today, they are still used to
measure the impact of diseases and injuries, both within and across countries. The first infectious disease registers were established around 1800, as
physicians were increasingly required to report patients with specified
communicable diseases (concept of 'notifiable' diseases). During the next
century the so-called epidemiological transition happened, leading to a shift in
the pattern of morbidity and mortality from infectious to non-communicable
23 24

chronic diseases. ' This shift prompted the development of monitoring
systems for these chronic diseases. The first cancer registers were established
around 1950 and many other disease- and treatment-specific registers ensued.
Up to then, the main purpose of registers had been surveillance. The primary
objective in surveillance is to monitor the incidence or prevalence of specific
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health problems in the general population and to characterise those at greatest
risk with respect to socio-demographic factors."'25
During the past two decades, two n e w trends have become visible. First, a
new type of register emerged, the so-called administrative database.1'6'7'19 Such
a register primarily collects information about certain actions within the health
care system for general administrative purposes. Hospital statistics data and
claims based registers are typical examples of administrative registers. They
usually contain information from a large range of conditions. This is in
contrast with disease-specific registers, which focus on a single disease
(intervention) or on a related group of diseases (interventions) and have a
more clinical background.
Second, the interest of measuring the nation's health beyond the output of
mortality statistics and infectious disease registers is growing. 22 Monitoring the
population's health by means of comprehensive s u m m a r y measures of health
(combining mortality and morbidity information) has been proposed, posing
new challenges to nation-wide data collection among others through registers,
health interviews and health examinations. 26
This chapter discusses the role of registers in general, despite the large
variation in original purpose, content and size of registers (table 1). The only
registers w e exclude are local registers (single physician or single institution)
or registers with a short-term perspective, because of their different logistics.
The justification for reviewing registers at large is the fact that all registers
1

9 11 27 28

nave some important points in common (table 1): ' ' '
1. records are created in response to a 'registration event'
2. the aim is to register consecutive registration events
3. for each event a comprehensive and similar set of data is recorded (fixed
format)
The first characteristic distinguishes registers from populations that arise from
specific research activities, such as health examinations and interviews. If
functional, w e will distinguish between administrative and disease-specific
registers. The way in which registries collect and record information is the
subject of our attention in the next section.
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Table 1. Some examples of administrative and disease-specific registers.
Type of registers

Registration event and other features

Hospital statistics data
National register of hospital
admissions

A single hospitalisation; registers are
either based on a stratified sample of
hospitals or have complete coverage

Insurance and billing data
Health maintenance organisations

Each billing transaction or prescription
order

Mortality data
National registers of causes of
death

The death of a person; in most countries
the register has complete national
coverage and a long history; legal
responsibility for notification

Perinatal registers
Obstetric and neonatal databases

The birth of one or more babies; records
often contain information about both
mother and offspring

Disease registers
Infectious disease
Congenital malformations
Cancer
Stroke

Being diagnosed with a particular disease;
for some infectious diseases a legal
responsibility for notification

Trauma registers

An accident severe enough to warrant
medical attention or hospitalisation

Treatment registers
Coronary artery bypass surgery
PTCA
Heart (renal) transplant
Renal replacement therapy

Undergoing a specific treatment or
operation

Registers in epidemiological research

1.3

REGISTRATION PROCESS: CASE CAPTURING AND
DATA RECORDING

Figure 1 provides a formal representation of the registration process. A
distinction is m a d e between the capturing process and the recording process.
The capturing process consists of three mechanisms that determine whether a
record will be created or not in response to a certain health event. These
mechanisms are depicted below the horizontal line that represents calendar
time. The recording process determines what information will be recorded
and how. The recording process is presented above the time-axis. We examine
the two processes distinguishing, if appropriate, between administrative and
disease-specific registers.
Capturing process
Whether a record is created, depends on three mechanisms. First, a health
event must trigger a registration event. Second, the registration event must
happen within the target population of the register. And finally, after
detection, cases must be notified to the appropriate personnel within the
registry. These three mechanisms are elaborated on below.
Registration event in relation to health event
We distinguish between registration event and health event (figure 1). A
registration event is the intended event to be captured in the register (case
definition). It has a clear link to the primary objective of the register. Examples
of registration events are the death of a person, a hospitalisation, a billing
action, and the assignment of a particular diagnosis, like cancer after
pathological confirmation (see also table 1).
The health event is the event (disease or intervention) within a patient that
triggers the registration event. The health event is frequently the actual subject
of interest in epidemiological research. The relation between registration event
and health event differs between disease-specific and administrative registers.
Disease-specific registers intend to capture one specific disease (condition,
intervention), which means that there is a close relation between the health
event and the registration event. Diseases for which registers have been set u p
have one or more of the following characteristics: they lead to health care
activities, they have a high case fatality, they generate high costs, or they
induce significant danger to the patient's family and beyond (epidemic threat).
In technical terms, diseases prevail that represent acute episodes rather than
chronic states, anatomical rather than physiological/functional diagnosis.

23
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The registration process

Record
Event information
Recording process
Additional information

Calendar time

•

t

f

Yes

Notification to the
registry personnel?
|
Capturing process

<

Yes

Registration event
within target population? *
|

No

No
-*•

Not captured in the register

Yes

Health event
^ leading to registration event?

No

/
'Underlying' health event
related to disease, intervention, death,
admission, [exposure]

Figure 1. The registration process divided into a capturing and a recording process.

Administrative registers capture particular actions in the health care system,
like admissions, billing actions or drug prescriptions. Here, the relation
between the registration event and the health event is not straightforward.
Coverage with respect to the registration event itself, however, is usually
complete.
Target population
A second mechanism that determines whether a registration event will be
recorded in a register is the fact whether the event happens within the target
population. Some registers are based on a sample of events; for instance the
hospital register in the United States is based on a large stratified sample of
hospitals. Other registers are defined to a geographical region or to persons
insured by a particular company. Knowing the size and structure of the target
population is essential to determine the appropriate denominator (population
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at risk) in incidence and prevalence measures. Using registers with complete
national coverage avoids problems of unrepresentative coverage and not
knowing the number of persons at risk.
Notification to the registry
The third mechanism that determines capturing is the notification of cases to
the registry. Disease-specific registers rely on the co-operation of individual
doctors or other health care workers for notification. Cases will not be
recorded if doctors are unaware of the existence of a register or if they are
unwilling to participate. In some instances, doctors have a legal responsibility
to notify cases, such as for some infectious diseases and death. However, this
does not guarantee full coverage. In administrative registers several actions
ensure that events are rarely missed. The quality of the information provided,
however, is of greater concern. This will be the subject of interest in the next
paragraph on the recording process.
Recording process
After discussing the three mechanisms that determine whether a record will
be created or not, we will now elaborate on the recording process itself. This
process determines which information will be recorded, how, and how well.
The recording process yields two separate data clusters. The first cluster
consists of information related to the health event that triggered the creation of
a record. The second cluster involves information that is recorded additionally. We will make a few remarks about both clusters.
Event information
A critical feature of any register is the classification and codification of the
health event. A classification is an integrated scheme of a defined n u m b e r of
mutually exclusive codes that can be assigned to each case. The purpose and
setting of a register are important factors in deciding which classification to
use. Administrative registers have to use broad classification schemes that
cover the full range of diseases and conditions, such as the International
Classification of Diseases (ICD). Disease-specific registers permit the use of
more detailed classification schemes, often specifically developed for a
particular disease. A point of general concern is the lack of opportunities to
record information on severity or stage of the primary event, especially in
broad classification schemes such as the ICD. Disease-specific classifications
offer more room to record information on severity or stage, like the TNM
classification in cancer registers.
Codification is the process of assigning the right code to an individual
case. Codification usually requires specific and ongoing education and

15
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instruction. The existence of a 'semantic gap' between the language used in the
classification system and the language being used by physicians to describe
the patient's condition can result in erroneous codes and in too many a-specific
codes or missings.
Additional
information
The amount and nature of the additional information varies widely between
registers. The following general observations can be made.
First, social-demographic information like age, gender and place of residence are present in almost any register. Information on ethnicity, education
and social economic status is recorded in only a few registers. Registers
containing full n a m e and address or a unique identification number are rare in
the Netherlands. Or if such information is present, it is inaccessible to
researchers d u e to current privacy regulations.
Second, the type of information that is additionally recorded has a direct
link to the primary objective of a register. Consequently, a limited amount of
clinical information is recorded in registers with an administrative background. An example is the limited amount of information about the existing
health status of patients.
Third, feasibility of data collection is a major issue given the ongoing
nature of registers. This limits the recording of information requiring
additional efforts to obtain. Consequently, information on events occurring
before or after the registration event are infrequently present or recorded with
lower validity. For instance, follow-up information in registers is either absent
or short-term (for instance vital status at discharge in hospital registers). The
same applies to information on past exposures. Registers often lack this
information because of the variety and complexity of measuring past
exposures. Even in disease-specific registers, like cancer registers, only crude
information on smoking and on occupational histories is recorded.
In s u m m a r y
Registers are characterised by a capturing and a recording process. The
capturing process determines which cases will be present in the register. The
recording process determines the type of information that will be recorded for
each case. Registers naturally focus on the event itself rather than on w h a t
happened before and thereafter. Disease-specific registers compared to
administrative registers perform better in the recording of clinically relevant
data. However, disease-specific registers are usually targeted at health events
with an acute episode leading to health care contact rather than at chronic
health states.

Registers in epidemiological research

1.4

17

EPIDEMIOLOGICAL RESEARCH: FUNCTIONAL CLASSIFICATION

A variety of problems can be the subject of interest in epidemiological
research. A widely used classification of epidemiological research is based on
the purpose of a study, leading to categories like etiological studies, diagnostic
studies, prognostic studies, intervention studies, quality of care research, and
surveillance. ' In general, epidemiological studies intend to count or measure
the occurrence of a health related phenomenon (the outcome) in a population
of interest, and to study the factors (the determinants) on which the occurrence
depend. This formal description of an epidemiological study, also k n o w n as
20

the occurrence relation, was given by Miettinen. A typical example of
epidemiological research would be a study investigating whether the risk of
stroke (outcome of interest) in adult patients with atrial fibrillation (population of interest) varies in relation to the size of the left atrium (determinant of
interest). The w o r d 'determinant' is used in a broad and neutral way, and
includes all possible factors, both causal and non-causal, on which the
frequency of occurrence depend.
To discuss the opportunities and limitations associated with the use of data
from registers in epidemiological research, we will divide epidemiological
research into 'single moment' and 'serial' studies. Our broad classification is
not intended to replace existing typologies, but merely serves as a starting
point to arrive at a better understanding w h y some research questions are
more difficult to address through registers than others. The critical distinction
between single moment and serial studies is found in the timing of information on the components of the occurrence relation (population of interest,
determinants and outcome). If the information on all components is present
and readily measurable at a single moment in time, w e refer to them as single
moment studies. On the other hand, if any of the information is separated in
time, w e will call them serial studies. We will elaborate on the differences
between single moment and serial studies by examining the characteristics of
some studies belonging to each of the two classes.
Single m o m e n t studies
The earmark of single moment studies is that any information on the
population a n d / o r determinant of interest is present at the moment of the
outcome measurement. There is no intention to obtain historical information
or to collect prospective follow-up information.
The first group of single moment studies are cross-sectional studies. In
cross-sectional studies, the general population or a sample thereof is examined
to establish the prevalence of a condition or to determine the distribution of a
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measurement. A graphical representation is given at the left of figure 2.
Examples include the estimation of the number of persons with diabetes type
2 in region X by asking about present medication use and the determination of
the distribution of cholesterol levels in a stratified sample of the Dutch
population aged between 18 and 60 years. The reason that these examples are
single moment studies is that all necessary information, like population
defining information (living in town X; aged between 18-60 years) and the
outcome information (diabetes y e s / n o ; level of cholesterol), is present at a
single moment in time. These studies would remain single moment studies if
the number of diabetic patients or the level of cholesterol is analysed by age,
sex and socio-economic status, as the information on these types of determinants is also present at that same moment. They are no longer single moment
studies, if information about past exposures or prospective follow-up
information would be collected.
The second group of single moment studies determines the frequency of
outcome events emerging from a dynamic population during a specified
calendar time period (right side of figure 2). Again, the critical feature is that
any additional information collected from the persons having the event is
limited to factors present at the time of the event. A typical example is a study
examining the number of cardiovascular deaths by age and sex in the
Netherlands during the last decade. The additional information necessary to
execute this study, such as age and sex, is present at the time of establishing
the cause of death. One of the reasons w h y w e can classify this type of research
as a single moment study is because of the particular nature of dynamic
populations. Examples of dynamic populations are the citizens of a specific
town or all persons insured by a particular health insurance plan. Persons can
enter or leave the dynamic population during the period under study. The fact
that dynamic populations are defined by a qualifying state (living in town X)
rather than a qualifying event (having had a myocardial infarction) means that
the population defining information is present at the moment of the outcome
event.
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Single moment studies
Calendar time

Calendar time
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T
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+

General population
(Sample of) general population

Dynamic population followed over calendar time
leading to incidence density measures

Cross-sectional studies leading
to point prevalence
Figure 2. Pictorial representation of single moment studies. Persons with I and without i
the outcome of interest; persons with + and without - the determinant of interest.

In general, the main focus of single moment studies is on measuring the
frequency of a condition or the distribution of a measurement in the general
population. Studying relationships between determinants and the outcome is
often less important, partly because the determinants in single moment studies
are limited to more or less stable factors present at the moment of outcome,
such as age, sex, marital status and socio-economic class.
Serial studies
The distinctive feature of serial studies is that the different pieces of information on the components of the occurrence relation within a person are
separated in time. The timing of the outcome information does not coincide
with the timing of the population defining event a n d / o r the timing of the
determinants of interest.
The first group of serial studies are (prospective) cohort studies. A defined
set of persons, the cohort, is followed over time on an individual basis in these
studies and the outcome is established in all members of the cohort. A pictorial
representation is given at the left of figure 3.
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Serial studies
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Figure 3. Pictorial representation of serial studies. Persons with I and without i the
outcome of interest; persons with + and without - the determinant of interest.

The reason w h y the components of the occurrence relation are separated in
time results from the definition of a cohort. A cohort is a closed set of
individuals in which membership is gained through some qualifying event
rather than a qualifying state as in dynamic populations. This qualifying event
and the moment of outcome occurrence are separated in time. An example
would be a study measuring quality of life in patients one year after their
heart transplantation. This example illustrates that the moment of the
qualifying event (heart transplantation) is separated in time from the
occurrence of the outcome (the quality of life measurement). Schematic
drawing A l in figure 3 represents such a study. The period of separation can
be very short, for example in a study determining the percentage of patients
receiving aspirin in the acute phase of their myocardial infarction. Another
example of cohort study is a clinical trial investigating whether ACE inhibition
improves survival compared to placebo in patients with mild to moderate
heart failure. Here the population qualifying event (patients with mild to
moderate heart failure) and the determinant of interest (receiving ACE
inhibitors or placebo) are separated in time from the outcome event (being
total mortality). This type is depicted as A2 in figure 3. Again, individual
follow-up is required to investigate the occurrence relation.
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The second group of serial studies are case-control like studies. Casecontrol studies start with a group of patients having the outcome of interest
(cases) and a group of persons without the condition of interest (controls).
Both groups are thoroughly questioned about past exposures of interest. A
pictorial representation of case-control studies involving twice as many
controls as cases is given at the right side of figure 3. In these studies, there is a
separation in time between the presence of the determinant (past exposure)
and the timing of the outcome of interest (having a particular condition).
Although the recording of information can be carried out at a single moment
of time, w e still refer to these studies as serial, as the occurrence relation
involves a temporal relationship within an individual.
In summary
We distinguish between single moment studies and serial studies based on the
functional difference whether the occurrence relation involves a temporal
relationship within a person. In single moment studies, the population
defining information, the information on potential determinants and the
outcome information are all present at the same moment. The absence of a
temporal direction means that single moment studies are mainly descriptive in
nature. In serial studies, there is a temporal relation between the timing of the
(cohort) qualifying event or the determinant status and the subsequent
outcome. The presence of a temporal direction in serial studies may provide
the opportunity to study the occurrence relation, under conditions, in causal
terms.
1.5

INTERACTION BETWEEN DATA REQUIREMENTS OF RESEARCH AND
CHARACTERISTICS OF REGISTER DATA

Whether a research question can successfully be addressed using data from
one or more registers depends on many factors. In this section w e will discuss
some potential areas of tension between the data requirements of research
questions and the characteristics of data from registers. In this discussion we
fall back on the concepts introduced in the previous paragraphs. We start with
our simplified division of epidemiological research into single moment and
serial studies to review in an analytic fashion the use of registers in both types
of research. A more pragmatic overview of the opportunities and limitations
of registers in various epidemiological research is given in section 1.6.
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Single m o m e n t studies
Single moment studies and registers have corresponding purposes. Single
moment studies aim to determine the distribution of health related
phenomena in a general population, whereas registers aim to record
consecutive registration events within a target population. Two potential
problems can arise w h e n using register data in single moment studies. The
first problem is the preference of registers to record specific types of health
events, the second problem relates to the sensitivity and specificity of the
registration process.
Health event preference in registers
In section 1.3 w e postulated some common characteristics of diseases that are
captured in registers. We identified the following three characteristics:
(1) diseases with major medical consequences or high public appeal;
(2) diseases with a direct link to specific activities in the health care system;
(3) diseases with an acute episode (event-like) are easier to define and to
capture than chronic states or functional diagnosis.
We will illustrate these points by looking at two examples and determine
which characteristics apply. For coronary bypass surgery all characteristics
apply. Consequently, the number of coronary bypass operations can be
studied in many countries using administrative and specific registers. Atrial
fibrillation is at the other end of the spectrum: (1) the medical consequences of
atrial fibrillation have long been underrated; (2) atrial fibrillation does not
directly lead to health care contact d u e to a lack of symptoms or a-specific
symptoms; (3) the chronic and variable course of atrial fibrillation hampers
case finding. This profile of atrial fibrillation means that specific registers for
atrial fibrillation are rare and that administrative registers are unfit to measure
the frequency of atrial fibrillation.
Sensitivity and specificity of the registration process
The sensitivity and specificity of the registration process come into play once a
potential register is available to study the condition of interest. Sensitivity is
the ability of the register to capture and correctly classify all cases of interest
from the researcher's point of view, whereas specificity refers to the capability
of avoiding non-cases to be counted. Sensitivity is a major issue in studies
aiming to determine the frequency of conditions, as in single moment studies.
Cases can be missed during the capturing process or the recording process, as
illustrated in figure 4.
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Interaction between single moment studies and register data
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Figure 4. Capturing and recording of cases in single moment studies.

Case 2 in figure 4 represents a case being missed through failure of one of
the three mechanisms of the capturing process (see section 1.3). The main
source of missed cases in disease-specific registers is related to the quality of
the notification step. In contrast, the relation between health event and
registration event is the main problem in administrative registers, as
notification is usually complete with respect to the registration event. The
relationship between health event and registration event in administrative
registers can be complex. Studying heart failure using hospital discharge data
is an illustrative example (see also chapter 4 of this thesis). First, hospital data
are insufficient to determine either the incidence or prevalence of heart failure
in the Netherlands, as many heart failure patients are managed outside the
hospital. Trends in discharges for heart failure can still provide useful
information, if the sensitivity is more or less stable during the study period.

24

Chapter 1

In the case of heart failure a change in admission policy, however, could
seriously affect the interpretation of time trends in heart failure admissions.
The recording process can also be responsible for 'lost' cases. Captured
cases that receive a wrong code (false-negative codings) will not be counted.
Case 4 in figure 4 exemplifies such a case. Incorrect coding has received much
attention in the medical literature with most examples coming from the
codification of causes of death.
The opposite problem also occurs; erroneously counting unrelated cases
which is illustrated by case 3 in figure 4. There are two reasons for this lack of
specificity: errors during codification (false-positive codings) or ambiguity of
the classification scheme itself. This can lead to specific health events being
recorded under several distinct codes or to health events being concealed
within a larger group of related diseases, all having the same code.
Serial studies
Many of the problems mentioned under single moments studies are equally
present in serial studies. In addition, there is the complexity of information
that is separated in time. We discuss three areas of problems: health event
preference of registers, the bringing together of information separated in time,
and the nature of the occurrence relation: descriptive or causal.
Health event preference of registers
The preference of registers to capture event-like phenomena means that some
populations and outcomes of interest are less likely to be recorded in registers.
Similar observations that have been m a d e under single moment studies apply
here. Populations of interest are limited to those that can be defined through
registers. Prime candidates, therefore, are diseases for which a specific register
has been set u p , diseases or procedures with high hospitalisation rates and
patients receiving medications. Capturing all cases is not a prerequisite. In
studying patients with acute myocardial infarction it is not necessary to
examine all patients. Information on stage and severity is more significant,
either to make meaningful prognostic subgroups (descriptive relations) or to
achieve control of confounding in comparative studies. This subject is
discussed in section 1.6.
Pieces of information separated in time
Serial studies mean pieces of information that are separated in time. Historical
a n d / o r prospective information has to be available to carry out serial studies.
In essence, four different situations can occur, which are depicted as I to IV in
figure 5. We briefly discuss these four situations.
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In situation I the information that defines the population of interest and the
outcome information is recorded within the same record. This means that
follow-up information is recorded in addition to the information on the event
that defined the population of interest. A textbook example of situation I is the
recording of the vital status at discharge for each hospitalisation.
Situation II resembles the case-control design situation. Historical information on the determinants of interest is recorded in addition to the outcome
event. This provides the opportunity to study a temporal relationship between
past exposures and subsequent risk of developing a particular disease. For
instance, the prevalence of diabetes type 2 among patients with acute
myocardial infarction is compared to the prevalence of diabetes among an agematched control group.

Interaction between serial studies and register data
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Figure 5. Information from multiple time points in serial studies that must be connected.
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In situation III the information about the population defining event and the
outcome information is present in the same register, but in different records.
Bringing this information together is simple if a personal identification
number is present and correctly applied. Record linkage techniques can
provide a solution in the absence of an identification number. An illustration
of situation III can be found in chapter 7 of thesis. Patients w h o were
hospitalised for acute myocardial infarction and discharged alive constitute
the population of interest in that chapter. We examined the number and
causes of cardiovascular readmissions (outcome event) within this cohort.
Although the information on the population defining event (discharged alive
after acute myocardial infarction) and the outcome events (cardiovascular
readmissions) were present within a single register, the national register of
hospital admissions, w e had to use probabilistic linkage techniques to
recognise readmissions d u e to the absence of a unique personal identifier.
The difference between situation III and IV is the fact that the population
defining information and the outcome information are recorded in two
distinct registers. In these situations, a unique and shared identification
number is even more exceptional. Therefore, record linkage will often be
necessary. A noticeable exception are Scandinavian countries, their registers
contain a national health care information number. 45 ' 46
Descriptive or causal relation
Serial studies may provide the opportunity to study the occurrence relation in
causal terms. In causal studies there is a strong need to prevent or to control
for the effects of differences in prognostic factors (control of confounding).
There are two general, non-exclusive approaches to achieve this goal, either
through study design (in particular through random assignment) or through
some adjustment procedure in the analysis, like stratification or some
multivariate modelling technique. Using observational data, like registers, in
causal or comparative studies requires detailed information on stage and
severity of the health event and on the presence of co-morbidity to achieve
adequate control of confounding.
In s u m m a r y
The potential problems associated with the use of registers are bigger in serial
studies than in single moment studies. All in all, w e can identify at least four
sources of problems associated with the use of registers. First, the preference of
registers to record event-like phenomena, thereby limiting the number and
type of outcomes and populations that can be studied. Second, the lack of
sensitivity or specificity of the registration process, leading to missed cases
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and false-positive cases. Third, the difficulty of obtaining historical or
prospective information in order to study temporal relations. And finally, the
lack of detailed and accurate clinical information to make meaningful
subgroups in descriptive studies or to adjust for differences in case mix in
comparative studies. In the next section, w e will examine the extent to which
these problems affect a variety of practical study situations.
1.6

OPPORTUNITIES AND LIMITATIONS OF REGISTERS IN
EPIDEMIOLOGICAL RESEARCH: A PRACTICAL GUIDELINE

In this final section we will provide a pragmatic perspective on the role of
registers in epidemiological research using the concepts presented in the
previous sections. Some of the advantages and disadvantages of using register
data in different categories of epidemiological studies will be given. We will
review the following categories of studies:
• population health studies
• descriptive quality of care studies
• prognostic studies
• etiological studies
• comparative quality of care studies
• efficacy studies
We will place these study categories on an axis of increasing data complexity
and, therefore, increasing difficulty to address them with registers (figure 6).
In addition, we will briefly discuss the potential role of registers in studies
with primary data collection.
Population health studies
Population health studies describe the health of a general population by
measuring the frequency or distribution of diseases and risk factors. Chapters
two through five of this thesis belong to this category. In these chapters the
number of deaths and hospital admissions caused by different cardiovascular
conditions are analysed by age, sex, and calendar year. Additional examples
can be found in the reports on the health status and forecasts of the Dutch
population. '
The majority of the population health studies can be classified as single
moment studies, as the frequency of occurrence in itself is the main object of
interest in public health studies. Registers can provide valuable information
for single moment studies, if the condition of interest is likely to be captured in
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a register (see also section 1.5). In addition, the structure and size of the
population should be known in order to interpret the numbers correctly
(appropriate denominator). Given the natural link between registers and
single m o m e n t studies it comes as no surprise that registers have a long
tradition in studies describing population health, starting with tabulations of
causes of death and the surveillance of infectious diseases. 4 ' 52
The use of registers is, however, limited to 'catchable' events, excluding
phenomena like lifestyles, risk factors and functional health states. The
growing interest in composite descriptive measures, like DALY's, requires
information not present in today's registers. 26 Other approaches, like health
interviews and health examinations, are needed to study health phenomena
that do not have an acute episode or d o not lead to health care contact. Both
health interviews and health examinations can, however, suffer from selective
participation.
Descriptive quality of care studies
Quality of care research addresses two questions. 53 First, are w e doing the right
things to the right patient (appropriateness), and secondly, do we perform
well in providing the appropriate care (skill). Examples of descriptive quality
of care studies are studies determining the percentage of patients with acute
myocardial infarction that receive aspirin 54 or the percentage of CT-scanned
patients in stroke. Other types of quality of care studies describe the variation
in health care use or practice between individual physicians, institutions or
countries. Examples include the comparison of the number of hysterectomies
or bypass operations per 100,000 between countries. Descriptive figures are
particular valuable if a normative figure is present or if a striking variation is
found, unlikely to be explained by differences in population characteristics.
The importance of differences in case mix is discussed in more detail under
comparative quality of care studies.
The majority of the quality of care studies are serial studies, as typically a
clinical population of interest is defined in which the outcome is measured.
Administrative registers can provide valuable descriptive measures as they
contain large numbers of unselected cases, reflecting day-to-day practice.
The main drawback of (administrative) registers in quality of care studies is
the limited number of relevant outcomes that are recorded in these registers.
The presence of information on vital status at discharge, on the number of
procedures performed, and sometimes on subscribed medicines means that
these outcomes are most frequently used.
Extending the role of registers in
quality of care studies requires additional recording of data on the process of
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care, which is complex, and the recording of other follow-up information
besides mortality. One limitation which could be solved relatively simple is
the inability to distinguish between co-existing conditions present at
admission from complications occurring during hospital stay. If a patient is
coded at discharge as having an acute myocardial infarction, it is impossible to
determine whether this happened some time before the admission or during
the stay in hospital. This difference is vital in quality of care studies.
Prognostic studies
Prognostic studies aim to describe the course of a disease in relation to
prognostic factors. An example would be a study describing 30-day mortality
in patients with acute myocardial infarction in relation to age, sex, size of the
infarction, presence of diabetes, etc. Results from prognostic studies are used
to predict the future course in new patients.
Prognostic studies typically have a cohort design. They start with a group
of persons with a defined disease, following these patients forward in time
and measuring clinical outcomes. Prognostic studies in our classification are
serial studies because of the time difference between the onset of the disease
and the subsequent outcome. Registers provide a fitting starting point to make
valuable risk predictions, as they contain information on a large number of
consecutive cases.
The use of registers in prognostic studies is, however, hampered by two
problems. The first problem is related to the recording of outcome information. Establishing complete follow-up information is laboursome and, hence,
difficult to achieve from an organisational and financial point of view.
Outcome information in registers is therefore often limited to short-term
consequences a n d / o r mortality. An example is the recording of vital status at
discharge in hospital registers. For many diseases, the interest would be in
longer periods of follow-up and in outcomes other than death. So, prognostic
studies using registers have been carried out in stroke patients to analyse
mortality, but in order to study quality of life after stroke, primary data
collection was needed. A longer period of follow-up can be created by linking
records from administrative or disease-specific registers with mortality data.
The second problem that can be encountered is the limited amount of clinical
information recorded in registers. This reduces the possibilities to study the
impact of various prognostic factors.
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As we move along the line, there is a growing complexity of data requirements and subsequently more
problems when registers are used as sole providers of information. Data requirements and complexity increase:
• if pieces of information are separated in time
• if longer periods of follow-up are needed
• if the population of interest, the determinants and the outcome or not based on event-like concepts
• if the importance of control of confounding grows (etiological or comparative studies)

Figure 6. Types of epidemiological studies placed along a line of increasing data
complexity.

Etiological studies
Etiological studies examine the relationship between the exposure to putative
risk factor(s) and the subsequent incidence of disease. Exposure can take place
at a single point of time or, more often, takes place over a period of time,
although some risk factors are inherited. Most etiological studies are serial
studies requiring detailed information on past exposures and subsequent
outcome within an individual. Furthermore, the relationship is studied in
causal terms and adequate control of confounding is paramount. The casecontrol design is often used for efficiency reasons, as many diseases have long
latency periods between exposure and first manifestations.
The role of registers in etiological studies is limited. Registers have been
used in case-control like studies, in which registers supply the cases and
controls. This requires that registers record information on past exposures as
additional information. Measuring exposure is difficult, in particular
cumulative measures, and therefore hardly recorded in registers. A notable
exception is the use of registers in studying side-effects, mainly because
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accurate listings of subscribed medicines exist. Pharmaco-epidemiologists now
extensively use administrative registers to investigate patterns of d r u g related
side-effects.
Health interviews and health examinations lead to large cohorts in which
the distribution of one or more risk factors is known. These cohorts could be
used to study subsequent outcomes. " Obtaining long-term follow-up on a
large number of persons is a practical difficulty. One promising way to
achieve this goal is linking these data sources with mortality or discharge
data. Ecological studies have been used as an alternative to circumvent the
fact that individual follow-up cannot be established. " Comparing national
cholesterol levels with cardiovascular mortality across countries is a typical
example of such a study. However, many analytical problems exist w h e n
either the exposure or the outcome or both are not measured at an individual
level.
Comparative quality of care studies
Comparative quality of care studies compare or even rank hospitals or
12 64

individual physicians with respect to certain outcomes. ' An illustrative
example is the study examining in-hospital mortality rates after carotic
surgery among hospitals in the United States.' The results of these studies are
interpreted in a comparative way: how much of the observed variation is
'explained' by differences in patient populations (case mix) and how much by
differences in hospitals, whatever these factors may be. The crude comparison
of in-hospital mortality may be confounded through differences in case mix
among hospitals. Some hospitals may operate upon older and sicker patients
than others.
Administrative registers have regularly been used in comparative quality
of care studies. The main advantage of using register data is the presence of a
large number of cases reflecting daily practice. The use of registers remains
controversial because of three reasons. First, out of necessity, outcomes can
only be measured in terms of event-like concepts that are recorded in registers.
Therefore, (in-hospital) mortality is the main outcome in present studies,
despite inherent limitations d u e to the varying length of stay and short
duration of follow-up. " ' Second, measures of quality of care are hardly
recorded, making differences in outcome between institutions or physicians
hard to interpret. This is one of the reasons w h y surgical procedures are so
often studied. Third, because results are interpreted in a comparative way,
differences in case mix between institutions and physicians must be recorded
in sufficient detail to adjust for differences in prognostic factors (case mix).
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Several scales and indexes have been developed to measure co-morbidity.
Because of the lack of information on co-morbidity in administrative registers,
researchers have used historical diagnoses to gain insight into the pre-existing
health status of patients. However, historical diagnoses can be a questionable
source of information to measure co-morbidity (incomplete information and
severity not recorded). The discussion of residual confounding after adjustment always remains in studies using observational data.
Efficacy studies
Registers have been used to compare groups treated with different medications ' or with different treatment strategies, like medical versus surgical
treatment. The use of observational data (registers) to compare efficacy has
raised fierce debates in the literature. Control of confounding, or the lack of, it
14 15 77-54

is the central issue in these debates. '
In daily practice, clinicians treat
patients in a specific way, because they think the patient needs that particular
treatment, thereby mixing prognosis with treatment decisions. Correction for
important prognostic factors may remove part of this bias, but subtle
differences are likely to remain. This is known as confounding by
(contra)indication.
The following example of the use of ß-blockers after acute myocardial may
illustrate this problem. Treating myocardial infarct patients with ß-blockers
reduces mortality, but the presence of heart failure and chronic obstructive
pulmonary disease are relative contraindications. Using observational data to
compare mortality in myocardial infarct patients with and without ß-blockers
is difficult, as patients with heart failure (and hence a shorter life-expectancy)
are less likely to be treated with ß blockers. The effect of ß-blockers will
therefore be overestimated in the unadjusted analysis. However, even if the
presence of heart failure had been recorded as a y e s / n o variable, a stratified
analysis will not help in deciding whether treatment of ß-blockers is also
beneficial to patients with heart failure. As heart failure can range from mild
to life threatening, it is very likely that heart failure is less severe in patients
treated with ß-blockers than in patients in which physicians did not subscribe
ß-blockers. Consequently, differences in the severity of heart failure may still
account for the observed benefit of ß-blockers in heart failure patients despite
adjustment. ' Recent reports have shown, however, that treatment effects
estimated from observational data sources can be m a d e quite similar to results
obtained from clinical trials.
More studies of this type are needed.
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Studies of unintended effects (like unexpected side-effects) are less affected
by this so-called confounding by indication. In these types of studies there is a
dissociation between the reason for exposure and the outcome. This opens the
door to study these effects in a non-experimental setting, including registers
(see also under etiological studies).
Clinical trials provide and will continue to provide the best evidence for
the efficacy of therapies. But, like any other tool, clinical trials have their
OA QJ DO

strengths and limitations. '
Logistic problems are present because of the
large number of questions to be studied, in trials with rare outcomes or with
outcomes that lie far in the future. In addition, the homogenising entry
restrictions that give the clinical trials their statistical power, also preclude the
generalisation of the results to the everyday patient with more symptoms,
higher age and more co-morbidity. In several cases, registers can provide
additional information or can even be a reasonable alternative.
Additional use of registers in studies w i t h primary data collection
Up to this point, we have focused on research in which one or more registers
were the sole providers of information. Registers, however, can also be used
for specific purposes in studies collecting primary data. ' We briefly discuss
two functions.
The first group of research comprises studies in which registers are scanned
to identify study subjects (sampling frame). After identification, data is then
collected from these subjects in a traditional manner using medical charts
a n d / o r patient interviews. This approach can be used in case-control studies
for the identification of cases or for drawing controls. Many examples of using
registers in case-control studies can be found among cancer studies. Registers
can also serve as the starting point for prospective cohort studies or trials.
A second group of research consists of studies in which the population and
determinants of interest are assembled in the traditional way, but registers are
employed to identify outcome events during follow-up. Complete and valid
outcome information on all patients is a prerequisite in order to use registers
to detect outcome events. A good candidate for providing outcome information is therefore the register of causes of death. Other outcome events could be
studied using hospital discharge data, if the event has a high hospitalisation
rate, like acute myocardial infarction.
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Concluding remarks
Registers differ markedly in their purpose, content and size, but the registration processes of registers have some points in common. These characteristics lead to some general advantages and disadvantages if registers are used
in epidemiological research.
A distinctive feature of registers is their goal of recording consecutive
(registration) events within a population. This provides a natural link between
registers and studies trying to determine the frequency of conditions in the
general population (single moment studies). The main restriction is found in
the preference of registers to capture event-like phenomena rather than
chronic diseases or functional states. The sensitivity of the registration process
(completeness) becomes important once a potential register is available.
Researchers using registers in research other than single moment studies
are faced with two problems. First, the recording of follow-up or historical
information in registers is difficult, so this type of information is either not
recorded, short-term or missing. All epidemiological research involving
temporal relationships (serial studies) suffers from this lack of historical or
prospective information. Record linkage can provide a solution by bringing
information from different sources together or by reconstructing eventoriented registers into patient-oriented registers. Second, feasibility of data
collection is an issue given the long-term perspective of registers. This means
that register data is less detailed and precise compared with data from
primary studies. This problem hampers studies needing clinical information to
construct prognostic subgroups or to control for differences in case mix in
comparative studies. On-site chart review to obtain additional information, to
check key variables on validity, and to detect missing information is an
important but time-consuming solution.
In this chapter we have discussed the role of registers in general, limiting
ourselves to the main characteristics of registers and to a few types of research
questions. Each register has its specific features and each research project its
own requirements. Teamwork involving epidemiologists, physicians, registry
personnel and statisticians is needed to avoid mistakes and to maximise the
use of data from registers. Illustrations of how these potential problems turn
out in specific situations can be found in chapter two through five. One
disease or group of diseases takes centre stage and its impact is studied using
data from one or two national registers (causes of death and hospital
admissions). More information on the powerful tool for extending the role of
registers, medical record linkage, can be found in chapter 6.
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Chapter 7 illustrates the value of linked data sources. We used record linkage
to identify the pattern of cardiovascular readmissions in a cohort of patients
with acute myocardial infarction. Other recommendations on ways to improve
the use of registers in epidemiological research are given in the general
discussion at the end of this thesis.
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ABSTRACT
In 1994, stroke w a s responsible for the death of 4,994 men and 7,601 w o m e n in
the Netherlands, corresponding to 7.5% of all deaths in men and 11.4% in
women. Age adjusted stroke mortality declined by 39% for m e n and by 45%
for w o m e n between 1972 and 1994. However, the decline in mortality levelled
off after 1987. In contrast to mortality, age adjusted discharge rates increased
by 47% for m e n and by 28% for w o m e n during the study period. The decline
in mortality was equally distributed over the age groups, while the increase in
the number of hospital admissions was more pronounced in the older age
groups. The analyses by diagnostic subgroups of stroke showed the importance of increasing diagnostic capabilities in the hospital setting. The use of
diagnostic subgroups in national mortality data was of limited value,
illustrated by the fact that 70% of all stroke deaths in 1994 belonged to the illdefined type of stroke.
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INTRODUCTION
Stroke is a major health problem. Not only is it the third leading cause of death
in the industrialised world, but m a n y survivors of stroke are left disabled.' 3
Furthermore, the costs of illness are impressive. Between 3 and 4% of the
health care budget in the Netherlands is utilised by stroke patients. 4 5 Most
countries experienced a decline in stroke mortality during recent d e c a d e s . "
However, several countries have recently reported the end of the decline in
stroke mortality or even a rise in stroke incidence. With opposing trends
being observed in different countries it is important to monitor stroke in the
population. We studied trends in the number of deaths and hospital
discharges d u e to stroke from 1972 to 1994 in the Netherlands by age, sex and
type of stroke.
METHODS
We obtained population figures and the number of deaths from stroke in the
Netherlands for the period 1972-1994 from Statistics Netherlands. 1 5 All death
certificates in the Netherlands are filled in by treating physicians and then sent
to Statistics Netherlands for coding and recording in the central database.
Mortality data were grouped by 5-year age groups, sex and underlying cause
of death. From 1972 u p to 1978, the 8th version of the International Classification
of Diseases (ICD) w a s used. Thereafter, coding was according to the 9th ICD
version. We used rubrics 430-438 in both the ICD-8 and ICD-9 version to
indicate stroke. For mortality, we divided stroke into 4 different types:
subarachnoid haemorrhage (430 in both ICD-8 and ICD-9), haemorrhagic
stroke (431 in ICD-8 and 431-432 in ICD-9), thrombo-embolic stroke (432-434 in
ICD-8 and 433-434 in ICD-9) and ill-defined stroke (435-438 in both ICD-8 and
ICD-9).
The n u m b e r of hospitalisations for stroke was derived from the central
database for hospital admissions in the Netherlands n a m e d the National
Medical Register and maintained by SIG Health Care Information. In 1972, the
start-up year of our analysis, 70% of all hospital admissions in the Netherlands
was recorded in this database. In 1977, the coverage had grown to 90%, in 1982
to 97%, and coverage w a s complete from 1986 onwards. These overall ratios
were used to estimate the yearly number of hospital admissions for stroke in
the Netherlands. Records contain diagnosis at discharge, age and gender of
the patient, length of stay and status at discharge (dead or alive). Only
admissions with a first-listed (primary) discharge diagnosis of stroke were
included. All discharge diagnoses were coded according to the International
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Classification of Diseases, Clinical Modification (ICD-CM). The change from ICDCM-8 to ICD-CM-9 occurred in 1980. The same types of stroke were analysed,
except that transient cerebral ischaemia (ICD-CM code 435 in both ICD-8 and
ICD-9) was analysed separately.
In-hospital case fatality ratios (as a percentage) were calculated by dividing
the number of admissions for stroke with discharge status dead by the total
number of discharges for stroke. To calculate the average age at death or
admission, w e assumed that all persons died or were admitted, on average, at
the mid-point of each 5 year age category. Mid-year populations were
calculated by averaging the population number at the beginning and end of
each year. Age adjusted discharge and mortality rates were calculated by
direct standardisation to the European Standard Population, with equal
weighting schemes for men and women. Annual percentage changes in
17

mortality and discharge rates were estimated using Poisson regression. The
number of discharges or deaths were used as response variables, with midyear population figures as person-years. Calendar year (continuous) and
5 year age groups (categorical) were used as explanatory variables. For the
trend in mortality from stroke, 1987 was chosen as the cut off point because of
the distinct change in trend on visual inspection of the data.
RESULTS

Mortality
Stroke was responsible for the death of 4,994 men and 7,601 w o m e n in 1994
(table 1), corresponding to 7.5% of all deaths in men and 11.4% in women.
62% of all stroke deaths in m e n occurred after the age of 75, with an average
age at death of 76.4 years in 1994 (table 1). For w o m e n these figures were 82%
and 81.8 years, respectively.
In the period 1972-1994, the age adjusted death rate d r o p p e d by 39% for
m e n and by 45% for w o m e n (figure 1). Analysis of age-specific death rates
revealed that there was a fairly even contribution of the most relevant age
groups to this decline (figure 2). However, this decline levelled off around
1987 for both m e n and women. From 1972 to 1986, the annual percentage
change in age adjusted mortality was -2.7% in men (95% confidence interval
(CI) -2.8% to -2.5%) and -3.4% in w o m e n (95% CI -3.6% to -3.2%). From 1987
onwards the annual change was -0.9% in men (95% CI -1.3% to -0.4%) and
-0.5% in w o m e n (95% CI -0.9% to -0.1%).
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Table 1. Number of deaths, mean age at death, number of hospital discharges and mean
age at admission for stroke in the Netherlands for the years 1972, 1977, 1982, 1987, 1992
and 1994.
Year

1972
1977
1982
1987
1992
1994

Mean age at
death ( n years)

Deaths

Mean age at
admission
(in years)
Men Women

Hospital
discharges

Men

Women

Men

Women

Men

Women

5,985
5,316
5,182
4,771
5,000
4,994

7,066
6,473
6,946
6,806
7,926
7,601

75.3
75.5
76.1
76.8
76.9
76.4

77.7
77.9
79.5
80.8
81.4
81.8

7,750
10,343
12,666
13,406
13,740
15,296

7,129
9,390
11,636
12,854
13,655
14,098

65.5
66.5
67.1
67.7
67.6
67.8

68.5
69.1
70.3
71.5
71.2
71.3

Source: Statistics Netherlands and SIG Health Care Information.
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Figure 1. Age adjusted death rates from stroke for men and women in the Netherlands from
1972 to 1994. Direct standardisation to the European standard population.16
Source: Statistics Netherlands.
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Figure 2. Age-specific death rates from stroke for men (upper panel) and women (lower
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•=85 and over. Source: Statistics Netherlands.
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The analysis by type of stroke revealed that 65% of all stroke deaths in men
in 1994 belonged to the ill-defined group of stroke and 74% in w o m e n
(table 2). The mean age at death in 1994 for the 4 types of stroke is given in
table 2. For all types of stroke, the mean age at death was higher in w o m e n
than in men. The youngest age at death was noted for subarachnoid haemorrhage, and the oldest was for the ill-defined type of stroke. During the study
period, the age adjusted death rate in men for subarachnoid haemorrhage
declined by 42%, for thrombo-embolic stroke by 50%, for haemorrhagic stroke
by 24% and for the ill-defined group by 40%. For women, these figures were
22%, 61%, 47% and 41%, respectively.
Hospital discharges
The number of hospital discharges for stroke and the average age at admission
are given in table 1. In 1994, stroke was responsible for 1.8% of all hospital
discharges in the Netherlands, and for 4.3% of all days of hospitalisation. From
1972 until 1986, there was a steady increase in the age adjusted discharge rates
for stroke. Thereafter, the rate was more or less stable (figure 3).
The rate of hospitalisation in all age groups above the age of 45 years was
higher in men than in women. For the entire study period, there was a
47% increase in age adjusted discharge rates for men, and a 28% increase for
women. All relevant age groups contributed to this increase, but the rise was
more marked in the older age groups. The annual percentage increases for
men by age group were 0.1% (45-54 years), 0.9% (55-64 years), 1.4%
(65-74 years), 1.7% (75-84 years) and 2.1% (85 years and over). For women,
these annual changes were 0.5% (45-54 years), 0.6% (55-64 years), 0.3%
(65-74 years), 1.0% (75-84 years) and 1.9% (85 years and over). All tests for
trend were significant at the 5% level, except for men aged 45-54 years and
w o m e n aged 65-74 years.
During the study period, there was a steady decline in the length of hospitalisation for stroke. In 1972, the average length of stay w a s 29.6 days for men
and 37.5 days for women. By 1994 these figures had declined to 20.1 and
25.5 days, respectively.
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Figure 3. Age adjusted discharge rates for stroke in the Netherlands from 1972 to 1994 for
men and women. Direct standardisation to the European standard population.
Source: National Medical Register of SIG Health Care Information.

In 1994, thrombo-embolic stroke w a s the most frequent of the 5 types of
stroke, responsible for 39% of all stroke discharges (table 2). Over time,
different trends were observed for the 5 types of stroke (figure 4). From 1980
onwards, the age adjusted discharge rates for ill-defined stroke declined
steadily during the remaining study period, resulting in an overall decline of
29% for men and 33% for women. For both haemorrhagic and thromboembolic stroke, the age adjusted discharge rates increased steadily over time.
Overall, the age adjusted discharge rates more than doubled for both
haemorrhagic stroke and thrombo-embolic stroke (figure 4). For the group of
transient cerebral ischaemia, an initial steep increase was followed by a
decline. The transition from increase to decline occurred around 1986. For the
entire study period the discharge rates for transient cerebral ischaemia
increased more than 3-fold. For subarachnoid haemorrhage, the trend for men
and w o m e n w a s different. In men, there w a s a 26% decline in age adjusted
discharge rate, while w o m e n experienced an increase of 12%.
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Figure 4. Age adjusted discharge rates for five different types of stroke for men (upper
panel) and women (lower panel) in the Netherlands from 1972 to 1994. ^subarachnoid
haemorrhage, •=haemorrhagic, •=thrombo-embolic, ^ill-defined, x=transient cerebral
ischaemia. Direct standardisation to the European standard population.16
Source: National Medical Register of SIG Health Care Information.
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In-hospital case fatality
Age adjusted in-hospital case fatality for stroke as a whole was 16.7% for men
and 17.5% for w o m e n in 1994. Hospital case fatality for stroke decreased from
31.9% in 1972 to 17.7% in 1983 for men and for w o m e n from 33.6% to 19.6%.
From 1983 onwards, no further improvement in survival for hospitalised
stroke patients w a s observed in either sex. Hospital case fatality increased
with age, and no differences between men and w o m e n were observed after
controlling for age. In 1994, haemorrhagic stroke had the highest in-hospital
case fatality with 37.2%, followed by subarachnoid haemorrhage with 27.2%,
ill-defined with 18.2%, thrombo-embolic with 12.4% and transient cerebral
ischeamia with 2.0%.
DISCUSSION
The analysis of the data from two of the main national registries in the
Netherlands showed an impressive decline in age adjusted stroke mortality
during the past two decades on the one hand, while on the other hand, age
adjusted morbidity, as measured by hospital discharges, simultaneously rose.
The decline in stroke mortality, however, levelled off after 1987. Before
exploring some of the possible mechanisms that could explain these findings,
we compare our results with data from other countries.
Mortality from stroke in the Netherlands has always been among the
lowest in Western countries and was comparable with the level in Sweden,
France, Canada and the United States. '6 However, with the slow-down in the
decline of stroke mortality in the Netherlands around 1987, the Netherlands
now exceeds countries such as France, Switzerland and Canada in which the
decline in stroke mortality has continued. Countries that have also reported a
slow-down in the decline of stroke mortality are the United States and several
Scandinavian countries. '
The decline in stroke mortality
The impressive decline in age adjusted stroke mortality is likely to have been
driven by a decline in stroke incidence. Several favourable changes in life-style
could have contributed to this decline, and to the simultaneous decline in
coronary heart disease incidence, such as a decline in smoking (especially in
men), increasing awareness and treatment of hypertension and favourable
changes in diet. 1 ' ° Unfortunately, there are no long term studies measuring
the incidence of stroke in the Netherlands that could support such possibilities. The limited number of studies in different settings that have measured
stroke incidence in the Netherlands did not show a trend, u p w a r d or
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3,21,22 .

d o w n w a r d , in stroke incidence during the past decade." ' In addition to a
possible decline in stroke incidence, an improvement in survival after stroke
may have been an additional factor in lowering stroke mortality. This
hypothesis is supported by the decline in hospital case fatality which
coincided with the decline in total mortality, although the lower hospital case
fatality may partly be biased by a shorter length of stay for stroke patients
over time. Factors that could have contributed to the lower hospital case
fatality are more admissions for milder strokes and transient ischaemic
attacks. ' Improvement in the management of stroke could also have lowered
mortality. During the last two decades, no effective, new therapies for stroke
have been developed. Most progress must have come from the prevention and
treatment of complications of stroke. This concept is supported by the
reported beneficial effect of treatment in stroke units. Therapeutic measures
that may have contributed are a more aggressive approach to volume
depletion, better diagnostic tools that can help in focusing on specific
treatments, early rehabilitation, prevention of deep venous thrombosis, and
the use of secondary prevention with antiplatelet agents soon after stroke
onset. The (recent) end of the decline in stroke mortality has been linked by
others to the longer survival of patients with ischaemic heart disease, leading
to a growing pool of patients at high risk for subsequent vascular events,
including stroke."
Increase in hospital discharges
There is a striking difference between the decline in mortality and the increase
in age adjusted discharge rates. While the decline in mortality was similar
across all relevant age groups, the rise in discharge rates was more prominent
in the older age groups. The most likely explanation for this rise is an increase
in the proportion of all stroke patients admitted to the hospital. This probably
reflects the changing attitude of doctors towards stroke treatment and changes
in society leading to fewer possibilities of giving adequate care to stroke
patients at home. Growing knowledge of the pathophysiology, treatment and
prevention of complications of stroke and the introduction of new diagnostic
methods (e.g. computed tomography and magnetic resonance imaging)
increased the doctors' awareness of stroke and may have changed their
13 29

attitude to a more active approach, especially in the elderly. ' Whether an
increase in the number of patients with recurrent stroke, as a result of the
possible longer survival after stroke, is an additional factor that remains
uncertain. The central database of hospital admissions in the Netherlands
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lacks a unique patient identification number to identify re-admissions for
stroke.
Validity of the study
This was a descriptive study, investigating only temporal relationships in vital
statistics data. The main source of error in the use of vital statistics data lies in
30 31

the determination and classification of the cause of death/ ' Especially, in the
case of older patients with multiple diseases, determining the primary cause of
death is prone to inter-doctor variation. For stroke as a whole, some reassuring
figures have come from the MONICA project. In their validation studies,
reasonable agreement was found between the number of deaths from stroke,
determined by strict guidelines, and those derived from official vital statistics
32

data." However, no Dutch population is included in the MONICA project.
Hospital data are limited in that not all stroke patients are hospitalised and
that readmissions cannot be identified. The first limitation is probably the
most important one, because a large proportion of stroke patients is managed
outside the hospital in the Netherlands. There is a lively debate in the
Netherlands and other countries, whether stroke patients should be admitted
to hospital. " Recent estimates of the proportion of stroke patients treated
outside the hospital in the Netherlands varied between 15 and 50%.
For a
reliable estimate of the incidence of stroke in the Netherlands, other studies
are needed in which both hospitalised and non-hospitalised patients are taken
into account. '
Data on the accuracy of hospital discharge abstracts for
stroke are scarce, although the determination of primary discharge diagnosis
on hospital data should be easier than establishing the cause of death outside
the hospital.
These limitations apply to all studies using this type of data sources. There
are also some specific advantages to the Dutch registry of hospital admissions.
Firstly, there are no private hospitals in the Dutch health care system for
patients with cerebrovascular diseases. Secondly, all hospitals (university and
general) have participated in this register since 1986, thereby avoiding
sampling bias. All relevant data from the hospitals are stored in a central
database and uniform guidelines for the coding process are enforced in the
hospitals by a permanent process of training of specialised personnel. Before
1986, there was a partial, but still high, coverage.
Division by type of stroke
We used a division similar to Modan's and Wagener except that we analysed
transient cerebral ischaemia as a separate group. Transient cerebral ischaemia
was among the ill-defined group in their paper. A similar approach, for
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mortality data alone, has been used by Baum and Goldstein. For mortality in
the Netherlands, the division by type of stroke resulted in a large proportion
(70%) of ill-defined strokes, with a notable difference between men and
w o m e n (65% in men vs. 74% in women). Data from the Unites States showed
44

that around 60% of all stroke deaths were classified as ill-defined. Of all
stroke deaths in the Netherlands occurring within a hospital, 55% had an illdefined type of stroke as the cause of death compared with 86% of all stroke
deaths occurring outside the hospital. This reflects the difficulty of determining a specific type of stroke as the cause of death outside the hospital. This
is in accord with the fact that from physical signs alone it is difficult to
distinguish between haemorrhagic and thrombo-embolic stroke, even in a
hospital setting. ' Therefore, the construction of diagnostic subgroups for
total mortality is of little value given the fact that about 50% of all stroke
deaths in the Netherlands occurred outside the hospital.
In 1994, the percentage of ill-defined stroke among the hospital discharges
for stroke was 28%, which was higher than we expected. A recent study in
several hospitals in the Netherlands revealed that in 93% of the stroke patients
admitted to the hospital, a computed tomogram of the brain was performed.
These observations suggest that there is quite a substantial loss of diagnostic
information during the coding process. From 1980, there was a steady decline
in the ill-defined group of stroke, which probably reflects the improved
diagnostic capabilities through computed tomography. A part of this decline
is probably transferred to the thrombo-embolic and haemorrhagic types of
stroke. This is probably one of the main reasons behind the steady increase in
these types of stroke (figure 4).
In conclusion, from 1972 to 1994, age adjusted stroke mortality in the
Netherlands was nearly halved. There are indications of both a decline in
stroke incidence and in case fatality of stroke. However, since 1987 the decline
in stroke mortality has levelled off. The use of diagnostic subgroups of stroke
in the case of total mortality was of little value given the limitations in
determining the type of stroke in patients dying outside the hospital. For a
better interpretation of hospital statistics data, more studies are needed on
how all the diagnostic information is used in the coding process. N e w efforts
in both the primary prevention of stroke and in optimisation of the treatment
of stroke patients are needed to offset the expected increase in stroke patients
49

d u e to ageing of the population.
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ABSTRACT
Objectives - To study the trend in incidence of aneurysms of the abdominal
aorta in the Netherlands during the past two decades.
Setting - The Dutch population from 1972 through 1992.
Design - Analysis of all hospital admissions and deaths d u e to aneurysms of
the abdominal aorta.
Outcome measures - Age adjusted and age-specific mortality and discharge
rates. In-hospital mortality after surgery u p o n aneurysms of the abdominal
aorta.
Results - From 1972 to 1992 age adjusted mortality from aneurysms of the
abdominal aorta rose from 3.1 to 8.1 per 100,000 in men, and from 1.4 to 2.2 in
women. Age adjusted discharge rates (alive and dead) for non-ruptured
abdominal aortic aneurysms increased from 3.7 to 37.6 per 100,000 in men and
from 1.2 to 5.5 in women. For ruptured aneurysms, the age adjusted discharge
rates increased from 2.4 to 10.3 per 100,000 in men and from 0.7 to 1.7 in
women. Age adjusted in-hospital mortality after surgery upon non-ruptured
aneurysms w a s halved from 13% in 1972 to 7% in 1992, mortality after acute
repair u p o n ruptured aneurysms also decreased from 52% in 1972 to 36%
in 1992.
Conclusions - There was an impressive increase in hospital based incidence for
aneurysms of the abdominal aorta during the past two decades in the
Netherlands. An improved detection rate through ultrasound is probably a
major contributor to this increase, but gender differences and the rise in the
number of ruptured aneurysms suggest that a real increase in incidence may
exist, especially in men. Surgical outcome for both ruptured and non-ruptured
aneurysms of the abdominal aorta improved.
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INTRODUCTION
Recent reports from England and Wales, the United States and Australia have
suggested an increase in mortality from aneurysms of the abdominal aorta
during recent decades. Simultaneously, a marked increase in the number of
hospital admissions and operations for these aneurysms was observed. The
annual increase in the incidence of abdominal aortic aneurysms has been
estimated at 4.2% in m e n and 14% in women.
Despite improvements in acute medical care, the prognosis for a patient
with a ruptured aneurysm remains poor, with a mortality rate as high as
80 to 90%. After the first resection of an aneurysm of the abdominal aorta by
Dubost et al in 1951, surgical treatment has become the standard treatment for
aneurysms of a certain size. Mortality after elective surgery varies between
„

.

,

. ,_,.. 3,11-19

1.4 and 6.5%.
We studied the trends in the incidence of aneurysms of the abdominal aorta
in the Netherlands by age, sex and calendar year from 1972 through 1992. In
addition, changes in in-hospital mortality after surgical treatment of
abdominal aortic aneurysms were assessed.
MATERIALS AND METHODS
Population data and the number of deaths d u e to aortic aneurysms in the
Netherlands from 1972-1992 were obtained from Statistics Netherlands,
Voorburg, the Netherlands. The number of deaths was grouped by 5 year age
categories, sex and underlying cause of death. Causes of death were coded
according to the International Classification of Disease (ICD). We used ICD-8
rubric aneurysm of the abdominal aorta (441.2) for the period 1972-1978, and
w e combined ICD-9 rubrics aneurysm of the abdominal aorta, ruptured (441.3)
and without mentioning of rupture (441.4) for the period 1979-1992.
Data on hospital admissions for abdominal aortic aneurysms were obtained
from the National Medical Register of SIG Health Care Information. The
National Medical Register of SIG Health Care Information is a nation-wide
database of hospital admissions in the Netherlands. From 1986 onwards, all
hospitals (university and general) in the Netherlands participated in this
register. In 1972, the starting year of our analysis, 70% of all hospital
admissions were recorded, in 1982 the coverage had grown to 97%. On the
basis of these figures appropriate multiplying factors were used to estimate
the yearly number of hospital admissions in the Netherlands. Records include
diagnoses at discharge, age and sex of the patient, length of hospital stay, type
of operations performed, and type of discharge (dead or alive). The Interna-
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tional Classification of Diseases Clinical Modification (ICD-CM) was used to
classify diagnoses at discharge. For the period 1972-1979 we used ICD-CM-8
rubrics aneurysm of the abdominal aorta without (441.3) and with rupture
(441.4). For the period 1980-1992 w e used ICD-CM-9 rubrics aneurysm of the
abdominal aorta with (441.3) and without rupture (441.4). Only admissions
with a first-listed discharge diagnosis of aneurysm of the abdominal aorta
were counted in this study.
For all admissions with a first-listed discharge diagnosis of abdominal
aortic aneurysms it was determined whether an operation upon the aneurysm
was performed. During the study period three different coding systems for
operations were used. In the first two coding systems (1972-1989) operations
on an abdominal aortic aneurysm were coded among a broader group of
operations on abdominal arteries. The combination of a first-listed discharge
diagnosis of abdominal aortic aneurysm and an operation from this group
could have resulted in a slight overestimation of the actual number of
operations upon abdominal aortic aneurysms for that period.
In-hospital mortality (as a percentage) after surgery for non-ruptured or
ruptured aneurysms of the abdominal aorta was calculated by dividing the
number of patients with discharge status dead after their operation by the
total number of admissions with a operation for that type of aneurysm.
Mid-year population figures were calculated by averaging the number of
inhabitants in the Netherlands at the start and end of each year. Age adjusted
rates were calculated by direct standardisation using the 'new' European
standard population as a standard." Age-specific rates were calculated using
10 year age groups (45-54, 55-64, 65-74, 75-84, 85+).
RESULTS
From 1972 to 1992 the population of the Netherlands increased from
13.3 million to 15.2 million. The number of inhabitants of 55 years or over
increased from 2.6 million (19%) in 1972 to 3.4 million (22%) in 1992.
Mortality
The absolute number of deaths due to abdominal aortic aneurysms in the
Netherlands rose from 231 in 1972 to 756 in 1992. For men, there was a 3.5-fold
increase from 171 deaths in 1972 to 590 in 1992. For women the number of
deaths increased 2.8-fold from 60 to 166. Of all male deaths in 1992 above the
age of 55 years 1.0% was attributed to aneurysms of the abdominal aorta. In
women this proportion was 0.3%.
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The age adjusted death rates for abdominal aortic aneurysms are shown in
figure 1. The death rates for males increased 2.6-fold from 3.1 to 8.1 per 100,000
and for women 1.6-fold from 1.4 to 2.2 per 100,000. Analyses of age-specific
death rates for males showed that this rise was most pronounced in the higher
age groups, especially in those above 75 years of age. In females, death due to
abdominal aortic aneurysms was rare below the age of 75. The moderate rise
in the age adjusted death rate for abdominal aortic aneurysms among women
mainly resulted from a rise in those above the age of 85 years.

1972

1992

Figure 1. Age adjusted death rates for abdominal aortic aneurysms for men and women in
the Netherlands from 1972-1992. Source: Statistics Netherlands. Standardised using the
'new' European Standard Population.
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Hospital discharges
The total n u m b e r of admissions with a first-listed discharge diagnosis of an
abdominal aortic aneurysm increased from 433 (39% ruptured) in 1972 to
4,002 (22% ruptured) in 1992. In both men and w o m e n there was a marked
increase in ruptured and non-ruptured cases, but the increase in non-ruptured
aneurysms was more pronounced (table 1). The contribution of ruptured cases
of abdominal aortic aneurysms to the total number of admissions for ruptured
aneurysms and for surgery upon non-ruptured aneurysms decreased from
63% in 1972 to 35% in 1992. The percentage of admissions for non-ruptured
abdominal aortic aneurysms in which an operation was performed, increased
from 37% in 1972 to 53% in 1992 and for ruptured aneurysms from 40 to 66%.
The age adjusted discharge rates for ruptured and non-ruptured aneurysms are shown in figure 2. In men, the age adjusted discharge rates for nonruptured abdominal aortic aneurysms increased 10-fold from 3.7 to 37.6 per
100,000. In w o m e n the increase was 4.6-fold from 1.2 to 5.5 per 100,000. For
ruptured abdominal aneurysms these figures were less dramatic. In men there
w a s a more than 4-fold increase from 2.4 to 10.3 per 100,000 and for women a
2.4-fold increase from 0.7 to 1.7 per 100,000.
For men, the age-specific discharge rates for non-ruptured abdominal
aneurysms rose in all relevant age groups, but the increases were relatively
higher in the age groups over 65 years of age (upper panel figure 3). In
women, all age groups over 55 years of age contributed to the rise in hospital
admissions for non-ruptured aneurysms of the abdominal aorta, although the
largest increases were seen in the age groups between 65 and 84 years of age
(lower panel figure 3).
Table 1. Number of hospital admissions and in parentheses the percentage of admissions
in which an operation was performed for ruptured and non-ruptured aneurysms of the
abdominal aorta in the Netherlands from 1972 to 1992.
Year

Men
ruptured
AAA

1972
1977
1982
1987
1992

136(44%)
329 (59%)
419(63%)
655 (74%)
755 (67%)

Women

non-ruptured
AAA
204(41%)
517(58%)
1,034 (59%)
1,817(65%)
2,724 (53%)

AAA = Abdominal Aortic Aneurysm.

ruptured
AAA
31 (23%)
43(31%)
69 (36%)
114(51%)
125(59%)

non-ruptured
AAA
62 (23%)
124(34%)
171 (53%)
262 (52%)
398(51%)
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Figure 2. Age adjusted discharge rates for abdominal aortic aneurysms without rupture and
with rupture in men (upper panel) and women (lower panel) in the Netherlands from 19721992. Source: SIG Health Care Information. Standardised using the 'new' European
Standard Population.
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Figure 3. Age-specific discharge rates for non-ruptured abdominal aortic aneurysms in men
(upper panel) and women (lower panel) in the Netherlands from 1972-1992. Age groups in
years: ±=55-64, x=65-74, •=75-84, »=85 and over. Source: SIG Health Care Information.
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Mortality after surgery
Age adjusted in-hospital mortality after surgery upon abdominal aortic
aneurysms is presented in figure 4. In-hospital mortality after surgery upon
non-ruptured aneurysms halved from 13% in 1972 to 7% in 1992 (men and
w o m e n combined). In-hospital mortality in 1992 increased sharply with age
from 4% in those aged 55-64 to 25% in those 85 years and over.
Age adjusted in-hospital mortality after surgery for ruptured aneurysms of
the abdominal aorta also decreased, from 52% in 1972 to 36% in 1992.
Postoperative in-hospital mortality in 1992 for ruptured aneurysms increased
with age from 28% in those aged 45-54 years to 71% in those over 85 years of
age.

\

1972

1976

1980

1984

Ruptured
aneurysms
AA

1988

1992

Year

Figure 4. Age adjusted in-hospital mortality after surgery for non-ruptured and ruptured
aneurysms of the abdominal aorta in men (solid line) and women (broken line). Source: SIG
Health Care Information. Standardised using the 'new' European Standard Population.
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DISCUSSION
This study shows a pronounced increase in both mortality from and hospital
discharge rates for aneurysms of the abdominal aorta in the Netherlands
during the past two decades. This increase remained after adjustment for age
and was more prominent in men than in women. During the same period,
surgical outcome after surgery for ruptured abdominal aneurysms reduced
gradually but remained high, while in-hospital mortality after elective surgery
of abdominal aortic aneurysms halved to 7%.
Although the age adjusted death rates observed in the Netherlands are
lower than those reported by Fowkes et al in England & Wales, their relative
increase in men from 1960 and 1984 was comparable with our estimate
(2.6-fold in the Netherlands vs. 2.5-fold in England and Wales). The higher
death rate from aneurysms of the abdominal aorta in Fowkes' study could
originate from their restriction to those aged 40 years and over, and from
differences in the composition of the standard population. Lilienfeld et al
observed death rates and trends similar to ours among whites in the United
States, during the period 1951-1981.'
Several factors have to be considered when interpreting an u p w a r d trend in
data obtained from routine statistics. A first explanation for the observed
increase in occurrence of aneurysms of the abdominal aorta could be an
increase in detection rate. The widespread use of ultrasound in hospitals since
the mid-seventies will have lead to the detection of many previously u n k n o w n
aneurysms. In 1989, the board of radiologists in the Netherlands recommended that during all sonographic examinations of the abdomen an attempt
should be m a d e to visualise the abdominal aorta. With the introduction of a
new diagnostic method, however, one would expect an accelerated increase in
the number of cases, followed by a stabilization at a higher level, instead of the
steady, continuous increase we observed in our study. It seems unlikely,
therefore, that the increased use of 'routine' ultrasound can fully explain the
observed trends.
Changes in coding practice could be a second explanation for the observed
increase The introduction of a new diagnostic method and improvement in
surgical results will have increased the medical awareness of aortic aneurysms. This might result in improved case detection and more deaths
attributed to aneurysms and can explain part of the observed increase
mortality from abdominal aortic aneurysms. However, results from autopsy
studies still suggest that many aneurysms remain undetected during life.
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The number of hospital admissions can be influenced by changes in referral
practice. The national hospital registry is based on admissions, not on
individuals. Therefore, hospital statistics overestimate the incidence of n e w
cases, as admissions for diagnostic work-up and referrals to other hospitals for
operation can not be recognised. With the introduction of ultrasound and
computerised tomographic diagnosis, which are often performed on an
outpatient basis, the number of re-admissions might have decreased over time.
This view is supported by the increase in the percentage of discharges for nonruptured abdominal aortic aneurysms in which an operation was performed
(37% in 1972 vs. 53% in 1992).
Apart from the improvement in diagnostic capabilities and perhaps a
change in coding practice, the rise in mortality and morbidity from aneurysms
of the abdominal aorta could reflect a true increase in incidence. ' Although
this type of research does not allow for a valid estimate of the incidence of
aneurysms of the abdominal aorta there is evidence in favour for such a true
increase. First of all, the increase was not the same in men and women. There
was a larger increase in both mortality and the number of hospital admissions
for men than women. If the increase was solely caused by an improved
detection rate one would expect similar effects in both sexes, unless of course,
women had fewer sonograms than men. This seems unlikely. Secondly, there
has been a marked increase in the number of ruptured aneurysms where
ultrasonographic detection does not play a major role. In the past days these
emergencies would still have presented to the hospital irrespective of the
availability of ultrasound. Thirdly, data from autopsy and epidemiologic
necropsy studies indicate that an increase in the prevalence of aneurysms of
the abdominal aorta exists, although no studies from the Netherlands are
21-24

available." Is a possible true increase in incidence of aneurysms of the
abdominal aorta supported by other evidence? The aetiology of aneurysms of
17 27-29

the abdominal aorta remains a topic of debate. ' " Smoking and a genetic
predisposition are well recognised, while the role of atherosclerosis remains
27

controversial. In contrast to the rise in mortality from abdominal aortic
aneurysms there w a s a 40% decline in coronary heart disease mortality in the
Netherlands during the same time period.' This indicates that other aetiologic
factors than atherosclerosis are likely to contribute to the development of
abdominal aortic aneurysms. On the other hand, the decline in mortality for
coronary heart disease, as a competing cause of death, could have contributed
to the increase in incidence and mortality from aneurysms of the abdominal
aorta.
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In-hospital mortality after surgery upon non-ruptured abdominal aortic
aneurysms d r o p p e d considerably from 13% in 1972 to 7% in 1992. This decline
in mortality, despite a trend to operate upon older patients and upon patients
with more co-morbidity, probably reflects improvements in surgical and
anaesthetic techniques. On the other hand, the availability of ultrasound may
have led to a disproportionate increase in the detection of smaller aneurysms,
thereby improving postoperative mortality. The Dutch national average of 7%
in-hospital mortality after surgery upon non-ruptured aneurysms of the
abdominal aorta was higher than reported in most other studies. In a recent
17

overview, mortality after elective surgery varied between 1.4 and 6.5%.
Several factors could be responsible for the observed differences in postoperative mortality. Firstly, favourable results from specialised centres may not
reflect operative mortality from an entire country. Secondly, different
definitions both in elective surgery and in postoperative mortality were used
in the studies. Thirdly, differences in patient profiles, e.g. age and comorbidity, are not taken into account by these crude comparisons. During the
study-period, in-hospital mortality after surgery upon ruptured aneurysms
also improved but was still 36% in 1992, despite advances in critical care.
In conclusion, a clear increase in age adjusted discharge rates for and
mortality from abdominal aortic aneurysm occurred in the Netherlands
between 1972 and 1992, most notably in men. Undoubtedly, the introduction
of ultrasound contributed to this trend, but a true increase in incidence of
aneurysms of the abdominal aorta is also likely.
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ABSTRACT

Objective - To study the trend in hospital admission rates for heart failure in
the Netherlands from 1980 to 1993.
Design - All hospital admissions in the Netherlands with a principal discharge
diagnosis of heart failure were analysed. In addition, individual records of
heart failure patients from a subset of seven hospitals were analysed to
estimate the frequency and timing of readmissions.
Results - The total number of discharges for men increased from 7,377 in 1980
to 13,022 in 1993, and for women from 7,064 to 12,944. From 1980 through 1993
age adjusted discharge rates rose 48% for men and 40% for women. Age
adjusted in-hospital mortality for heart failure decreased from 19% in 1980
to 15% in 1993. For all age groups in-hospital mortality for men was higher
than for women. The mean length of hospital stay in 1993 was 14.0 days for
men and 16.4 days for women. A review of individual patient records from a
6.3% sample of all hospital admissions in the Netherlands indicated that
within a two year period 18% of the heart failure patients were admitted more
than once and 5% more than twice.
Conclusions - For both men and women a pronounced increase in age adjusted
discharge rates for heart failure was observed in the Netherlands from 1980
to 1993. Readmissions were a prominent feature among heart failure patients.
Higher survival rates after acute myocardial infarction and the longer survival
of patients with heart disease, including heart failure may have contributed to
the observed increase. The importance of advances in diagnostic tools and of
possible changes in admission policy remains uncertain.
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INTRODUCTION
Heart failure is a complex clinical syndrome representing a common and
important health problem. In 1988 the direct medical costs of heart failure in
the Netherlands were estimated at £182 million, corresponding to 1% of the
total health care budget for that year. 2 The prognosis of a patient with heart
failure is poor. In the Framingham heart study 75% of men and 60% of w o m e n
died within five years after the diagnosis of heart failure. 3 Despite its
importance, reliable estimates of the incidence and prevalence of heart failure
in the general population are surprisingly scarce. This may be attributed to the
atypical symptoms of the early stages of heart failure, the ongoing debate on
the definition of heart failure, and the lack of a gold standard to assess the
presence of heart failure. Hospital based registries provide some insight into
the occurrence of heart failure in the population. Increases in age adjusted
discharge rates for heart failure in the United States, Sweden, and Scotland
have been reported in recent years.' A recently developed model predicts a
further increase in the number of heart failure patients in the Netherlands in
the coming decades. We describe the trend in hospital admissions for heart
failure in the Netherlands from 1980 to 1993. Furthermore, we assessed the
frequency and timing of readmissions for heart failure during a two year
period in a subset of seven hospitals.
PATIENTS AND METHODS
Population figures were obtained from the office of Statistics Netherlands,
Voorburg, the Netherlands. The number of hospital discharges for heart
failure by five year age groups were derived from the National Medical
Register of SIG Health Care Information, Utrecht, the Netherlands. From 1986
onwards all hospitals (university and general) in the Netherlands participated
in this register. In 1980, the starting year of our analysis, 95% of all hospital
admissions in the Netherlands were recorded. Based on this coverage we used
appropriate multiplying factors to estimate the yearly number of hospital
discharges in the Netherlands before 1986. All records contain a principal
diagnosis coded according to International Classification of Diseases Clinical
Modification (9th revision), age and gender of the patient, status at discharge
(dead or alive), and length of stay. We used the following codes to identify
discharges for heart failure: heart failure (428.x), hypertensive heart disease
(402.x), and myocardial degeneration (429.1). Only admissions with a firstlisted (principal, main) discharge diagnosis of heart failure were included in
this analysis. In-hospital mortality (as a percentage) was calculated by
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dividing the number of hospital admissions with a discharge status of dead by
the total number of hospital admissions for heart failure.
To calculate the mean age at admission w e assumed that all persons were
admitted at, on average, the midpoint of each five year age category. Age
adjusted discharge rates were calculated by direct standardisation using the
'new' European Standard Population as a standard. Tests for linear trend
were performed with Poisson regression.
Furthermore, because the registry does not provide data on individual
patients, w e conducted a survey to obtain individual records of patients with
heart failure to estimate the contribution and timing of readmissions. Seven
hospitals (two university and five general) participated on a voluntary basis.
This survey spanned a two year period from 1991 to 1992 and covered 6.3% of
all hospital admissions for heart failure in that period. Time to readmission
was analysed using Kaplan-Meier curves. Separate curves for readmission
were constructed in patients with one, two, or three previous hospital
admissions, respectively. End points were the dates of readmission and the
starting points were the dates of discharge. Patients w h o died during their
stay in the hospital were excluded from the subsequent readmission analysis.
RESULTS
Table 1 lists the total number of discharges for heart failure, the mean length of
stay, and the mean age at admission. The total number of hospital discharges
for heart failure rose from 7,377 in 1980 to 13,022 in 1993 for men, and from
7,064 to 12,944 for women. The contribution of heart failure to the total
number of hospital discharges in the Netherlands in 1993 was 1.7%. The
International Classification of Diseases code 428 (heart failure) was by far the
most common (98.8% in 1993) of the codes w e combined for this study. The
mean age at admission increased slightly during the study-period (table 1).
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Table 1. Number of hospital discharges for heart failure, mean length of stay, and mean
age at admission in the Netherlands from 1980 through 1993.
Year

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

Men
no of
discharges

mean
length of
stay
(days)

7,377
7,626
8,504
8,917
9,143
9,927
10,471
11,085
11,472
11,698
12,420
12,522
12,432
13,022

19.1
18.9
18.4
17.4
17.1
16.6
16.7
16.3
16.1
15.4
15.0
14.8
14.4
14.0

Women
mean age
at
admission
(yr)
71.2
71.5
71.6
71.8
72.1
72.1
72.1
71.9
72.1
72.2
72.1
72.2
72.1
72.5

no of
discharges

7,064
7,382
7,868
8,445
9,113
9,501
10,143
10,348
10,849
11,308
11,548
12,015
11,936
12,944

mean
length of
stay
(days)
24.3
22.7
22.5
21.5
20.6
19.9
19.7
19.0
19.5
18.5
18.0
17.5
16.9
16.4

mean age
at
admission
(yr)
75.0
75.3
75.6
75.8
76.0
76.4
76.9
76.6
76.8
76.9
76.9
76.8
76.9
77.4

Source: SIG Health Care Information.

On average w o m e n were 4.5 years older than men. There was a marked and
steady increase in the age adjusted discharge rates for both men and w o m e n
(figure 1). From 1980 to 1993 the age adjusted discharge rates for heart failure
increased by 48% in men and by 40% in women. Analysis of age-specific
discharge rates showed that the rise in the number of discharges w a s more
pronounced in the older age groups (figure 2). The test of trend was significant
(p<0.05) in all age groups. In every age group the risk of hospital admission
was higher for men than for women.
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Figure 1. Age adjusted discharge rates for heart failure in men and women in the
Netherlands, 1980-1993. Source: SIG Health Care Information. The 'new' European
Standard Population was used as a standard.

In 1993 the mean length of hospital admission for patients with heart
failure was 14.0 days for men and 16.4 days for women. The length of hospital
stay declined steadily from 21.6 days in 1980 to 15.2 days in 1993. Slightly
longer hospital stays were observed with increasing age (table 2). In all age
groups w o m e n stayed longer in the hospital than men, on average 1.6 days.
During the study period the difference in length of stay between men and
w o m e n decreased.
15.3% of all patients with a principal discharge diagnosis of heart failure in
1993 died in the hospital. In-hospital mortality was strongly age related. After
stratification for age, in-hospital mortality for men was higher than for w o m e n
in all age groups (figure 3). During the study period age adjusted in-hospital
mortality decreased from 19.9% in 1980 to 15.5% in 1993 in men, and from
17.8% to 14.9% in women.

Heart failure in the Netherlands

79

2,500

•§ 1,000

-•

E

•

•

•-

<
500

H

1

1980

1 h
1983

1
h
1986

H
1989

1 1
1992

Year
2,500 -r

2,000 -o
o
o
o"
o
1,500 --

1,000
E

<
500

H
1980

1-

H
1983

1986

h
1989

H

1
1992

Year
Figure 2. Age-specific discharge rates for heart failure in men (upper panel) and women
(lower panel) in the Netherlands, 1980-1993. Age groups in years: •=55-64, »=65-74,
A=75-84, x=85 and over. Source: SIG Health Care Information.
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Figure 3. Age-specific in-hospital mortality for heart failure in 1993 in men and women.
Source: SIG Health Care Information.

Table 2. Length of stay (in days) in hospital for heart failure in the Netherlands by age and
gender in 1980, 1984, 1988 and 1993.
Year

1980
1984
1988
1993

\den age group in years
<60

60-80

80+

17.8
15.1
15.1
13.4

19.1
16.9
15.9
13.8

19.9
18.4
17.1
14.8

Source: SIG Health Care Information.

Women age group in years
<60
20.8
16.8
16.4
14.0

60-80

80+

24.2
20.3
19.2
16.0

25.1
21.7
20.1
17.1
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The survey conducted in seven hospitals for the years 1991 and 1992
yielded 3090 admissions with a first-listed discharge diagnosis of heart failure
in 2440 patients. This corresponds to a 6.3% sample of all hospital admissions
for heart failure in the Netherlands in that period. The inclusion of hospital
admissions with a discharge diagnosis of heart failure in any position would
have increased the number by 86% from 3090 to 5740. Within the two year
period 18% of the patients were admitted more than once and 5% more than
twice. The percentage of patients readmitted for heart failure within six
months after their first discharge was 14% (95% confidence interval (CI)
13% to 16%). Of all patients discharged (alive) after their first readmission 26%
(95% CI 21% to 30%) was readmitted within six months (figure 4), of all
patients with a second readmission it was 34% (95% CI 25% to 43%).

first readmission
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Time to readmission (months)
Figure 4. Separate curves (Kaplan-Meier) of the time to readmission for heart failure in
patients with one, two, and three previous hospital admissions for heart failure. Individual
data on 2,440 patients from a survey in seven hospitals during a two year period. Men and
women combined.
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DISCUSSION
This study shows a pronounced increase in age adjusted discharge rates for
heart failure for both men and w o m e n in the Netherlands during the past
14 years. Similar increases have been reported in the United States of America,
Sweden, and Scotland. 58 Compared with Scotland there was a difference in the
absolute rate (1990: 212/100,000 in Scotland versus 160/100,000 in the
Netherlands), but time trends were very similar. From 1980 to 1990 the crude
discharge rate in Scotland increased 6 3 % / compared to 57% in the Netherlands. Explanations for the discrepancy in absolute rate could be differences in
the age structure of the two countries, differences in admission policy,
differences in the place of heart failure among the list of discharge diagnoses,
and a true difference in prevalence of heart failure between the two countries.
We will discuss three possible explanations for the rise in age adjusted
discharge rates for heart failure. These are an increase in the incidence of heart
failure, the longer survival of heart failure patients, and changes in admission
policy and coding practice.
Increase in incidence of heart failure?
Hospital statistics can not be used as a measure of incidence of heart failure
per se, although an increase in incidence of heart failure in the general
population should eventually be reflected in higher hospital admission rates.
For an estimate of the prevalence and incidence of heart failure in the general
population other types of studies are needed.
The two main causes of heart failure in the western world are coronary
heart disease and hypertension. Mortality from coronary heart disease in the
Netherlands started to decline in the early seventies and continued to do so,
as in many other Western countries.
It is believed that this decline is caused
by a decrease in incidence as well as by improved survival of patients with
coronary heart disease. Data from the Framingham study suggest that one
third of the decline in coronary heart mortality was caused by a decline in
incidence and two thirds by a lower case fatality. ' If this scenario is true it
will eventually lead to an increase in the number of patients with chronic heart
disease, including heart failure. The recent, widespread use of thrombolysis
will probably further improve the survival after acute myocardial infarction,
but at the same time will increase the number of patients having an impaired
cardiac reserve/left ventricular function and who are therefore at a higher risk
of developing heart failure.
As in the United States there has been a decline in prevalence of hyper21

tension in the Netherlands during the last decades, making it an unlikely
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contributor to the suggested increase in incidence of heart failure. However,
from 1987 the percentage of people treated for hypertension has started to
decline in the Netherlands/ 2 unlike the United States of America where a
steady increase was observed over the past three decades. 23 The importance of
the control of hypertension in the prevention of heart failure remains
uncertain. Yusuf et al argued that the treatment of hypertension does not
prevent heart failure, but merely postpones its onset. 24
Longer survival of patients with heart failure?
During the past decade several advances have been m a d e in the treatment of
heart failure, most recently the introduction of angiotensin-converting
enzyme (ACE) inhibitors. Although a recent meta-analysis demonstrated an
impressive 23% reduction in mortality in trials of ACE inhibitors in heart
failure, the gain in life expectancy is measured in months rather than years. 26
Furthermore, because it takes time to translate observed benefits in clinical
trials to larger groups of heart failure patients, 27 ACE inhibitors are unlikely to
have had a substantial effect on survival during our study period. The
Framingham Heart Study for example did not find an improvement in
survival after the onset of heart failure in the period 1948-1988.3 Obviously,
this does not exclude that the possibility that increasing opportunities for
tailor-made treatment of patients with severe heart failure have resulted in an
increase in hospital admissions.
Changes in admission policy and coding practice?
The number of hospital admissions is directly influenced by changes in
admission policy and coding practice. Unfortunately, these changes are
difficult to quantify. The growing attention focused on heart failure by
physicians and the progress in the pharmacotherapy of heart failure could
have led to more patients, especially the elderly, being admitted to the
hospital. In addition, the more widespread use of echocardiography has m a d e
confirmation of heart failure in its earlier stages easier. Given the constraints
on the health care budget it is unlikely that those with the milder forms of
heart failure are admitted to hospital more often. Few studies have been done
to evaluate the quality of the coding process. A recent survey in the Netherlands indicated that 80% of the patients discharged with ICD code 428 (heart
failure) fulfilled the Framingham criteria for heart failure. 28
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Heart failure is characterised by long hospital admissions and frequent
readmissions. This a d d s to the importance of heart failure in terms of costs.
Despite a continuous decrease, the mean length of stay for heart failure is still
appreciably longer than for acute myocardial infarction (15.2 days compared
with 11.6 days in 1993).
Within a two year period 18% of the patients were admitted more than
once. The proportion of patients that returned to the hospital increased with
every n e w admission (figure 4). Our survey yielded a conservative estimate of
the number of readmissions in patients with heart failure. First of all,
readmissions to a different hospital could not be detected. Secondly,
admissions before our fixed time period (1991-1992) were not taken into
account. Therefore, admissions marked as a first admission in our survey
might really have been readmissions.
In conclusion, age adjusted discharge rates for heart failure in the Netherlands increased by 48% for men and by 40% for w o m e n in the period 1980 to
1993. Readmissions within a short period of time are a typical feature of heart
failure patients. In view of the expected rise in the number of persons above
the age of 65 years and the progress in medical care a further increase in the
number of hospital admissions for heart failure is likely. More efforts are
needed to prevent and delay the development of heart failure in high risk
patients, and more research is needed into the factors influencing the decision
to (re)admit patients with heart failure to hospital.
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ABSTRACT
Objective - To examine the relation between trends over time in mortality and
hospital morbidity caused by various cardiovascular diseases in the
Netherlands.
Design - Trend analysis by Poisson regression of national data on mortality
and hospital admissions from 1975 to 1995.
Patients - The Dutch population.
Results - All cardiovascular diseases combined were responsible for 39% of all
deaths and 16% of all hospital admissions in 1995. From 1975 to 1995, age
adjusted cardiovascular mortality declined by an annual change of -2.0%
(95% confidence interval (CI) -2.1% to -1.9%), while in the same period age
adjusted discharge rates increased annually by 1.3% (95% CI 1.1% to 1.5%).
Around 60% of the gain in life expectancy in this period was related to lower
cardiovascular mortality. For mortality, major reductions were seen in
coronary heart disease (annual change -2.9%) and in stroke (-2.1%), whereas
the increase in hospital admissions was mainly caused by chronic manifestations of coronary heart disease (5.1%), heart failure (2.1%), and diseases of
the arteries (1.8%). In recent years, the gap between men and w o m e n at risk of
dying from coronary heart disease became smaller for those aged <65 years.
Conclusions - Our findings of a decrease in cardiovascular mortality and an
increase in admission rates for chronic conditions such as heart failure, chronic
coronary syndromes, and diseases of the arteries, support the hypothesis that
the longer survival of m a n y patients with heart diseases is leading to a
growing pool of patients at increased risk for subsequent cardiovascular
complications in Western countries.
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INTRODUCTION
Cardiovascular diseases (CVD), including stroke and diseases of the arteries,
are the leading cause of death in many countries. 1 ' 3 Moreover, CVD in Western
countries are responsible for one fifth of all disability adjusted life years, a
measure that combines both years of life lost and years lived in disability
rather than in full health." In a recent report on the cost of diseases in the
Netherlands, CVD accounted for about 11% of all health care costs in 1994,
ranking second after mental disorders.
There has been a remarkable decline in mortality from coronary heart
disease over the past 20 years, a result of a decline in incidence as well as of a
longer survival among patients with coronary heart disease. Some
researchers have hypothesised that the longer survival of patients with
coronary heart disease will result in a growing pool of patients at high risk
from subsequent vascular events, and will lead to a higher prevalence of
chronic heart conditions.
In this report w e assess the present b u r d e n of CVD in terms of the number
of hospital admissions and deaths caused by these diseases. We also seek
circumstantial evidence for the above mentioned hypothesis by analysing
trends in mortality and morbidity caused by several CVD in the Netherlands
simultaneously. Trends were analysed according to age, sex, and calendar
year. Special attention was given to coronary heart disease, stroke, diseases of
the arteries, and heart failure.
METHODS
Data on the number of deaths in the Netherlands from 1975 to 1995 inclusive
were obtained from Statistics Netherlands in Voorburg. Mortality data were
grouped by five year age categories, sex, and primary cause of death. The 8th
version of the International Classification of Diseases (ICD) was used for the years
1975 to 1978 and the 9th version thereafter. The total group of CVD consisted
of all codes from group VII of the ICD classification (diseases of the circulatory
system), together with ICD codes identifying congenital anomalies of the
circulatory system (in ICD-8 codes 746 and 747; in ICD-9 codes 745-747). The
following diseases were analysed separately: coronary heart disease
(a combination of ICD codes 410-414), stroke (codes 430-438), and diseases of
arteries (codes 440-448).
The number of hospital admissions for CVD w a s derived from the central
database of hospital admissions in the Netherlands called the National
Medical Register. This database is maintained by SIG Health Care Infor-
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mation. In 1975, 83% of all hospital admissions in the Netherlands was
recorded in this database. Cover had grown to 95% in 1980, and was complete
from 1986 onwards. These percentages were used to estimate the yearly
number of hospital admissions for CVD in the Netherlands. Records contain
diagnosis at discharge, age and sex of the patient, length of stay, and status at
discharge (dead or alive). Multiple records from the same individual
(readmissions) cannot be identified. All diagnoses at discharge were coded
according to the Clinical Modification of the International Classification of Diseases
(ICD-CM). The switch from the 8th to the 9th version occurred in 1980. Only
admissions with a first listed (primary) discharge diagnosis of one of the CVD
were included in this study. Compared with mortality, one more condition
was analysed separately: heart failure (ICD-CM-8 codes 427.0, 427.1, and 402;
ICD-9-CM codes 428, 402, and 429.1). Furthermore, coronary heart disease was
divided into acute coronary syndromes (410 and 411) and chronic coronary
syndromes (412, 413, and 414).
In-hospital case fatality was defined as the proportion of admissions with a
discharge status of dead to the total number of admissions for a specific
disease. Age adjusted discharge and mortality rates were calculated by direct
standardisation to the European Standard Population using equal weighting
schemes for men and women. Life expectancies and lifetime probabilities of
dying from CVD were calculated using abridged, current life table techniques.
For the conversion of age-specific rates to probabilities of dying w e used
Chiang's method. Annual relative changes in mortality or discharge rates
were estimated by Poisson regression. ' The number of deaths or discharges
were used as response variables using the logarithm (In) of the population size
as the offset variable. Calendar year (continuous), sex, and five year age
groups (categorical) were used as explanatory variables. Pearson's % was used
to adjust the standard error of the estimates if overdispersion occurred.
For all Poisson trend analyses the GENMOD procedure (generalised linear
models) in SAS for Windows version 6.12 was used.

RESULTS
All CVD combined: present burden and trends
The total group of CVD was responsible for the deaths of 52,329 m e n and
w o m e n in 1995, which is equivalent to 39% of all deaths in the Netherlands
(table 1). All cancers combined caused 36,489 deaths in 1995, corresponding
to 27% of all deaths. Proportionate mortality by age for the main causes of
death is shown in figure 1.
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Table 1. Some major causes of death in the Netherlands, 1995.
Cause of death

Men

Women

Men and Women

Diseases of the circulatory
system +
Cancer
Diseases of the respiratory
system
Diseases of the digestive
system
Injury and poisoning
Other

25,635

38%

26,694

40%

52,329

39%

20,435
6,970

30%
10%

16,054
5,674

24%
8%

36,489
12,644

27%
9%

2,101

3%

2,943

4%

5,044

4%

3,033
10,062

4%
15%

2,140
13,934

3%
21%

5,173
23,996

4%
18%

All cause mortality

68,236

100%

67,439

100%

135,675

100%

Source: Statistics Netherlands.
t
including coronary heart disease, stroke, diseases of the arteries, and congenital heart
disease.

1 00%
Other
23,996
s

80%

Injury and poisoning
/ * 5,173
— • Digestive diseases
5,044
* Respiratory diseases
12,644
• Cancer
36,489

60%

o.
o

40%

20%
Cardiovascular disease
52,329

A g e g r o u p s (years)

Figure 1. Proportionate mortality by age in the Netherlands in 1995. Men and women
combined. Source: Statistics Netherlands.
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Figure 1 can be divided into four main segments, each linked with a
predominant cause of death: from birth to 5 years, perinatal conditions and
congenital diseases; from 5 to 34 years, injuries and suicide; from 35 to 64
years, cancer and to a lesser degree CVD; and 65 years and older, CVD and to
a lesser degree cancer.
Age adjusted mortality from all CVD in the Netherlands decreased steadily
from 419 per 100,000 in 1975 to 283 per 100,000 in 1995. In the same period, all
cause mortality dropped from 934 per 100,000 to 760 per 100,000. As a result,
life expectancy at birth for men in this period rose by 3.1 years to 74.6 years
in 1995, and for w o m e n by 2.7 years to 80.5 years. Fifty-four percent of the gain
in life expectancy for men and 63% for w o m e n could be explained by the
lower mortality from CVD.
In contrast to the decline in mortality with an annual change of -2.0%
(95% confidence interval (CI) -2.1% to -1.9%), there was a constant increase in
age adjusted discharge rates for CVD with an annual growth of 1.3%
(95% CI 1.1% to 1.5%). The absolute number of hospital admissions for CVD
nearly doubled from 142,522 in 1975 (10% of all hospital admissions in the
Netherlands) to 248,308 in 1995 (16% of all hospital admissions).
Time trends for different CVD
Figure 2 combines the trends in age adjusted mortality and discharge rates for
several CVD. For mortality, major reductions were seen for coronary heart
disease (annual change of -2.9%; 95% CI -3.0% to -2.8%) and stroke (-2.1%;
95% CI -2.3% to -2.0%), whereas mortality from arterial diseases remained
more or less stable (0.3%; 95% CI 0.0% to 0.6%). Although the relative decline
in mortality from coronary heart disease and stroke over the whole study
period was similar in magnitude, trends over time were different. During the
first half of the study period (1975 to 1985), the rate of decline was faster for
stroke (annual change of -3.0%; 95% CI -3.3% to -2.8%) than for coronary heart
disease (-2.3%; 95% CI -2.4% to -2.1%). During the second part of the study
period, coronary heart disease mortality continued to decline at an even
higher rate of -3.7% (95% CI -3.9% to -3.4%), whereas mortality from stroke
slowed d o w n with an annual relative change of -1.0% (95% CI -1.3% to -0.7%).
For hospital admissions, striking increases were seen in admissions for
coronary heart disease (annual growth of 2.6%; 95% CI 2.4% to 2.8%) with a
remarkable difference between acute syndromes (0.7% growth) and chronic
manifestations (5.1% annual growth), for heart failure (2.1% annual growth;
95% CI 2.0% to 2.3%), and for arterial diseases (1.8% annual growth;
95% CI 1.6% to 2.0%).
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Age adjusted hospital case fatality improved for all major CVD: hospital
case fatality for coronary heart disease declined from 12.7% in 1975 to 4.2%
in 1995, for stroke from 28.6% to 17.0%, and for arterial diseases from 9.4%
to 5.4%.
CVD: differences by sex and age
It we subject a hypothetical cohort of 100,000 men and 100,000 w o m e n to the
age-specific mortality risks of CVD as measured in 1995, eventually
38,569 men (lifetime probability of 0.39) and 40,761 w o m e n (lifetime probability of 0.41) will die from CVD. Although the lifetime probability of dying from
CVD is higher in w o m e n than in men, the age at which they die is very
different. Of all 40,761 w o m e n that would die from CVD, the mean age at
death would be 82.3 years, with 82% of these w o m e n dying after age 75. For
men the mean age at death would be 76.4 years, with 6 1 % dying after age 75.
The rate of decline in mortality from CVD varied among different age
groups. In general, the rate of decline was faster in younger age groups. For
instance, the relative decline in CVD mortality for those younger than 75 years
of age was -2.4% (95% CI -2.5% to -2.3%) compared with -1.8% (95% CI -1.9%
to -1.6%) for 75 years and older. The annual increase in discharge rates was in
general more pronounced in older age groups. The annual growth in the age
groups above 75 years was 2.0% (95% CI 1.9% to 2.1%) compared with 1.1%
annual growth (95% CI 0.9% to 1.4%) in the age groups younger than 75 years.
Generally, trends in mortality from different CVD showed similar patterns
among men and women. Only for mortality from diseases of the arteries were
trends in the opposite direction observed, with men having an annual increase
of 1.3% (95% CI 1.0% to 1.6%) and w o m e n an annual decline of -1.0%
(95% CI -1.3% to -0.6%). In recent years, different trends by sex and age were
observed for coronary heart disease mortality. Figure 3 presents the agespecific sex ratios for coronary heart disease mortality. The following
observations can be made. Firstly, in all age groups sex ratios were above 1,
indicating that men had a higher rate of mortality than women. Secondly, sex
ratios became smaller with increasing age. Thirdly, sex differences in the age
groups below 65 years of age were severely reduced in recent years, whereas
sex differences in the older age groups remained more or less stable.
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1975

95

1995

Figure 3. Age-specific sex ratios for coronary heart disease mortality from 1975 to 1995.
Age groups in years: »=35-44, A=45-54, x=55-64, »=65-74, •=75-84, +>85.
Source: Statistics Netherlands.

DISCUSSION
Our analysis showed that CVD are still the leading cause of death in the
Netherlands, despite a 30% decline in age adjusted mortality during the past
20 years. Based on the death rates observed in 1995, the lifetime probability of
dying from CVD is 40% for both m e n and women, although the mean age at
which they die is higher in w o m e n than in men. The combined analysis of
trends in mortality and morbidity caused by different CVD in the Netherlands
revealed an ongoing decline in mortality from CVD, but a continuous increase
in the number of hospital admissions for these diseases. It has been hypothesised that the link between the decrease in mortality and the increase in
admission rates is the longer survival of patients with CVD, particularly those
patients w h o have had an acute myocardial infarction. The longer survival
of heart patients will lead to a growing pool of individuals at high risk for
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subsequent events or diseases, such as recurrent coronary artery stenosis,
stroke or congestive heart failure. Before looking at our results to see if they
support this hypothesis, w e will first review the literature for the evidence of a
longer survival of patients with coronary heart disease.
Decline in mortality from coronary heart disease: lower incidence and longer
survival
Several studies have tried to determine how much of the decline in mortality
from coronary heart disease has been caused by a lower incidence of coronary
heart disease (primary prevention) and how much by a longer survival
(secondary prevention, improvements in medical care).6"9' 2° Estimates of the
importance of a lower incidence varied between 30% and 80% for the different
studies analysing the decline in mortality in the 1970s and '80s.6'7' 2° Important
lifestyle factors that have led to a lower incidence are a reduction in the
n u m b e r of people w h o smoke, the treatment of hypertension, and a reduction
in the prevalence of hypercholesterolaemia. Studies focusing on the more
recent decline in coronary heart disease point to a longer survival among
patients with established (coronary) heart disease as an important factor in the
continuing decline in mortality. ' The following factors were specifically
mentioned: coronary bypass surgery, coronary angioplasty, thrombolysis in
acute coronary syndromes and the secondary medical prevention in patients
with myocardial infarction (antiplatelet agents, anticoagulants and ß blockers)
to prevent vascular events.
Several findings from our study also indicate a longer survival among
patients with coronary heart disease, especially in recent years. Firstly, there
was a substantial decline in hospital case fatality for many CVD, especially for
coronary heart disease. Secondly, time trends for recent years (from the mid1980s) were different for various CVD. The annual relative decline in mortality
from coronary heart disease increased even further, whereas the decline in
mortality from stroke and diseases of the arteries slowed down.
Longer survival but more patients with chronic conditions
It has been hypothesised that the longer survival of patients with coronary
heart disease will lead to a growing group of patients at high risk from
subsequent vascular events, causing an increase in the prevalence of chronic
conditions. The remarkable growth in the number of hospital admissions for
CVD and the type of diseases responsible for this increase are in line with this
hypothesis. Major increases were seen for congestive heart failure, chronic
coronary syndromes, and arterial diseases (figure 2). In the interpretation of
the increase in hospital admissions it is important to recognise that multiple
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admissions of the same patient cannot be determined. In the case of chronic
conditions like heart failure and arterial diseases, readmissions might be
frequent. What proportion of the increase in hospital admissions is related to
readmissions and h o w much to 'new' patients remains unclear. We have
already demonstrated that in heart failure patients multiple readmissions
within a short period of time are common. An additional factor in the rise of
the number of admissions for coronary heart disease is the intensive use of
diagnostic and therapeutic procedures in patients with coronary syndromes.
Differences in time trends for mortality from coronary heart disease between men
and women
A significant finding of this study is that the gap between men and w o m e n at
risk of dying from coronary heart disease has become smaller in recent years
for those aged 65 years and younger (figure 3). The reasons for this are not
clear, but might be related to men having more benefit from recent advances
in medical care or w o m e n adopting more unfavourable lifestyles. Several
studies have demonstrated that w o m e n with coronary heart disease are
treated differently from men. " These differences include a lower use of
invasive diagnostic testing in women, lower rates of revascularisation in
women, and less likelihood of w o m e n being discharged with aspirin and
ß blocking agents. The fact that w o m e n with myocardial infarction are in
general older and have more traditional risk factors such as hypertension,
diabetes mellitus, and congestive heart failure than men at the time of
admission, could not fully explain the lower use of thrombolysis in women.
Strengths and limitations of the study
This w a s a descriptive study, analysing only temporal relations in data from
two national registries. The validity of this study depends strongly on the
accuracy of the primary cause of death or the primary diagnosis at discharge.
For mortality, discrepancies have been found between the judgement of
physicians and subsequent findings at necropsy, and between physicians
coding identical cases for research purposes.
The use of broad categories of
diseases, as has been done in this study, is known to lead to fewer discrepan•>9 30
cies than analysing single disorders.
The use of hospital statistics data is limited by the inability to identify
multiple admissions of the same patient. Furthermore, the number of hospital
admissions is affected by changes in admission policy and by improvements
in diagnostic capabilities. The significance of these factors will vary with the
disease under study. They will be of minor importance for diseases like acute
myocardial infarction, in which nearly all patients are hospitalised, but

97

98

Chapter 5

become more important for diseases like stroke (introduction of computed
tomography) and heart failure (coding problems and admission policy). The
lower hospital case fatality could have been influenced by more admissions
for milder forms, by more frequent readmissions, and by more admissions for
diagnostic purposes.
This study underlines the dynamic and complex interactions that exist
between morbidity and mortality caused by different CVD. Studies with a
limited time of follow u p or trials dealing with selected patients will reveal
only part of the total picture important from a public health point of view.
More attention needs to be given to the exact benefits, both short and long
term, of new additions to the treatment of heart patients and to differences in
medical care and outcomes between men and women. The shift from acute
and fatal to more chronic conditions should lead to more attention being
focused on the reasons for and prevention of readmissions in patients with
chronic disorders.
To summarise, CVD are still the leading cause of death among men and
w o m e n in the Netherlands, despite a major decline in age adjusted mortality
of more than 30% in both men and women. This decline w a s the major reason
behind the gain in life expectancy. In the same period that mortality declined,
the number of hospital admissions for CVD rose steadily. This increase was
mainly caused by diseases related to non-acute syndromes of coronary heart
disease, heart failure, and arterial diseases. These findings support the
hypothesis that improvements in medical care have resulted in a longer
survival of many heart disease patients, and led to a growing prevalence of
patients with chronic cardiovascular conditions. These growing numbers of
patients, coupled with the increased aging of many European populations,
will increase the strain on forthcoming health care budgets even further. The
reduced difference in mortality from coronary heart disease between men and
women aged 65 years and younger might suggest that men have had more
benefit from the recent improvements in medical care than women.
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INTRODUCTION

The purpose of record linkage is to identify records that correspond to the
same individual without the help of a unique identification number. These
records have either been recorded in two different files, or in the same file but
at different times. In the absence of a unique and shared identification
number, other personal characteristics are needed to identify records that
belong to the same individual. The universal principle of record linkage is that
a group of partially identifying variables, each weak on their own, can become
a powerful discriminating system w h e n considered together.1"8 Some
frequently used variables in record linkage are gender, date of birth, surname
and area code.
The rationale of medical record linkage is that two or more items of
information about an entity (most often an individual) are of greater value
when considered together than either alone. The first publication mentioning
the use of record linkage in medicine can be traced back as far as 1946.9"" In the
majority of medical studies, record linkage has been used to create individual
follow-up information. Records from a file containing 'exposure or population
defining' data are linked to a file holding 'outcome events'. An illustrative
example of such a study w a s published in 1994.12 This study was carried out in
response to concern for the increased risk of testicle cancer in m e n w h o had
undergone vasectomy. Records of m e n having had vasectomy were derived
from the national hospital register. These records were subsequently linked to
records from the national cancer register to examine their risk of testicle
cancer. Long-term and costly prospective cohort studies could be avoided by
the use of existing data sources and record linkage techniques to combine
them. N o excess risk of testicle cancer w a s found. Record linkage has further
been used in the reconstruction of an episode-based register into a personbased register, in the maintenance of disease registers to prevent or recognise
double entries, in determining outcome events in clinical trials, 15 in studying
adverse events after vaccination, and to detect possible side-effects of d r u g s
in pharmaco-epidemiological studies.
One of the factors explaining the growing interest in record linkage is the
increasing number of registers that collect information about all kinds of
activities within the health care setting. 4 Combining information from several
registers or using registers to start new research can be an attractive and
efficient research option. However, the absence of a national health care
identification number in most countries, with the notable exception of
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Scandinavian countries, ' implies that researchers turn to medical record
linkage techniques to combine information from several sources.
This chapter aims to provide a basic understanding of the theory of record
linkage. The general principles of record linkage are introduced in section 6.2
and the different steps of a record linkage operation are described in section
6.3. The crucial steps of calculating weights and establishing threshold values
are reviewed in more detail in section 6.4. Section 6.5 illustrates the similarity
between the problem in medical record linkage and that in medical diagnosis.
Some concluding remarks and remaining difficulties are discussed in the final
section.
6.2

PRINCIPLES OF MEDICAL RECORD LINKAGE

General description
We start with a description of a typical record linkage operation. Suppose,
there are two files A and B, each file consisting of observations (records)
relating to a person. The purpose is to identify (link) the records in each file
that correspond to the same person. There is no unique and shared
identification number that would make the linkage operation trivial. The
personal variables that both files have in common can be used in the linkage
operation. The three lines in file A and B in figure 1 represent these so-called
linking variables. Each record in A is compared with each record in B yielding
a large number of possible record combinations to be evaluated. The total
n u m b e r of record pairs is the product of both file sizes (N„ x NB; figure 1). The
record linkage operation attempts to classify each pair as belonging to the
same individual (link) or belonging to different individuals (non-link). Two
types of errors can be m a d e (figure 2). First, records have been linked together
but do not belong to the same person (false link). Second, two records have
been judged unrelated by the linkage operation, but in reality these records
belong to the same person (false non-link). Link and non-link refer to the
classification m a d e during the linkage operation, whereas the true status of a
pair is k n o w n as match and non-match, if two records belong to the same
individual or to different individuals, respectively. The outcome of a linkage
operation can be summarised in a 2 by 2 table (figure 2).
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Files

File A

Total number of possible
combinations of records
(pairs) equals N,, x N B

Figure 1. The concept of pairs of records in record linkage.

True status

Same individual
(match)

Links

Different individuals
(non-match)

True links

False links

a

b

a+b

Linkage
outcome
Non-links

False non-links

True non-links

c

d

b+d

Figure 2. The outcome of a linkage operation.

c+d

a+b+c+d=
total no. of pairs
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Causes of error in record linkage
In the section above, w e introduced the two types of errors that can be m a d e
during record linkage: false links and false non-links. These errors are caused
21 22

by different mechanisms.
False links may occur if the number of linking variables is too small or if
the variables have too little discriminating power. The consequence is that
different persons have identical values on their linking variables. These
records cannot be distinguished during record linkage and will erroneously be
classified as links. Discriminating power is closely related to the concept of
23

administrative identification. ' In administrative identification the central
problem is: how many different variables have to be recorded in order to keep
the number persons having a similar composite code below a desirable level?
Further details on the concept of discriminating power can be found in
appendix I.
There are several reasons w h y two related records (match) are not linked
by the linkage operation, a false non-link. The most common cause is the
presence of error in one or more linking variables. Recording errors are
invariably present in large registers, which are often used in record linkage.
The amount of error varies widely between files and variables, but errors up to
5% per variable have been reported. Other potential causes of not identifying
two related records are the presence of missing values on linking variables or
true changes in the values of variables that can change over time, like area
code, physician etc.
Clerical review in record linkage
The examples in table 1 may illustrate the type of reasoning that takes place
when trying to classify pairs as links or non-links. In example I, all linking
variables agree and the probability that there is another m a n with such high
age, living in the same area code is remote. These records most likely refer to
the same person.
In example II, there are marked differences on the variables day of birth,
year of birth and postal code making it unlikely that these records belong to
the same person, despite the identical surname.
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Table 1. Clerical review of pairs of records.
Surname

Birth year

Birth month

Birth day

Gender

Postal code

Example 1
Anderson
Anderson

1899
1899

12
12

07
07

I
I

3513
3513

Example II
Anderson
Anderson

1930
1914

10
10

26
26

I
I

3641
3537

Example III
Anderson
Andersen

1925
1925

10
08

10
08

I
I

2812
2812

Example III is more complicated. There are several differences between
corresponding linking variables, which suggest that this pair is unrelated.
Closer inspection, however, reveals that an erroneous transposition of day and
month could be the reason for the difference in the date of birth. Furthermore,
the difference in surname could be explained by alternative spelling. In other
words, the two records are rather different from a logical point of view but
quite similar from a contextual point of view.
These three examples show that the h u m a n mind is very capable of judging
whether two records may relate to the same person, even if the difference at
first glance is large (see example III). It quickly recognises patterns of partial
agreement and error, thereby incorporating its knowledge about alternative
spelling, missing values and about all sorts of error. These versatile qualities
are not easily translated into a set of computer instructions. The primary
reasons, though, to perform linkage by computer are its speed and
perseverance in routine work. These computer qualities are significant given
the large number of possible combinations that has to be evaluated, even in a
linkage operation involving two files of moderate sizes.
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Based on our knowledge of discriminating power and the fact that linking
variables m a y contain errors, w e make the following statements about linkage
2

strategies:
• The rule that all linking variables need to be in perfect agreement leads to
a significant loss in the number of matches identified if errors are present.
• The rule to simply count the number of linking variables that agree is
inefficient, because some variables have more discriminating power than
others. Agreement through chance is less likely to occur for a variable with
m a n y possible values (like birth year) compared to a variable with only a
limited number of values (like gender). Consequently, the evidence in
favour of a match in case of agreement is higher for variables with more
possible values (see also appendix I).
• For a particular linking variable, the amount of evidence in favour of a
match provided by an agreement may vary depending on the value of that
variable. For example, agreement on a strange (curious) n a m e is less likely
to occur by chance than agreement on a very common n a m e (see also
appendix II).
• The amount of evidence against a match if a corresponding variable
disagrees m a y vary among different variables. Some linking variables are
more prone to error or change than others and, consequently,
disagreements among matches are more likely to occur in such variables.
The next section describes the w a y in which these statements are built into
computerised linkage strategies.
6.3

STEPS IN A COMPUTERISED LINKAGE STRATEGY

The linkage operation as a whole can be divided into five steps:
1. Pre-processing of files and variables
2. Comparison of corresponding values
3. Calculation of weights
4. Classification of pairs
5. Post-linkage activities
We briefly describe these five steps, paying particular attention to the crucial
step of the calculation of weights. In this step a quantitative measure is
calculated, summarising the evidence in favour of and against a match.
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1.
Pre-processing offiles and variables
This step consists of the preparations that have to be m a d e before the actual
comparison can take place. The pre-processing step ensures that
corresponding variables from different files are standardised and formatted in
the same manner. This step raises the quality of the subsequent comparison
step. Especially, the standardisation of names and addresses has received
24

much attention.
2.
Comparison of corresponding values
In the comparison step, the actual values on corresponding variables within
each pair are compared and an outcome is assigned. In its simplest form, the
comparison has two outcomes: corresponding values either agree or disagree.
Although more refined patterns of outcomes can have their virtues (see
appendix II), w e will only consider the simplest form of agreement.
3.
Calculation of weights
Weights are assigned to each of two possible outcomes derived from the
comparison step. These weights should reflect the amount of evidence that
was gained by either observing agreement or disagreement on that particular
variable. A natural w a y of expressing this information is by comparing the
conditional probability of agreement or disagreement among pairs that truly
belong to the same individual (matches) with the probability of observing the
same outcome among pairs that are truly unrelated (non-matches).
The weight if two values on a corresponding variable agree, is defined by:
agreement weight = log

Pr(variable agrees I matches
Pr(variable agrees I non - matches)

(1)

Different weights are calculated for each variable, acknowledging the fact that
some variables provide more information than others. Logs are taken only for
computational reasons. We will calculate weights for two different variables
(gender and birth month) to illustrate this point. If for a given pair the variable
gender agrees, the associated weight is given by:
weight = log

Pr(gender agrees I matches)
Pr(gender agrees I non - matches)

If the number of recording errors for gender is negligible, the probability of
agreement among matches will be close to 1. The probability of gender being
the same in two unrelated records corresponds to the probability of agreement
by chance. If the numbers of men and w o m e n in the two files to be linked are
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roughly the same, this probability will be close to 1/2. This leads to the
following weight if gender agrees:
f

weight = 2 log

1A 2
= log2 = l
1/2

The variable birth month can be analysed in the same way. The probability of
identical birth month among matches will again be close to 1, if error rates are
low. The probability of agreement by chance would be close to 1/12. The
weight assigned to pairs in which birth months agree equals:
weight = log

1
= ' l o g l 2 = 3.58
1/12

A higher weight is assigned to birth month in case of agreement than to
gender, as birth month has more possible values (more discriminating power)
than gender, meaning that agreement through chance occurs less frequently.
Weights in case of disagreement are calculated in a similar way. Weights are
then given by:
disagreement weight = 2 log

Pr(variable disagrees I matches)
Pr(variable disagrees I non - matches)

(2)

The numerator is directly related to the error rate associated with that
variable, whereas the denominator is again related to the probability of chance
agreement, as Pr(variable disagrees I non-matches)=l-Pr(variable agrees I nonmatches). The error rate is invariably smaller than the chance of disagreement
among unrelated pairs, leading to fraction that is below 1 and a negative log
value (weight). The following two situations may illustrate the concept of
weight in case of disagreement. If the keypunch error rate for gender is low,
for instance 1 in 3000, the weight associated with disagreement is given by:
weight = 2 log

Pr(gender disagrees I matches)
= 2 l o g f » ] =-10.55
1 - Pr(variable agrees I non - matches) J
2

11 - V J

If errors occur more frequently during the recording of birth month, for
instance 1 in 100, then disagreement will yield the following weight:
weight = 2 log

(
Pr(birth month disagrees I matches)
1/100 ^
= 2 log
= -6.52
1 - Pr(birth month agrees I non - matches)
1-1/12
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Disagreement on gender provides more information in deciding that two
records are unrelated than disagreement on birth month, because errors occur
less frequently. Consequently, the weight is more negative compared to a
variable more prone to errors.
At the end, the weights of individual variables are summarised into an
overall weight. Under the assumption of statistical independence, this overall
weight is simply the sum of the individual weights, because of the log
transformation. More information on calculating individual weights and
summarising them into an overall weight will be given in the next section.
4.
Classification of pairs
The overall weight of a pair is a reflection of the overall likelihood of a pair
belonging to the same individual after observing a pattern of agreements and
disagreements. The higher the overall weight, the more likely a pair belongs to
the same person; the more negative the weight, the more evidence that they
belong to different persons. Further details on the determination of threshold
values above and below pairs will be treated as links and non-links will be
given in the next section.
5.
Post-linkage activities
A sample of linked and non-linked pairs of records can be examined for
possible inconsistencies. If major inconsistencies are found, the original
linkage strategy can be refined or adjusted. If possible, the true status of a
subset of links and non-links can be determined by using additional
information and clerical review.
The resulting file of linked records combining the critical information of the
two files can n o w be used to answer the present research question.
Here ends the general introduction to the main principles of record linkage.
The following sections are more technical in nature and illustrate how these
principles are applied in different situations. In section 6.4, w e take a closer
look at the estimation of weights and the determination of threshold values in
situations with and without a validated sample.
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CALCULATION OF WEIGHTS AND ESTABLISHING THRESHOLD
VALUES

In the previous sections w e introduced the general principles of record
linkage. We explained the origin of the two types of error that can be m a d e
during record linkage and introduced the concept of weight. This section takes
a closer look at the crucial steps of calculating weights and establishing
threshold values.
Terminology
We will start by rephrasing the problem of record linkage in more technical
terms. ' ' There are two files A and B, in which w e want to identify those
observations that correspond to the same person. From all possible pairs of A
and B (NA x N B ), w e can define two disjoint sets M and U. A pair of records (r)
is a member of M (matched) if the two records are truly related to the same
person. Otherwise, it is member of If (unmatched). The k variables in common
can be used in the linking process, acknowledging the fact that variables
contain error. If corresponding values on variable i agree, it is denoted by
Yj = 1, and if they disagree by y, = 0 for i - l,...,k. Let m{ - Pr(y, = 1 I r e M) and
ui = Pr(y, = 1 I r e If). If for a given pair variable i agrees, the associated weight
is given by:
\
m
roj=2log
(3)
and if variable i disagrees, the weight becomes:
Wj= log

1-m,

(4)

To calculate the weights associated with agreement and disagreement, the
crucial probabilities m, and ut need to be calculated. In general, there are two
approaches. In the first approach, the true status of a sample of pairs is
determined either through clerical review or by obtaining additional
information. Such a validated sample is also k n o w n as a training set. The
weights associated with agreement and disagreement for different variables
can then directly be computed, once the true status of a sample of pairs is
known. In the other approach, the need for a validated sample is
circumvented by using the observed patterns of agreements and
disagreements in all record pairs to estimate m, and w,-. We will illustrate both
approaches.
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Validated sample or training set available
We will use the following simplified example to illustrate the principles of
calculating weights, arranging them into an overall weight, and establishing
cut-off values if a validated sample of pairs is available. The two files to b e
linked have four variables in common: surname, gender, area code and birth
year. The probabilities associated with agreement among matches and nonmatches, as observed in the validated sample, are given in table 2.
All record pairs can n o w be classified into one of sixteen (2 with k = 4)
possible patterns of agreements and disagreements of the linking variables
(see table 3). Let yp = (YUY^—'YI)
be the vector of ones (agreements) a n d zeros
(disagreements) of pattern p on variables i = \,...,k, for p = 1,...,2 . The
associated probabilities are calculated assuming independence between
variables. For instance, the probability for observing outcome pattern p — 7
(different surname, same gender, different area code, same birth year) under
true matches (M) is calculated b y 0.1*0.95*0.26*0.9=0.0222, based on the
probabilities of table 2. Likewise, the probability of observing the same
outcome among unrelated pairs (U) equals 0.94*0.5*0.75*0.2=0.0705.

Table 2. Probabilities of agreement among matches (M) and non-matches (U) and weights
associated with agreement and disagreement.
Variable i

Surname
Gender
Area code
Birth year

Probability of
agreement
among W(m-'

0.9
0.95
0.74
0.9

Probability of
agreement
among U(u{)

0.06
0.5
0.25
0.2

wi in case of
agreement

Tog
3.91
0.93
1.57
2.17

til;

wt in case of
disagreement

Tog

1 — Ttlj

1-w.

-3.23
-3.32
-1.53
-3.00
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Table 3. The 16 possible patterns of agreement and disagreement, their probabilities under
matches and non-matches, and the overall weight associated with each pattern.
p

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Comparison
vector yv

(0,0,0,0)
(0,0,0,1)
(0,0,1,0)
(0,1,0,0)
(1,0,0,0)
(0,0,1,1)
(0,1,0,1)
(1,0,0,1)
(0,1,1,0)
(1,0,1,0)
(1,1,0,0)
(0,1,1,1)
(1,0,1,1)
(1,1,0,1)
(1,1,1,0)
(1,1,1,1)

Probability under M
Pr(y p I M)

0.0001
0.0012
0.0004
0.0025
0.0012
0.0033
0.0222
0.0105
0.0070
0.0033
0.0222
0.0633
0.0300
0.2001
0.0633
0.5694

Probability under U
Pr(y'' I u)

0.2820
0.0705
0.0940
0.2820
0.0180
0.0235
0.0705
0.0045
0.0940
0.0060
0.0180
0.0235
0.0015
0.0045
0.0060
0.0015

Overall weight
' P r ( y p \My
2
log
{VT(YP \U)j
-11.08
-5.91
-7.99
-6.84
-3.94
-2.82
-1.67
1.23
-3.74
-0.85
0.30
1.43
4.32
5.47
3.40
8.57

The overall weight is the log of the ratio of the probability of observing the
pattern of agreements and disagreements (comparison vector yp) under M to
the probability of the same pattern under U. If these probabilities are similar,
then this set of outcomes has no discriminating power, and consequently the
associated weight will be zero. In other words, the overall weight is a measure
of information for discriminating between M and U, which was gained by
observing a particular pattern of outcomes. The overall weight can also be
derived from summing the individual weights of variables. For instance, the
individual weights for vector y14 are 3.91 for agreement on name, 0.93 for the
same gender, -1.53 for disagreement on area code and 2.17 for identical birth
year, adding up to an overall weight of 5.48, which is identical to the weight
provided in table 3 except for a small difference due to rounding.
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Establishing threshold values
The overall weight can be used as a test statistic for discriminating between M
(a pair of records belonging to the same individual) and U (records belonging
to different individuals). In table 4 w e have sorted the outcomes by the overall
weight. In addition, w e calculated the cumulative probability of observing
outcomes with a certain weight or below under M and under U.
There are two tests of interest. First, w e consider the test of M against U. A cutoff value of the overall weight (the test statistic) is chosen in such a w a y that if
the cumulative probability of observing yr is below a certain significance
level w e reject M. In the same way, w e can perform a test of U against M with
a significance level of beta. If the cumulative probability of observing yp
under U is below beta, w e reject U. It w e choose both alpha and beta to be 0.05,
we would classify pairs in this example with a overall weight of -0.85 or lower
as non-links, and pairs with weights with 1.23 or higher as links. Pairs falling
between those cut-off values (in this example pattern 1,1,0,0) would be
considered as unresolved links, and could be subjected to clerical review.

Table 4. The sixteen possible outcome patterns sorted by their overall weight, and the
cumulative probabilities under matches and non-matches.
Comparison
vector yv

Overall weight

(0,0,0,0)
(0,0,1,0)
(0,1,0,0)
(0,0,0,1)
(1,0,0,0)
(0,1,1,0)
(0,0,1,1)
(0,1,0,1)
(1,0,1,0)
(1,1,0,0)
(1,0,0,1)
(0,1,1,1)
(1,1,1,0)
(1,0,1,1)
(1,1,0,1)
(1,1,1,1)

-11.08
-7.99
-6.84
-5.91
-3.94
-3.74
-2.82
-1.67
-0.85
0.30

*
(!>,)

1.43
3.40
4.32
5.47
8.57

Probability
under M

Cumulative
probability
under M

Probability
under U

Cumulative
probability
under U

0.0001
0.0004
0.0025
0.0012
0.0012
0.0070
0.0033
0.0222
0.0033
0.0222
0.0105
0.0633
0.0633
0.0300
0.2001
0.5694

0.0001
0.0005
0.0030
0.0041
0.0053
0.0123
0.0157
0.0379
0.0412
0.0635
0.0740
0.1373
0.2005
0.2305
0.4306
1

0.2820
0.0940
0.2820
0.0705
0.0180
0.0940
0.0235
0.0705
0.0060
0.0180
0.0045
0.0235
0.0060
0.0015
0.0045
0.0015

1
0.7180
0.6240
0.3420
0.2715
0.2535
0.1595
0.1360
0.0655
0.0595
0^0370
0.0135
0.0075
0.0060
0.0015
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Simulation example
To check our calculations and to illustrate the use of threshold values, w e
performed a simulation study. We generated 5,000 pairs of records of which
500 were true matches. The pattern of agreement and disagreement on the
four corresponding linking variables were simulated using the probabilities
given in table 5 assuming a binomial distribution. We assigned individual
weights to the generated pattern of agreements and disagreements of all 5,000
pairs. The overall weight w a s calculated by adding u p the individual weights,
assuming statistical independence between linking variables. Using the
thresholds established above, w e considered pairs with a total weight of -0.85
or less as non-links and pairs with a total weight of 1.23 or more as links. Pairs
between these weights were labelled as indecisive. The results of the
simulation study are given in table 5.
We wanted the probability of non-links among true matches, the alpha
probability, to be 0.05. The observed probability in our simulated sample
equals 25/500=0.05, if we ignore the number of indecisive pairs. At the same
time, w e wanted the probability of assigning unmatched pairs erroneously as
links also to be 0.05. The observed probability equals 193/4,500=0.043. Hence,
these results are in line with our prior calculations.
Using table 5 w e can see that the number of false links among all 660 pairs
assigned as links was 193 (29%). This relatively high number false links,
despite a beta of 0.05, is a consequence of the large number of unmatched pairs
among all possible pairs in a linkage operation (see also next paragraph). One
way to reduce the number of false links is to increase the upper threshold
value (a weight above 1.23) before declaring pairs as links. As a consequence,
the number of indecisive pairs will increase, if the lower threshold remains the
same.

Table 5. Outcome of a linkage operation on a simulated set of record pairs based on the
probabilities of table 1 and using -0.85 and 1.23 as threshold values.
True status

Linkage outcome

Links
Indecisive
Non-links

Matched

Unmatched

467
8
25

193
113
4,194

660
121
4,219

500

4,500

5,000
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Without a validated sample
The distributions of values for a specific variable can differ significantly
between linkage operations, despite the variable being the same (for instance
gender). A different distribution means that the probability of a chance
agreement (related to ut) will be different from one linkage situation to the
other. In addition, the amount of error (related to ml ) in a particular variable
can vary between linkage operations. This implies that weights that have been
estimated for a particular variable in one situation can not automatically be
used for the same variable in another linkage operation involving two other
files. This means that weights have to be recalculated in each linkage
operation. To bypass the time and money consuming process of reviewing a
sample of record pairs to determine their true status, investigators have tried
to perform record linkage without a validated sample. '
An estimate of the probability that a variable agrees among non-matches
(u,-) can be obtained by ignoring the contribution of true matches among all
record pairs and only considering chance agreement. This assumption will
generally hold because the number of true matches is small compared to the
total number of pairs. For two files with equal file size F and with a proportion
of true matches of n, the size of M would be equal to n x Fand the size of U
equal to F2 -nxF. Consequently, estimates of the ut probabilities can be
calculated from a sample of pairs or directly from the marginal distribution in
the two files.
An estimate of the probability that a variable agrees among matches (m, ) is
more cumbersome, because it requires a priori knowledge of correctly linked
pairs. If no validated sample is available the true state of each pair remains
unknown, but estimates of m, can be obtained by analysing the observed
patterns of agreements and disagreements among all pairs. If the outcomes of
the comparisons are independent between variables, the total log likelihood
can be written as:

^niynllodnflmjHl-m.y-^+il-^llufil-u,)1-^
V

{

V i=l

(5)
i=l

J)

in which TC is the proportion of true matches among all possible record
combinations, n(yp) the number of record pairs with pattern yp, yT is the
outcome of the comparison of variable i in pattern p, for i = l,...,k and p 1,..,2'
The first part of the log likelihood stems from those pairs that are true
matches (71) which either agree (m ; ) or disagree ( l - m ; ) on i = l,...,k linking
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variables. By comparison, the contribution of non-matches (1 - n) is reflected
in the second part of equation (5). Non-matched pairs contribute u, if they
agree on a linking variable and 1 - u, if they disagree.
The n u m b e r of parameters to be estimated equals 2xk + l, namely k mi
parameters and k u% parameters and one prevalence parameter (TC). If the
observations are independent between tests, there are 2* possible combinations
of results (if w e restrict our attention to binary outcomes) for each subject. The
total number of degrees of freedom therefore is 2 - 1 . If k linking variables are
present there are 2 - 1 degrees of freedom for estimating 2xk + l parameters.
Therefore, the likelihood (without functional constraints) is overparameterised
for k less than three. For k greater than three the m a x i m u m likelihood can be
evaluated numerically. The EM algorithm has been suggested to estimate the
parameters of equation (5). This algorithm involves two steps. The
information on the true status of record pairs is considered as missing data.
These data are 'reconstructed' in the expectation step (E-step). In the
maximisation step (M-step), the m a x i m u m likelihood estimates are computed
from the reconstructed data. These values are then used to calculate improved
estimates of the true status, and the process is iterated until convergence
occurs.
6.5

SIMILARITY BETWEEN THE BASIC PROBLEM IN MEDICAL RECORD
LINKAGE AND IN MEDICAL DIAGNOSIS

The central issue in medical record linkage and in medical diagnosis is
classification. ' The aim in record linkage is to determine whether two records
belong to the same person or to different persons and in medical diagnosis
whether a patient has a particular disease or not. Because of the similarity of
the two (dichotomous) classification problems, authors have presented the
outcome of a linkage operation in the same w a y as the results of diagnostic
tests by w a y of the familiar 2 by 2 table (figure 2). Only the unit of observation
differs, being a single patient in medical diagnosis and a pair of records in
record linkage.
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Table 6. Analogy between the problem in medical record linkage and medical diagnosis.
Characteristic

Medical diagnosis

Medical record linkage

Unit of study

Single patient

One pair of records

Disease present or absent

Belonging to the same person
or to different persons

Types of error in
classification

False positive and false
negative diagnosis

False links and false non-links

Information used in
classification

Outcome of one or more
diagnostic tests

Outcome of the comparison of
values on corresponding
variables

Classification problem

We would like to take the comparison with medical diagnosis one step further
and illustrate that the information, on which the classification is based, can be
analysed in a similar manner. The characteristics of a patient and his or her
test results are used to make a correct classification in medical diagnosis,
whereas the comparison of values from corresponding variables is the basis of
classifying pairs of records in medical record linkage. We can now rephrase
the problem in record linkage and in medical diagnosis as 'the goal is to
classify an observation (one patient; one pair of records) into one of two
mutually exclusive classes (disease present or absent; belonging to the same
person or different persons) using information (test results; corresponding
linking variables) which is imperfect'. Table 6 and figure 3 provide a general
framework for the analogy between diagnostic studies and medical record
linkage, on which w e will elaborate.
Measures of information in record linkage and medical diagnosis
As discussed before, weights are calculated in record linkage to measure the
contribution of each variable to the probability of making a correct
classification. If we consider only two levels of agreement (corresponding
values either agree or disagree), w e can define two weights. If corresponding
f

\

values agree, the weight is given by iü;= 2 log

m

values disagree, the weight becomesw,= 2 log

\ — m.
, in which
1-w i J

m,

, and if two corresponding

Pr( var i agrees I matches ) and «,. = Pr( var i agrees I non -matches).
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In medical diagnosis the results of one or more tests are used to discriminate
between the presence and absence of a disease. The properties of a test, in the
case of dichotomous test results, are usually expressed by parameters as
sensitivity, specificity and likelihood ratios. These measures are defined as
follows. The true status of a person is given by D = 1, if the person has the
disease or D = 0 if the disease is absent. A positive result for test i is denoted
by T, = 1 and a negative test result byT, = 0. Sensitivity (sens) is the probability
that a person with the disease has a positive test result, and is given by
Pr(Tj = 1 I D = 1). Specificity (spec) is the probability that a person suspected
for the disease, but not having it, has a negative test result Pr(T; = 0 I D = 0).
The likelihood ratio of a positive and negative test result is given by
^ P ^ = l l D = l ) = - g ^ and LR,H, ft<T' = ° ' ^ ^
Pr(T,- = 1 I D = 0) 1-spec,
Pr(T, = 0 I D = 0)
spec,
respectively.
We can easily rewrite the probabilities mi and w, into sensitivity and
specificity, with mi = sens, and w, = 1 - spec,. The concept of weights in record
linkage is comparable with the concept of likelihood ratios in diagnostic
testing. Figure 4 summarises the analogy between information measures in
record linkage and medical diagnosis. Because of the similarity in
classification and information measures, m a n y problems in medical record
linkage have their counterparts in medical diagnosis. A critical issue in
medical record linkage is the estimation of the m, and ui probabilities, the
counterpart of this problem in diagnostic research is the determination of test
properties in situations with or without a gold standard.
LR

i ( + )

Estimation of test properties in diagnostic research and m, and w, probabilities in
record linkage
The properties of a diagnostic test are determined in so-called diagnostic
accuracy studies. In these studies, a group of persons suspected for a disease
are all subjected to the test of interest and also to some reference test that
provides error free classification (gold standard). Sensitivity, specificity and
likelihood ratios for the test can be estimated, and can then be used in settings
with similar patients. These diagnostic accuracy studies have a similar
function as a validated sample of record pairs in record linkage. Estimates of
mi and u, can be derived from a validated (error free classification) sample of
pairs. These estimates can then be used to calculate weights for all possible
pairs.
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As discussed before, weights in record linkage usually have to be
recalculated between different linkage operations, even if the linkage variables
are the same. This feature has stimulated research of calculating weights
without a validated sample. A similar problem exists in medical diagnosis
where the properties of a specific test may vary between settings. Several
studies have shown that one has to be careful in the presentation of the
specificity and the sensitivity of a test, because test properties m a y very
according to clinical and non-clinical factors, but in particular to the severity of
the underlying disease. ' ' For other diseases no gold standard test may exist.
Therefore, several articles have provided solutions on how to estimate
sensitivity and specificity of diagnostic tests, in the absence of an error-free
classification method (without a gold standard).32"3" All calculations involve the
same log likelihood (5) which is given in the section of estimating weights
without a validated sample in record linkage.
In summary
Both record linkage and medical diagnosis can be considered as
(dichotomous) classification problems. The information used in the
classification is derived from comparing corresponding variables (in record
linkage) or diagnostic test results (in medical diagnosis). In record linkage
there is often additional, external information incorporated in the classification
process. One example thereof are linkage operations in which w e know that of
all possible pairs involving a particular record only one can be true (one to one
matching). This is for instance the case if patients from a register are linked to
a file of death records.
6.6

CONCLUDING REMARKS

In the absence of a unique identification number, other personal variables
have to be combined to identify records pertaining to the same person. One
prerequisite for successful record linkage is that the combination of all
available linking variables has sufficient discriminating power to ascertain
that the number of different persons but with identical values on their linking
variables is low enough. An estimate of the number of unrelated pairs with
identical values on a given set of variables can be m a d e by some
straightforward calculations, using the observed distribution of values on
linking variables in both files. The record linkage operation is complicated,
however, by the presence of error and by true changes in value of linking
variables (e.g. postal code d u e to moving). The rule that all variables need to
be in perfect agreement has to be relaxed in order to retrieve related records in
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which one or both records contain error. At the same time, discriminating
power is lost by relaxing the criteria, thereby increasing the likelihood of
erroneously linking two unrelated records. Record linkage is about finding the
balance between sufficient discriminative power to ensure that different
persons have different composite values, and permitting enough differences in
order to recognise related records containing error. Weights, or more
specifically likelihood ratios, are used to measure the contribution of each
linking variable in making a correct classification into links and non-links. The
individual weights are summarised in an overall weight. This overall weight is
used to establish cut-off values. Pairs with a total weight above the upper
threshold are classified as link, pairs below the lower threshold as non-links.
Pairs falling between the two cut-off values are classified as indecisive (grey
zone).
Although the principles of record linkage, as presented in this chapter, are
relatively straightforward, several critical issues and decisions remain. We will
briefly discuss the following four issues:
• The n u m b e r of outcomes to be evaluated
• The computer time required and blocking
• The assumption of independence
• The analysis of linked data files
The number of outcomes to be evaluated
Linkage programmes reduce complexity by considering only a limited set of
outcomes w h e n comparing corresponding values within a pair of records. In
its simplest form only two outcomes are assigned to each comparison:
corresponding values either agree or disagree. This reduction can be
detrimental in information-poor situations (few linking variables or variables
with limited discriminating power). Considering more outcomes than
agreement and disagreement alone offers potential benefits in the following
situations. First, in situations where the amount of evidence provided by
agreement varies depending on the actual value. Agreement on a rare value
(strange name) is less likely to occur by chance and therefore provides more
evidence in favour of a match than agreement on a more common value. An
example on h o w to incorporate such information is given in the appendix II at
the end of this chapter. Second, in situations where some errors occur more
frequently than others. These common types of error can be used as an
intermediate outcome between agreement and disagreement. For continuous
variables, like age, the following scheme of outcomes may be used: full
agreement (age identical), partial agreement (different age but the absolute
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difference is within two years), and disagreement (age differs by more than
two years). The intermediate outcome will receive a weight lying between
agreement and disagreement. In other words, pairs receive a reward for being
close but at the same time a penalty for being not in perfect agreement.
Absolute differences are not the sole basis for defining 'close' for continuous
variables. The current layout of keyboards can also be a source of errors,
known as keypad errors. Intermediate outcomes can be defined by looking at
the distance between numbers on the keyboard, acknowledging that 3, 5 and 9
are all close to 6.
Alternative spelling is important source of error in names and other string
variables. Several programmes have been developed to assure that similar
sounding names receive the same code.
The benefit of including more outcomes than agreement and disagreement
alone has to be balanced against the increase in complexity and computational
time. More outcomes also mean more weights to be estimated. Larger
validation samples may be necessary to validly estimate the increased number
of weights.
The computer time required and blocking
The total number of record pairs equals the product of the two file sizes.
Evaluating all pairs on all corresponding linking variables becomes unfeasible
in linkage operation involving files with moderate sizes, even with today's fast
computers. One w a y to reduce the amount of computational time is reducing
the number of outcomes w h e n comparing corresponding variables (see
previous paragraph).
Another w a y of reducing computational time is to lower the n u m b e r of
pairs being evaluated using a technique called blocking. 35 With this technique,
pairs are only evaluated if they agree on one or more blocking variables. The
ideal blocking variable is a variable that always agrees in two related records,
and has many different values. Blocking can greatly reduce the n u m b e r of
pairs to be evaluated. As an illustration, suppose there are two files A and B,
each with 1,000 records. The overall number of pairs to be evaluated is
1,000,000. Now, consider a linking variable with 100 possible values with a
uniform distribution in both files. This variable partitions each file in 100
subsets (blocks) consisting of 10 records. The first block contains records with
value 1, the second block records with value 2, etc. Only records from the two
files file A and B within the same block are evaluated. Per block, the number of
pairs is 10x10=100. Overall there are 100 blocks, leading to a total n u m b e r of
pairs of 100x100=10,000. In this example, blocking reduces the number of pairs
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from 1,000,000 to 10,000. The number of possible values (and their
distribution) of the blocking variable determines the gain in computation cost,
as more values will lead to more and therefore smaller blocks to be searched.
One consequence of this technique is that pairs disagreeing on the blocking
variable will automatically be classified as non-links. One w a y to overcome
this problem is to use multiple blocking stages. In the first stage, pairs are
linked using a single variable as blocking variable. Any records not linked in
the first stage enter the second stage in which another blocking variable is
used. Only related pairs that have errors in both variables will not be linked. A
third stage can be added, if necessary (when errors are frequent).
The assumption of independence
A critical assumption that has been m a d e in the calculation of the overall
weight is that information derived from different linking variables is
statistically independent. Assuming independence, the overall weight is
simply the sum of the individual weights of linking variables. This assumption
of independence is clearly violated for certain types of variables. For instance
in the situation where w e want to use both the n a m e of the general
practitioner and area code in our linkage strategy. The values of two fields are
clearly correlated, as both variables are an indicator of location. Therefore, a
disproportionate number of individuals with the same general practitioner
will have the same area code, as would be expected from the individual
frequencies alone. Ignoring dependency will grossly overestimate the amount
of information present. One w a y to handle dependency between variables is to
construct a single new variable, in which each combination of values from the
two dependent variables becomes a n e w value. More complex methods can be
applied in which the dependence between variables is taken into account. The
likelihood as presented in the previous section needs to be rewritten, leading
to more complex calculations in order to estimate the various parameters of
interest. This topic is beyond the scope of this chapter, and interested readers
o 9S yf\ ^£ "K7

are referred to other publications. '
A similar problem arises if errors among variables are related.25"36 The
methods described in this chapter also assume that errors of variables are
unrelated. This means that the presence of one error does not raise the
likelihood of additional errors in other variables. Practical knowledge about
dependency between errors within records is limited.
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The analysis of linked data files
In the majority of studies involving linked data sources, researchers have
analysed linked data in the same w a y as primary research data, thereby
ignoring the information about the level of confidence by which records have
been linked. Some researchers have started to incorporate knowledge about
the quality of the links into the post-linkage analysis.
Their strategies have
been similar to the approach in survey studies in which missing data have
been imputed.
In conclusion
The interest in medical record linkage has grown considerably since the first
publication about this topic in 1946. Faster computers, the increasing number
of registers in health care and the growing interest in longitudinal data have
all raised the interest in record linkage. More and more researchers speculate
whether record linkage would be helpful and feasible in their research
projects. Record linkage can be viewed as a dichotomous classification
problem using information that is imperfect. The art of record linkage is in
finding the balance between maximising the available discriminating power in
order to separate different individuals and allowing enough flexibility to link
related records that contain error. The core of a linkage strategy is formed by a
quantitative measure (weight) that compares the probability of an outcome
among matches with the same probability among non-matches. Obtaining
valid estimates of these probabilities is the major challenge in record linkage.
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T H E CONCEPT OF DISCRIMINATING POWER

Record linkage will fail if too m a n y different persons have the same pattern of
values on their linking variables. N o linkage strategy, h o w refined, can
identify these records as unrelated without further information. Such pairs
will become false links. Intuitively, this will happen more often if only a few
linking variables are available, or if the available linking variables are too
weak or if the number of record combinations increases. We will derive
formulas to predict the number of pairs belonging to different individuals but
yet with identical values on their linking variables. This n u m b e r can be used
to recognise situations in which record linkage will fail because of a lack of
discriminating power. '
To illustrate the concept of discriminating power w e will start with the
following basic example. Suppose, w e want to employ the variable date of
birth (without birth year) as a personal identifier in a group of students. One
of the key elements in assessing the usefulness of date of birth as an identifier
would be the number of students having a similar code (date of birth). If all
dates of birth are equally likely (365 possible values, uniform distribution), the
probability that all birthdays are different in a class of size N is given by:
365 364 363
365 - N + l 365x364x363x...x365-N + l
x
x
X...X
=
(6)
W
365 365 365
365
365N
The relationship between the number of students and this probability is
depicted in figure 4. Despite 365 different values, the probability of two
persons having the same birthday is significant, even in a group of m e d i u m
size. A group of 23 or more students is more likely than not to contain a pair
with matching birthdays.
The next step is to estimate the number persons in a group of given size
that will have an identical value. If w e consider individuals (records) in our
group (file) as a random sample (with replacement) with size N from an
infinite population in which fraction p,- has value code i, with i = \,...,k, and
k

2_,p,: = 1. The expected number of persons having an identical code is then
i=l

given by:
k

N-Nx^xil-pf'1
i=i

The estimated number includes all persons having an identical value. For
instance, if three persons are having the same code then they count as three
non-unique persons.

(7)
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Figure 4. The probability of all birthdays being on a different day as a function of group size.

Along the same line, w e can derive a formula for the number of pairs
belonging to different persons but with identical values on their linking
variables among all pairs from two files A and B. If w e consider two files with
N„ and N B records and with i possible values, with i = l,...,k. Let p, be the
probability of code i in file A and q{ the probability of the same code in file B.
A m o n g all possible pairs (NAx N„) the expected number of pairs having the
same code is given by:
NAxNBx^Pixqi

(8)

In the situation of multiple linking variables w e have to estimate the
probability of an identical composite code. Under the assumption of statistical
independence, the probability of a composite value is simply the product of
the individual probabilities. For example, three variables with 3, 60 and 2,000
possible values and a uniform distribution, can be replaced by one uniformly
distributed variable with 3x60x2,000=360,000 different values. Formula (8) can
be used to estimate the n u m b e r of false-positive links in the best imaginable
situation using all available linking variables and assuming independence
between variables. If this number is too high, more variables are needed to
successfully link the two files. If the number is below a desirable level, it does
not guarantee that record linkage will succeed. Criteria have to be relaxed in
order to retrieve matches that contain error, which effectively lowers the

Medical record linkage

131

amount of discriminative power and in return increases the likelihood of falsepositive links.
One practical issue remains, how to determine the true distribution of
values among all linking variables in the overall population (p, and q{ )? One
possibility is the existence of prior knowledge about the distribution of values,
like the distribution of surnames in the Netherlands. If such knowledge does
not exist or is judged inappropriate because of the w a y in which the files were
generated, the observed frequencies of values in both files can be used to
estimate the distribution. Problems arise in situations where files have
multiple entries from one person, as the formula is based on the assumption
that multiple entries do not exist. Multiple entries can lead to a biased estimate
of the distribution of values in the population at large. Simulations studies
have shown, however, that a large n u m b e r of records from the same person
have to be present in order to bias the estimate of the n u m b e r of pairs with an
identical composite code (data not shown).
The number of different values and their distribution determine the
amount of discriminating power of a variable. The observed frequencies of
values on linking variables in the two files can be used to predict the n u m b e r
of unrelated pairs that will have identical values on a particular set of linking
variables. These calculations can be used to identify situations in which
linkage will fail d u e to insufficient discriminating power. These calculations
can be done prior to linkage operation and without any specialised software.
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APPENDIX II.

FROM GLOBAL TO VALUE-SPECIFIC WEIGHTS

If w e consider two levels of agreement, weights are defined by:
Pr(var i agrees I r e M )
m
w; =
— = —'- m case of agreement and by:
Pr(var i agrees I r e Lf )
_ Pr(var i disagrees \ r e M)
\-mi
in case of disagreement.
w,
Pr(var i disagrees I r e U)
1 - ut
These weights are called global weights because the actual value is not
taken into account. Information is lost by ignoring the actual values of
variable ;', as one can intuitively understand that agreement on a rare value
provides more information in favour of two records belonging to the same
person than agreement on a common value. To build in this information, we
could use the following scheme of outcomes: pairs disagree on variable i or
pairs agree and the value is x, for x - l,...,z, in which z is the total n u m b e r of
different values. The total number of outcomes equals 1+z: one weight for
disagreement and z possible weights for agreement. A larger sample of
validated pairs is needed to validly estimate the probability of agreement on a
specific value among matches and non-matches. Another approach is to adjust
the global weight in case of agreement by comparing the value-specific
frequency with the general frequency. The general frequency may be viewed
as a weighted mean of all specific frequencies. 4 ' This adjustment raises the
global weight in case of agreement on an unusual value and lowers the weight
in case of agreement on a common value. The adjustment factor is given is by:

adjustment in case of agreement on value x = —

(9)

in which P(x) is the (common) probability of value x in the two files to be
linked. The extent and direction of the adjustment are determined by com2

paring the general frequency, ^ P ( x ) 2 , with the value-specific frequency, P(x).
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The following basic example illustrates the working of the adjustment
procedure. Suppose, a variable has four possible values with the following
relative frequencies of occurrence: 0.1, 0.2, 0.25, and 0.45. The following
adjustment factors can be calculated using this distribution (table 7). From this
table w e can see that the global weight associated with agreement on variable i
is adjusted u p w a r d by 3.15 if pairs agree on value x-1. Likewise, the global
weight is lowered by factor 0.70 if a pair agrees on the most common value
(x=4) of variable ;'. The adjustment procedure is based on the assumption that
among related pairs the probability of agreement (in other w o r d s the
probability of error) is not greatly influenced by the value of the linking
variable. Furthermore, the probability of agreement among unrelated pairs is
adjusted to reflect the probability of a chance agreement on that particular
value.

Table 7. Converting global weights into value-specific weights by using an adjustment
factor.
Value of X,
for x-

Value-specific
frequency
P(x)

General frequency

Adjustment factor

P(x)2

±PW2
x= l

P(x)
1
2
3
4

0.1
0.2
0.25
0.45

0.01
0.04
0.063
0.203

1

0.315

Z

I

3.15
1.58
1.26
0.70
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ABSTRACT
Objective - To analyse the pattern of cardiovascular readmissions and death in
hospital survivors of acute myocardial infarction, focusing on differences
between m e n and w o m e n and on the importance of diabetes mellitus.
Design - Population-based cohort study using linked hospital discharge data.
Subjects - All hospital survivors of acute myocardial infarction from six
medium-sized cities in The Netherlands discharged between January 1,1981,
and December 31,1987.
Main outcome measures - Cardiovascular readmission rates per three m o n t h
interval after the initial discharge for acute myocardial infarction. Time to
readmission for different cardiovascular conditions or death for
m e n vs. w o m e n and diabetic vs. nondiabetic patients. Models without and
with adjustment for age and other base-line characteristics. Multiple failure
model analysing u p to three readmissions.
Results - The initial cohort of hospital survivors of acute myocardial infarction
comprised 1,101 m e n and 418 women. Women were on average 6.4 years older
(P=0.0001) than m e n and had a higher prevalence of diabetes (18 vs. 7%;
P=0.001). The median duration of follow-up was 2.5 years. The highest rate of
cardiovascular readmissions was observed during the first three months after
the initial discharge, mainly (68%) d u e to coronary heart disease. The
unadjusted relative risk of death for w o m e n as compared with m e n was 1.32
(95% confidence interval (CI) 0.90 to 1.93). After adjustment for age, this
relative risk was reduced to 0.88 (95% CI 0.59 to 1.31), and to 0.73 (95% CI
0.49-1.11) after adjustment for other base-line characteristics. No excess risk
was seen for women, both unadjusted and adjusted, w h e n modelling the time
to the combined endpoint of first cardiovascular readmission or death.
Diabetic patients were at a higher risk of dying (unadjusted relative risk 3.12;
95% CI 2.06 to 4.71) and of being readmitted for all types of cardiovascular
readmissions, but in particular for heart failure (unadjusted relative risk 3.72;
95% CI 2.68 to 5.15) and for stroke (unadjusted relative risk 3.48; 95% CI
2.40 to 5.03). These risks were only slightly reduced after adjustment for baseline characteristics.
Conclusions - The highest rate of cardiovascular readmissions was seen during
the first three months following discharge. The excess risk of mortality for
w o m e n disappeared, and was even reversed after adjustment. The risk of
being readmitted w a s similar for m e n and women. Diabetic patients had a
substantial higher risk of dying and of being readmitted for all cardiovascular
conditions, but in particular for heart failure and stroke.

Readmissions after acute myocardial infarction

139

INTRODUCTION
The prognosis of patients with acute myocardial infarction has improved
considerably over the past two decades. Improvements in the acute care and
in the secondary prevention of patients with myocardial infarction have
contributed to this longer survival. '
Despite the available treatment options, survivors of acute myocardial
infarction still have an increased risk of recurrent coronary syndromes, of
other manifestations of atherosclerosis, of arrhythmias, of developing heart
failure, and of death. The majority of the large studies investigating the
clinical consequences after myocardial infarction have focused on mortality
alone, or on mortality combined with recurrent myocardial infarction. ' The
pattern of cardiovascular readmissions after acute myocardial infarction has
been analysed in only a few studies with limited n u m b e r s of patients.
The
development of other manifestations of atherosclerosis and of chronic
conditions has become a major issue d u e to the growing n u m b e r of patients in
which premature death has been prevented d u e to advances in the treatment
of myocardial infarction. Longitudinal data, in which a large and unselected
group of patients with myocardial infarction is followed for a sufficient period
of time, are needed to appropriately describe this complex process and to
evaluate the price of initial success in these patients.
We used linked hospital discharge data to describe the pattern of cardiovascular readmissions in a cohort of hospital survivors of myocardial
infarction from several hospitals in the Netherlands. Record linkage techniques were used to recognise readmissions in the absence of a unique
personal identifier. We determined the frequency, timing and causes of
readmissions in this cohort, and to study clinical factors associated with an
increased risk of readmission or death. Our main focus was on differences
between men and w o m e n and on the importance of diabetes mellitus.
METHODS
Sources of data
This study is based on data from the PHARMO record linkage system, a
database integrating d r u g dispensing records from community pharmacies
and hospital discharge records of 6 medium-sized cities in The Netherlands,
with an estimated population size of 300,000. u The hospital records were
obtained from SIG Health Care Information. All hospital admissions in The
Netherlands are recorded in a central database held by SIG Health Care
Information. The records of this database contain both administrative and
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clinical data, including age and sex of the patient, u p to ten discharge
diagnoses, u p to six operation codes, and status at discharge (dead or alive).
All diagnoses at discharge were coded according to the 9th version of the
Clinical Modification of the International Classification of Diseases (ICD-9-CM).
All general and university hospitals participate in the national register
(complete coverage), and a single institution is responsible for the training in
coding of hospital staff. The register, however, does not contain a unique
personal identifier to recognise readmissions. We combined several personal
variables to obtain a sufficiently discriminating system to recognise records
(admissions) belonging to the same patient. Key variables in our linkage
algorithm were gender, date of birth, family practitioner code and postal code.
The linkage algorithm acknowledges the fact that errors are present in
variables derived from routine data sources (probabilistic linkage).
Information about w h e n people moved out of the region, died, or switched to
another family practitioner w a s recorded in the drug-dispensing data of the
community pharmacies. In a previous validation study, examining a sample of
9,822 pairs of records and using the same linkage algorithm as in this study,
both specificity and sensitivity were above 95%. This accuracy is comparable
to a linkage system based on a unique personal identifier.
Study population and readmissions
The people studied were citizens of six cities w h o were discharged alive
between January 1,1981, and December 31,1987 after hospitalisation for acute
myocardial infarction. This cohort included both patients with a first
myocardial infarction and patients with a reinfarction. The follow-up of the
hospital survivors started at the date of discharge of the initial admission for
acute myocardial infarction (index event). The end of follow-up was the date
of death, out-migration, or January 1,1988, whichever occurred first. We used
the linked discharge and drug-dispensing database to identify readmissions
and death from patients of the cohort. If present, multiple readmissions from
the same patient were recorded.
We used ICD-9-CM code 410 to identify the index admission for acute
myocardial infarction. Readmissions were included if their primary discharge
diagnoses fell into the group of diseases of the circulatory system (group VII of
the ICD classification rubrics 390 to 459). Within this group the following
causes were analysed separately: coronary heart disease (ICD-9-CM 410-414),
heart failure (428), stroke (430-438), and peripheral vascular disease (440-448).
All readmissions were classified based on the primary discharge diagnosis.
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Patients were considered diabetic if they had discharge diagnosis of
diabetes mellitus (ICD-CM 250.x) in any position before, during or shortly
after the initial hospitalisation for acute myocardial infarction. Patients were
classified as having had a previous myocardial infarction if they had an
additional discharge diagnosis of old myocardial infarction (ICD code 412), or
a non-primary discharge diagnosis of myocardial infarction before the index
admission. The detection of prior hospitalisations was restricted to hospital
admissions from January 1,1981 onwards. Patients were classified as having
heart failure during the initial admission for acute myocardial infarction, if
there w a s an additional discharge diagnosis of heart failure.
We could analyse only all cause mortality, as both the discharge data and
the drug dispensing data do no contain information about the cause of death.
Statistical analyses
Base-line characteristics of the initial cohort of hospital survivors were
compared using Student's t tests and % tests. The crude readmission rates
were calculated by s u m m i n g u p all cardiovascular readmissions per three
month interval and dividing it by the total follow-up time in that particular
interval.
The readmission status of patients at different time points during follow-up
were based on Kaplan-Meier estimates. We used the Cox proportional-hazards
model to examine the association between the time to first readmission or
death and the presence of base-line characteristics. We analysed the importance of sex and diabetes separately. We first did an unadjusted analysis (only
sex or diabetes), then a model adjusting for age (linear), and finally a model
including sex, age, presence of diabetes, presence of heart failure, and an
indicator for previous myocardial infarction. Ties in all models were handled
according to Efron's method.
In addition, w e did a multiple failure (readmission) time analysis. Patients
with chronic diseases may experience repeated occurrences of the same event
or several events of an entirely different nature. We analysed u p to three
cardiovascular readmissions per patient. The dataset was set u p as described
in scenario I of the article of Li and Lagakos. In this scenario, there is a time to
first, second, third readmission and a time to death. Patients w h o die before a
first, second or third readmission are regarded as censored observations for
these readmissions. Event four (death) is uncensored unless the subject
experiences end-of-study censoring. Data was analysed using the approach of
Wei, Lin, and Weissfeld. ' This is a marginal approach, initially ignoring the
correlation between failures to estimate the coefficients for each readmission
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(failure type). A consistent estimate of the variance of the coefficients is
calculated afterwards, by using a so-called sandwich estimator.
In all analyses, a P value of 0.05 or less was considered to indicate statistical
significance. All statistical analyses were done in SAS for Windows version
6.12, except for the multiple failure Cox model for which w e used
S-Plus for Windows version 4.5.
RESULTS
Cohort enrolment and base-line characteristics
Between January 1,1981, and December 31,1987, a total of 1,652 patients
(72% male) were hospitalised for acute myocardial infarction. During the
initial stay, 85 men (7.2%) and 48 w o m e n (10.3%) died (P=0.04). The remaining
1,519 hospital survivors were studied for subsequent readmissions, with a
median duration of follow-up of 30 months. Women were on average 6.4 years
older than men and had a higher prevalence of diabetes and congestive heart
failure (table 1). Diabetic patients were on average 5.2 years older than
nondiabetic patients (P=0.0001), and had more often symptoms of congestive
heart failure during the initial admission (21.7% vs. 6.8%; P=0.001).
Table 1. Characteristics of the cohort of hospital survivors (N=1,519) following initial
hospitalisation for acute myocardial infarction between January 1, 1981 and December 31,
1987 in one of six participating hospitals.
Characteristic

Age in years
Mean±SD
Median (P50)
P25-P75
Length of initial stay in days t
Mean±SD
Median (P50)
P25-P75
% of patients with history of acute
myocardial infarction (no.)
% of patients with diabetes (no.)
% of patients with heart failure (no.)

Men
(N=1,101)

Women
(N=418)

P-value

56.4±11.7
57
49-65

62.7+12.3
64
56-72

0.0001

14.3±6.8
13
11-16
4.5% (50)

17.2+11.6
14
11-19
3.3% (14)

0.0001

7 . 1 % (78)
6.9% (76)

17.7% (74)
12.0% (50)

0.001
0.001

0.3

* f test based on log transformed values (10base) because of skewness of the data.
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Readmission rate and causes of readmissions
During the entire follow-up period there were 800 cardiovascular readmissions caused by 524 patients. The highest readmission rate, around
160 readmissions per 1,000 patients, was observed in the first three months
following discharge (figure 1). The majority of these readmissions (68%) w a s
related to coronary heart disease. From nine months onwards, the rate of
readmission was more or less stable with an average rate of about 35
readmissions per 1,000 patients per three month interval. Differences in crude
readmission rates between men and w o m e n were small (upper panel figure 1).
The highest readmission rate for diabetic patients w a s also found during the
first three months after discharge, although the rate w a s nearly two-fold
higher compared with nondiabetic patients (lower panel figure 1). The relative
differences in readmission rates between diabetic and nondiabetic patients
became slightly larger after the first three months.
The majority of all cardiovascular readmissions was caused by coronary
heart disease (61%), followed by readmissions for heart failure (17%), for
peripheral vascular disease (7%) and for stroke (5%). Acute myocardial
infarction was the primary discharge diagnosis of 24% of all coronary
readmissions. Coronary readmissions were more prominent among men (65%)
than w o m e n (52%), while the proportion of readmissions related to congestive
heart failure was higher in w o m e n (24%) than in men (14%). Heart failure
readmissions were a prominent feature among diabetic patients, causing 37%
of all readmissions compared with 13% in nondiabetic patients. Over time, the
relative importance of coronary readmissions decreased, while the significance
of more chronic conditions, such as heart failure and peripheral vascular
disease increased. A m o n g all first readmissions 67% w a s related to coronary
diseases compared with 45% among third or higher readmissions. For heart
failure and peripheral vascular disease, these percentages were 15% and 27%,
and 4% and 16%, respectively.
Table 2 shows the distribution of patients according to their vital status and
number of readmissions. Two years after the initial myocardial infarction,
around 7% of all patients had died, 64% was alive and without any readmission, 21% w a s alive with one readmission, 6% alive with two readmissions,
and 2% was alive and readmitted at least three times. These percentages were
more or less similar among men and women. Diabetic patients fared m u c h
worse than nondiabetics (table 2).
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Figure 1. Cardiovascular readmission rate per 1,000 men and women (upper panel) and
per 1,000 nondiabetic and diabetic patients (lower panel) for each three month interval after
the initial discharge for acute myocardial infarction. The bars show crude readmission rates
for each interval.
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Time to first cardiovascular readmission or death
In the unadjusted analysis, w o m e n had a higher risk of dying and of being
readmitted for heart failure or for stroke (table 3). Only the risk of being
readmitted for coronary heart disease was lower in w o m e n than in men in the
unadjusted analysis. The excess risk for w o m e n disappeared or was even
reversed after age was included in the model. A further reduction w a s
observed w h e n other base-line characteristics were introduced.
Diabetic patients had a 3.1 higher risk of dying than nondiabetic patients.
This excess risk decreased slightly w h e n other factors were introduced. The
presence of diabetes was associated with higher rates of readmission for all
causes (table 3). As a result, only 42% of the diabetic patients was alive and
without a readmission after two years compared with 66% in patients without
diabetes (table 2). In particular, diabetic patients were at a higher risk of being
readmitted for heart failure (relative risk 3.72; 95% CI 2.68 to 5.15) and for
stroke (relative risk 3.48; 95% CI 2.40 to 5.03). In the full model these relative
risks were lower (table 3), mainly because diabetic patients were on average
five years older than nondiabetic patients and had a higher prevalence of heart
failure symptoms during the initial admission for acute myocardial infarction.
Multiple readmission model according to Wei-Lin-Weissfeld
In the multiple failure Cox model w e analysed the time u p to three readmissions. In general, men and w o m e n had a similar risk of being readmitted after
adjustment for base-line characteristics, although the risk of being readmitted
for the second and third time was non-significantly lower in w o m e n (table 4).
The smallest relative risk for diabetes was observed for the time to first
readmission (relative risk 1.73; 95% CI 1.35 to 2.22), the relative risk increased
to 2.55 (95% CI 1.68 to 3.87) for the second readmission and remained more or
less stable for the third readmission (relative risk 2.24; 95% CI 1.09 to 4.60).
As expected, age was strongly related to death, but was not associated with
a higher rate of cardiovascular readmissions, whether first, second or third.
Patients presenting with heart failure symptoms during the initial admission had a higher risk of being readmitted than patients without signs of heart
failure. The importance of initial heart failure symptoms increased with every
readmission. The adjusted relative risk rose from 1.77 (95% CI 1.31 to 2.39) for
the first readmission, to 2.65 (95% CI 1.69 to 4.16) for the second, to 4.83
(95% CI 2.65 to 8.82) for the third. Patients with previous myocardial infarction
were at an increased risk of being readmitted, but had no excess risk of dying.
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Table 4. Multiple failure Cox model (model according to Wei, Lin and Weissfeld) analysing
time to first, second, third cardiovascular readmission and death.
Predictor

Female sex
Diabetes
Age per 10-year
increment
Heartfailure
Previous AMI

Time to first
readmission
RR (95% Cl)

Time to second
readmission
RR (95% Cl)

Time to third
readmission
RR (95% Cl)

Time to death
RR (95% Cl)

0.98(0.80-1.20) 0.77(0.52-1.14) 0.79(0.39-1.60) 0.73(0.47-1.14)
1.73(1.35-2.22) 2.55(1.68-3.87) 2.24(1.09-4.60) 2.30(1.45-3.67)
0.97(0.90-1.04) 0.99(0.87-1.13) 0.89(0.72-1.09) 1.69(1.39-2.06)
1.77(1.31-2.39) 2.65(1.69-4.16) 4.83(2.65-8.82) 2.00(1.22-3.27)
1.82(1.27-2.60) 1.61(0.83-3.12) 2.06(0.81-5.26) 0.90(0.36-2.25)

RR = relative risk; CI = confidence interval; AMI = acute myocardial infarction.

DISCUSSION
Cardiovascular readmissions were common in our cohort of hospital survivors
of acute myocardial infarction from several hospitals in the Netherlands. The
highest rate of readmission was observed within the first three months after
the initial discharge. The majority of the cardiovascular readmissions w a s
caused by (recurrent) coronary events, but over time there was a shift towards
chronic conditions, like congestive heart failure and peripheral vascular
disease. The proportion of patients alive and free of any cardiovascular
readmission after one year w a s 72% in both m e n and women.
Surprisingly few studies have analysed the pattern of readmissions after
acute myocardial infarction, especially given the fact that cardiovascular
diseases are among the diagnostic groups most often associated with multiple
hospitalisations. The reasons to readmit patients with initial myocardial
infarction to the hospital are diverse and include the progression of coronary
atherosclerosis requiring diagnostic work-up a n d / o r revascularisation, the
occurrence of significant cardiac events such as unstable angina pectoris,
reinfarction, cardiac arrhythmias, congestive heart failure, as well as poor
general health and emotional well-being. 15 In other studies describing
readmission patterns, the proportion of patients readmitted after acute
myocardial infarction was 10 to 22% after six months,"' 15 32 to 54% after one
year, ' ' and 54 and 60% after five year."' 12 Our results are somewhat lower
with 28% readmitted after one year and 4 1 % after three years. The comparison
is h a m p e r e d by differences in age and other base-line characteristics of the
populations, by the type of readmissions that have been studied (all conditions
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as opposed to cardiovascular and coronary readmissions only) and by
differences in the w a y mortality was handled. In particular, the all cause
readmission rate among Medicare beneficiaries (United States) w a s extremely
high, with an average rate of about 700 readmissions per 1,000 patients in the
first three months compared with 157 cardiovascular readmissions in our
study. One additional explanation that could explain this large difference in
readmission rate is the more aggressive approach to diagnose and treat
remaining coronary ischemia in the United States.
Differences between men and women
The risk of dying for w o m e n as compared with m e n w a s lower after
adjustment for age and diabetes mellitus. Many articles have focused on the
differences in mortality between men and w o m e n following myocardial
infarction. Apparently, the higher initial mortality in w o m e n is mainly
explained by older age and unfavourable risk characteristics of women. The
majority of the studies comparing mortality between men and w o m e n among
hospital survivors reported similar mortality rates or lower rates among
women, in particular studies with a follow-up of longer than one year. 9 Our
findings (adjusted relative risk of dying for w o m e n of 0.73) are in line with
these studies.
The overall risk of being readmitted (any cardiovascular disease) w a s
similar for men and w o m e n after adjustment. Coronary readmissions shortly
after discharge were more common among men, which might suggest that
men had more recurrent events or that men were more intensively monitored.
Other studies have reported differences in the use of coronary procedures
between men and w o m e n with coronary heart disease.
The importance of diabetes mellitus
Diabetes was strongly associated with death (unadjusted relative risk 2.15)
and with being readmitted (unadjusted relative risk 1.76). Furthermore, the
causes of cardiovascular readmissions were different in diabetic and
nondiabetic patients. In diabetic patients, more readmissions were caused by
congestive heart failure (unadjusted relative risk of 3.72). Other studies
focusing on the relation between diabetes and heart disease found similar
30-31

results.
Congestive heart failure and cardiogenic shock are more c o m m o n
and severe in patients with diabetes than would be predicted from infarction
size alone.
Many additional compromising factors have been proposed,
including increased platelet aggregation, decreased fibrinolytic activity and
diastolic dysfunction. The combination of subclinical diabetic cardiomyopathy amplified by the higher prevalence of coexistent hypertension seems to
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reduce the compensatory ability of the noninfarcted myocardium. This
combination of factors could be responsible for the higher incidence of heart
failure in diabetic patients.
Methodological considerations
The following issues need attention: the accuracy of the linkage algorithm, the
characteristics of the PHARMO record database and the use of hospital
discharge data.
Two types of errors can be m a d e during record linkage: incorrectly
counting a record as a readmission w h e n in reality the records belong to
different individuals, and not identifying a readmission. In a previous
validation study, using the same linkage algorithm as in our study, both
sensitivity and specificity exceeded 95%." Additional information w a s
gathered and examined in this validation study to reveal the true status (same
or different individuals) of linked and non-linked admissions.
For several reasons w e underestimated the n u m b e r of readmissions during
the follow-up period. First, readmissions of cohort member in hospitals
outside the primary associated hospitals could not be identified. Although the
cities and hospitals were chosen in such a w a y to minimise this problem, these
hospitalisations will have occurred. Second, information about the death of
cohort members w a s not fully complete in the d r u g dispensing database, in
particular for patients dying outside the hospital. As a result, the total
percentage of patients still alive would be overestimated, leading to an
underestimation of the readmission rate.
This study uses information from administrative data sources with all its
associated problems. ' We used ICD-CM codes 410 to identify patients with
acute myocardial infarction. Studies that have validated the use of code 410 in
the hospital, revealed that the percentage of false-positive codings varied
between 10 to 20%.
The two most common reasons for such false-positive
codings were admissions of patients with recent myocardial infarction instead
of 'fresh' myocardial infarction (often related to cardiac procedures) and
admissions for possible acute myocardial infarction subsequently ruled out,
but still appearing as the primary discharge diagnosis. The rate of falsenegative codings for acute myocardial infarction is generally judged as low.
Another drawback of hospital discharge data is the limited amount of detailed
clinical information. However, using a small set of base-line variables w e
found estimates very similar to the Framingham study in respect to the effect
of age and diabetes. One of the strengths of this study is the fact that this
large population of patients with acute myocardial infarction w a s derived
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from several hospitals in the Netherlands rather than from a single institution.
Furthermore, w e looked beyond first readmissions using multiple failure Cox
models. These models provided additional insight into the unfavourable
combination of diabetes and heart failure (table 4).
In summary, cardiovascular readmissions are common among survivors of
acute myocardial infarction, with the highest readmission rate during the first
three months after discharge. The majority of all readmissions w a s related to
coronary heart disease. Over time, however, readmissions for congestive heart
failure, peripheral vascular disease and stroke became more prominent. The
rate for all cardiovascular readmissions combined w a s similar among m e n and
women, b u t m e n were more likely to be rehospitalised for coronary causes,
while w o m e n were at a higher risk of readmissions for congestive heart failure
and stroke. Diabetic patients had a higher risk of dying and of being
readmitted. The presence of heart failure symptoms during the initial
admission and the development of these symptoms during follow-up were
associated with higher readmission rates. Diabetes was associated with both
factors, which explains the unfavourable pattern of readmissions in these
patients. More longitudinal data on morbidity and mortality is needed to fully
describe the health consequences of patients with acute myocardial infarction,
especially in an era in which more and more patients survive their initial
attack.

^•52

Chapter 7

REFERENCES
1.

2.

3.
4.
5.
6.
7.

8.
9.

10.

11.

12.
13.

14.

15.

Gheorghiade M, Ruzumna P, Borzak S, Havstad S, Ali A, Goldstein S. Decline
in the rate of hospital mortality from acute myocardial infarction: impact of
changing management strategies. Am Heart J 1996;131:250-256.
Rosamond WD, Chambless LE, Folsom AR Cooper LS, Conwill DE, Clegg L,
Wang CH, Heiss G. Trends in the incidence of myocardial infarction and in
mortality due to coronary heart disease, 1987 to 1994. N Engl J Med
1998;339:861-867.
Braunwald E. Cardiovascular medicine at the turn of the millennium: triumphs,
concerns, and opportunities. N Engl J Med 1997;337:1360-1369.
Moss AJ, Benhorin J. Prognosis and management after a first myocardial
infarction. N Engl J Med 1990;322:743-753.
Peterson ED, Shaw LJ, Califf RM. Risk stratification after myocardial infarction.
Ann Intern Med 1997;126:561-582.
Kannel WB, Sorlie P, McNamara PM. Prognosis after initial myocardial
infarction: the Framingham Study. Am J Cardiol 1979;44:53-59.
van Domburg RT. Introduction and review of long-term outcome in coronary
heart disease. In: Long-term survival and predictors of mortality in coronary
heart disease. Thesis, Rotterdam, The Netherlands, 1998:7-26.
Peterson ED, Shaw LJ, Califf RM. Guidelines for risk stratification after
myocardial infarction. Ann Intern Med 1997;126:556-560.
Vaccarino V, Krumholz HM, Berkman LF, Horwitz RI. Sex differences in
mortality after myocardial infarction: is there evidence for an increased risk for
women? Circulation 1995;91:1861-1871.
Herlitz J, Karlson BW, Sjölin M, Ekvall HE, Hjalmarson Â. Prognosis during one
year of follow-up after acute myocardial infarction with emphasis on
morbidity. Clin Cardiol 1994;17:15-20.
Herlitz J, Bengtson A, Wiklund I, Hjalmarson Â. Morbidity and quality of life 5
years after early intervention with metoprolol in suspected acute myocardial
infarction. Cardiology 1988;75:357-364.
Maynard C, Every NR, Weaver WD. Factors associated with rehospitalization
in patients with acute myocardial infarction. Am J Cardiol 1997;80:777-779.
Marrugat J, Sanz G, Masiâ R, Valle V, Molina L, Cardona M, Sala J, Serés L,
Szescielinski L, Albert X, Lupón J, Alonso J. Six-month outcome in patients with
myocardial infarction initially admitted to tertiary and nontertiary hospitals. J
Am Coll Cardiol 1997;30:1187-1192.
Dwyer EM Jr, McMaster P, Greenberg H, and the Multicenter Postinfarction
Research Group. Nonfatal cardiac events and recurrent infarction in the year
after acute myocardial infarction. J Am Coll Cardiol 1984;4:695-702.
Maeland JG, Havik OE. Use of health services after a myocardial infarction.
Scand J Soc Med 1989;17:93-102.

Readmissions after acute myocardial infarction

16.

17.

18.
19.

20.
21.
22.

23.
24.
25.

153

Fisher ES, Wennberg JE, Stukel TA, Sharp SM. Hospital readmission rates for
cohorts of Medicare beneficiaries in Boston and N e w Haven. N Engl J Med
1994;331:989-995.
Herings RMC. PHARMO: A record linkage system for postmarketing
surveillance of prescription drugs in The Netherlands. Thesis, Utrecht, The
Netherlands, 1993.
H o w e GR, Lindsay J. A generalized iterative record linkage computer system
for use in medical follow-up studies. C o m p u t Biomed Res 1981;14:327-340.
Gill LE, Baldwin JA. Methods and technology of record linkage: some practical
considerations. In: Textbook of medical record linkage. Oxford University Press,
N e w York, 1987:39-55.
Efron B. The efficiency of Cox's likelihood function for censored data. J A m Stat
Assoc 1977;72:557-565.
Li QH, Lagakos SW. Use of the Wei-Lin-Weissfeld method for the analysis of a
recurring and a terminating event. Stat Med 1997;16:925-940.
Wei LJ, Lin DY, Weissfeld L. Regression analysis of multivariate incomplete
failure time data by modeling marginal distributions. J A m Stat Assoc
1989;84:1065-1073.
Lin DY. Cox regression analysis of multivariate failure time data: the marginal
approach. Stat Med 1994;13:2233-2247.
Wenger NK, Marcus FI, O'Rourke RA. Cardiovascular disease in the elderly. J
Am Coll Cardiol 1987;10(suppl A):80A-87A.
Yusuf S, Flather M, Pogue J, H u n t D, Varigos J, Piegas L, A v e z u m A, Anderson
J, Keltai M, Budaj A, Fox K, Ceremuzynski L. Variations between countries in
invasive cardiac procedures and outcomes in patients with suspected unstable
angina or myocardial infarction without initial ST elevation. Lancet
1998;352;507-514.

26.

Ayanian JZ, Epstein AM. Differences in the use of procedures between w o m e n
and men hospitalized for coronary heart disease. N Engl J Med 1991;325:221225.

27.

Shaw LJ, Miller DD, Romeis JC, Kargl D, Younis LT, Chaitman BR. Gender
differences in the noninvasive evaluation and management of patients with
suspected coronary artery disease. Ann Intern Med 1994;120:559-566.
Jaglal SB, Goel V, Naylor CD. Sex differences in the use of invasive coronary
procedures in Ontario. Can J Cardiol 1994;10:239-244.
Clarke KW, Gray D, Keating NA, H a m p t o n JR. Do w o m e n with acute
myocardial infarction receive the same treatment as men? BMJ 1994;309:563566.
Sniderman A, Michel C, Racine N. Heart disease in patients with diabetes
mellitus. J Clin Epidemiol 1992;45:1357-1370.

28.
29.

30.

154

31.

32.

33.

34.

35.
36.

37.

38.
39.
40.

Chapter 7

Aronson D, Rayfield EJ, Chesebro JH. Mechanisms determining course and
outcome of diabetic patients w h o have had acute myocardial infarction. Ann
Intern Med 1997;126:296-306.
Stone PH, Muller JE, Hartwell T, York BJ, Rutherford TD, Parker CB, Turi ZG,
Strauss HW, Willerson JT, Robertson T, Braunwald E, Jaffe AS, and the MILIS
Study Group. The effect of diabetes mellitus on prognosis and serial left
ventricular function after acute myocardial infarction: contribution of both
coronary disease and diastolic left ventricular dysfunction to the adverse
prognosis. J Am Coll Cardiol 1989;14:49-57.
Jaffe AS, Spadaro JJ, Schechtman K, Roberts R, Geltman EM, Sobel BE.
Increased congestive heart failure after myocardial infarction of modest extent
in patients with diabetes mellitus. A m Heart J 1984;108:31-37.
van Walraven C, Wang B, Ugnat AM, Naylor CD. False-positive coding for
acute myocardial infarction on hospital discharge records: chart audit results
from a tertiary centre. Can J Cardiol 1990;6:383-386.
Beaglehole R, Stewart AW, Walker P. Validation of coronary heart disease
hospital discharge data. Aust N Z J Med 1987;17:43-46.
Kennedy GT, Stern MP, Crawford MH. Miscoding of hospital discharges as
acute myocardial infarction: implications for surveillance programs aimed at
elucidating trends in coronary artery disease. A m J Cardiol 1984;53:1000-1002.
Iezzoni LI, Burnside S, Sickles L, Moskowitz MA, Sawitz E, Levine PA. Coding
of acute myocardial infarction: clinical and policy implications. Ann Intern Med
1988;109:745-751.
Lauderdale DS, Furner SE, Miles TP, Goldberg J. Epidemiologic uses of
Medicare data. Am J Epidemiol 1993;15:319-327.
Roos LL, Sharp SM, Cohen MM. Comparing clinical information with claims
data: some similarities and differences. J Clin Epidemiol 1991;44:881-888.
Wong ND, Cupples A, Ostfeld AM, Levy D, Kannel WB. Risk factors for longterm coronary prognosis after initial myocardial infarction: the Framingham
Study. A m J Epidemiol 1989;130:469-480.

(chapter 8

Lack of standards in
direct standardisation
JB Reitsma, GJ Bonsel, LJ Gunning-Schepers, JGP Tijssen

Accepted for publication in
The American Journal of Public Health

256

Chapter 8

ABSTRACT

Objectives - To review the recent use of direct standardisation and determine
the types of standards applied.
Methods - We retrieved all articles using direct standardisation in the American
Journal of Public Health, the European Journal of Public Health, the JAMA
and the BMJ in 1996 and 1997.
Results - In 19% (14/75) of all articles using direct standardisation no
information about the standard was found. Only 15% (11/75) of the articles
used one of the widely available standards provided by the World Health
Organization. This percentage was only slightly higher, 27% (10/37), among
studies using routine data sources.
Conclusions - In direct standardisation, the type of standard can influence the
results. Therefore, readers need to know which standard has been applied
and, to facilitate the comparison between studies using routine data sources,
the use of a widely available standard is strongly advocated. At present, these
guidelines are insufficiently pursued.
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INTRODUCTION
Many researchers compare rates across populations or analyse trends over
time. If groups or years differ with respect to factors associated with the event
under study (e.g. age, gender or race), the comparison of the overall or crude
rate may be misleading. One popular w a y to address these differences in
confounding factors is direct standardisation, in which a weighted average of
stratum specific rates is calculated.1"4 Although standardised rates are not a
substitute for analysing specific rates, they serve as a convenient s u m m a r y
measure. The purpose of determining such a standardised s u m m a r y measure
is in the comparison with other rates adjusted to the same standard. Readers
therefore need to know which standard has been applied. The use of a widely
available standard (European or World population standard) 5 is strongly
advocated in studies involving routine data sources (like vital and hospital
statistics data, and data from cancer registers). The use of widely available
standards enables other researchers to adjust their rates to the same standard,
which facilitates comparison and interpretation of differences. We reviewed
the recent use of direct standardisation in the medical literature, in particular
the choice and specification of the standard applied.
METHODS
The formula for calculating standardised rates is given by:
Y (r xiVj)
where SR is the standardised rate, r, is the specific rate in stratum i, and wt is
the weighting factor for stratum i.
We manually searched all 1996 and 1997 issues of two general medical
journals (BMJ and JAMA) and two public health journals (American and
European Journal of Public Health) for articles using direct standardisation.
For each article w e determined the type of standard used in the standardisation procedure and classified it into one of the following five categories: (1)
unknown standard, if no information was given; (2) sample standard, if the
unknown composition of one of the analysed groups w a s used; (3) specific
standard, the standard w a s specified, but no reference to retrieve the actual
composition; (4) specific standard with reference given or weights cited; (5)
one of the widely available standards provided by the World Health
Organization (WHO). 5
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RESULTS

We retrieved 75 articles using direct standardisation while searching all 1996
and 1997 issues of the four journals. In 19% (14/75) of the articles using direct
standardisation w e were unable to identify the standard that was applied
(table 1). Only 15% (11/75) of the articles used one of the widely available
standards of the W H O . Surprisingly, this percentage was only slightly higher,
27% (10/37), among studies using routine data sources.
DISCUSSION

Direct standardisation addresses differences in confounding factors by
calculating a weighted average of specific rates. M The absolute height of a
standardised rate is of minor importance and varies with different weights
(tVj). It is the hypothetical number of events that would have occurred if the
population structure had been identical to that of the standard. The rationale
for standardised rates is in the comparison with other rates adjusted to the
same standard.
Table 1. Standards applied in 75 articles using direct standardisation in two general medical
and two public health journals during 1996 and 1997. The number of studies involving
routine data sources* rather than study-specific data is given between brackets.
Characteristic

Am J
Public
Health

Eur J
Public
Health

JAMA

BMJ

Total

No. of studies using direct
standardisation
Type of standard used:
- widely available standard1
- specific standard with
weights given or cited
- specific standard, but
without reference*
- sample standard5
- unknown standard

29(14)

8(6)

10(2)

28(15)

75 (37)

1(1)
5(2)

3(3)
1(0)

0
3(0)

7(6)
2(1)

11 (10)
11 (3)

10(8)

1(1)

4(2)

3(3)

18(14)

8(0)
5(3)

1(0)
2(2)

2(0)
K0)

10(0)
6(5)

21(0)
14(10)

routine data sources include mortality data, hospital statistics data or data from cancer
registers.
f
European or World population standards provided by the WHO.5
* for instance, adjusted to the age structure of Wales in 1990, but no reference to retrieve
the actual composition of the standard.
the overall distribution within the particular cohort itself has been used as standard,
without further specification.

Direct standardisation

159

Using direct standardisation does not eliminate the effect of a confounding
factor, but merely keeps it constant. Standardisation works best when the
effect is constant over all strata. If all specific rates (r,) between two populations show the same ratio, then the two standardised rates will show that same
ratio, regardless of the weights applied. If all specific rates are higher in one
population then the standardised rates will be higher in that population,
irrespective of the choice of standard. However, if some specific rates are
higher in one population and some higher in the other then the choice of
standard will determine which population will have the higher rate after
adjustment. Therefore, if specific rates in the groups being compared do not
bear consistent relations across strata, in other words interaction is present,
any summarisation procedure will yield interpretation problems. In these
situations, the choice of standard can affect the results.6' Doll and Cook
showed that the ranking of countries based on the age standardised incidence
of cancer varied depending on the choice of standard. 6 On the other hand,
Spiegelman and Marks performed similar studies in which they showed that
the choice of standard had little effect in the comparison of the directly
standardised mortality figures.
Each standard has its own advantages and disadvantages that may guide
your choice. ' ' The use of one of the widely available standards as provided
by the WHO (European or World population standards) is strongly recommended to enable researchers from other countries to adjust their rates to the
same and easy accessible standard. If applicable, the use of a similar weighting
scheme for men and women is endorsed as readers often compare rates
between men and women. Unfortunately, during some time the WHO
provided European and World standards with different weights for men and
9

women.
In conclusion, standardised rates are no substitute for analysing specific
rates. As the choice of standard may affect the comparison, readers need to
know which standard has been applied. In one fifth of all articles using direct
standardisation we could not retrieve that information. Widely available
standards, to facilitate the comparison between studies using routine data
sources, were infrequently used.
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GENERAL DISCUSSION
The central theme of this thesis is the use of registers in cardiovascular
epidemiology. We looked at this broad theme from two perspectives.
Monitoring cardiovascular disease using national registers is our first
perspective and the possible use of registers in various types of epidemiological research the second. In the discussion of our first perspective, we aim
to provide a better understanding of the changing pattern of cardiovascular
morbidity and mortality by looking at some significant developments within
cardiovascular epidemiology. The specific context of the project offered
several opportunities to debate the strengths and limitations of research
involving registers with persons from different settings, including treating
physicians, registry personnel, statisticians and epidemiologists. These debates
have shaped the general discussion on the second perspective: the role of
registers in epidemiological research. In the end, some concluding remarks are
made integrating the two perspectives.
FIRST PERSPECTIVE: MONITORING CARDIOVASCULAR DISEASE
USING REGISTERS

The interpretation of the trends in cardiovascular morbidity and mortality in
the Netherlands, as described in this thesis, is facilitated by starting with a
short overview of the main developments within cardiovascular epidemiology.
Developments within cardiovascular disease epidemiology
Around 1880, infectious and pulmonary diseases were the major causes of
death in the Netherlands.5 The Burial Act of 1869 resulted in a dramatic
improvement in cause-of-death reporting in the Netherlands. It designated the
start of monitoring causes of deaths in the Netherlands. 6 Physicians reported
around 95% of all deaths in the Netherlands at that time. Around 1930, heart
disease had become the leading cause of death. The knowledge about major
cardiovascular syndromes, such as acute myocardial infarction and sudden
cardiac death, was limited at that time. In many cases these syndromes struck
unexpectedly, often taking lives at relatively young age.
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Large studies, like the Framingham Study 8 and the Seven Countries S t u d y /
were started shortly after World War II to investigate the so-called 'epidemic'
of cardiovascular disease. These pioneer studies led to the concept of risk
factors. Hypercholesterolemia, hypertension and smoking were recognised as
major causes of increased risk for cardiovascular disease. Major prevention
campaigns were started to reduce the prevalence of these risk factors in the
population, hoping that in return the incidence of events would decrease.
Progress was also m a d e in the treatment of patients with heart disease.
Among the first contributions was the treatment of ventricular fibrillation by
11
an external defibrillator and the introduction of coronary care units around
12

13

1965. The first bypass operations were performed in the 1960s. Subsequent
advances in cardiovascular surgery and anaesthesiology meant that more
patients could be operated upon and post-operative mortality decreased
considerably. Recent years saw the booming use of catheter-based interventions. Each year around 14,800 coronary bypass operations and 14,000 PTCA
procedures are performed in the Netherlands, improving and often
prolonging the life of many patients with coronary heart disease.
Progress w a s also m a d e in diagnostic imaging, first by invasive procedures
(angiography) and then increasingly by non-invasive methods, like echocardiography and, most recently, magnetic resonance imaging and electronbeam computed tomography.
A host of drugs have been developed to suppress the symptoms of cardiovascular disease or to prevent cardiovascular events in persons at high risk or
with established cardiovascular disease. Four areas stand out. First, patients
with hypertension can successfully be treated with diuretics and ß-blockers to
reduce their risk of stroke and coronary events. Second, aspirin, ß-blockers
and ACE inhibitors have proven to be effective drugs in both the initial
treatment of acute myocardial infarction and in the prevention of n e w
coronary events in patients with established coronary heart disease. " Third,
effective lipid lowering drugs have been introduced, capable of achieving
large reductions in LDL-cholesterol in patients with hypercholesterolaemia.
Lowering blood cholesterol decreases the incidence of coronary events and of
cardiovascular deaths. Fourth, further progress has been achieved in the
treatment of patients with acute myocardial infarction through the use of
thrombolytics a n d / o r acute PTCA. ' Prompt administration of thrombolytic
agents not only leads to a proportional reduction of 18% in early mortality, but
this benefit is sustained u p to at least ten years after the initial myocardial
infarction.
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All these improvements and efforts in primary prevention, in the treatment
of acute syndromes and in secondary prevention were not in vain. They have
led to a remarkable decline in age adjusted cardiovascular mortality. A
helicopter view on the trends in cardiovascular morbidity and mortality is
given in the next section.
Trends in cardiovascular morbidity and mortality:
findings and p o s s i b l e explanations
The good news is the ongoing decline in cardiovascular mortality. Since its
peak in the early 1970s, age adjusted cardiovascular mortality has fallen by
32% in the Netherlands. The death rate declined in every age and sex group.
Lower cardiovascular mortality accounted for 54% of the 3.1 year gain in life
expectancy in men and 63% of the 2.7 year gain in w o m e n during this period.
Despite several difficulties in the interpretation of trends observed in
hospital discharge and mortality data (see second perspective), the following
picture emerges. The decline in total cardiovascular mortality w a s mainly
caused by a decline in mortality from coronary heart disease and stroke (see
figure). Age adjusted mortality from both diseases has fallen by about 40%
since the mid 1970s. However, recent trends in mortality (from 1988 onwards)
from these diseases are diverging. While mortality from coronary causes
continues to decline, the decline in stroke mortality has slowed down. The
ongoing decline in coronary heart disease mortality is most likely related to an
improved prognosis of patients with established heart disease rather than to a
lower incidence. Especially the introduction of thrombolytic treatment for
acute myocardial infarction and the growing attention for secondary
prevention measures have contributed to the longer survival of patients with
25

coronary heart disease. Such improvements did not occur in the treatment of
stroke patients. In particular, the results of thrombolysis in the acute phase of
stroke have been disappointing.
The longer survival of patients with (coronary) heart disease has its price. It
has led to a growing pool of 'saved' patients, w h o are still at an increased risk
of developing recurrent coronary events, of other atherosclerotic manifestations and of developing chronic conditions related to the injury of the
myocardium, such as heart failure and atrial fibrillation. The rise in the
number of cardiovascular hospital admissions in the Netherlands demonstrates this development (see figure). Major increases were seen for chronic
coronary syndromes (chapter 5), heart failure (chapter 4) and atrial fibrillation. 27
Other manifestations of atherosclerosis, like peripheral vascular disease
(chapter 3 and 5), are also rising, although mainly in men.
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Prospects for the future
The successful battle against cardiovascular disease has sometimes led to the
overoptimistic view among the general public that cardiovascular disease is
no longer a major problem. ' This is far from the truth. Cardiovascular
disease is still the leading cause of death in the Netherlands and in almost all
other Western countries, and will most likely keep that position during the
coming decades. It is projected that cardiovascular disease will become for the
first time in history the leading cause of death world-wide d u e to the fact that
many developing countries are n o w adopting Western life-styles, especially in
30

terms of smoking habits. So, despite the impressive decline in cardiovascular
disease mortality, the battle is far from over.
Despite our progress in understanding the atherosclerotic process, there are
still major gaps in our knowledge. Up to 50% of the patients with coronary
heart disease do not have any of the established coronary risk factors
(hypertension, hypercholesterolemia, smoking, diabetes mellitus, marked
32 33

obesity and physical inactivity). ' Although s u d d e n death declined parallel to
the decline in total cardiovascular mortality, the overall percentage remains
34

around 40-50%. These include s u d d e n deaths that occur as the first clinical
manifestation of unrecognised heart disease and those that occur in patients
with k n o w n disease of mild-to-moderate severity. These points illustrate that
knowledge about vital steps in the process of plaque formation and plaque
35

rupture is far from complete. Promising new therapies are being developed,
targeted at several steps in the development of coronary syndromes. They
include the prevention of plaque rupture, the prevention of thrombosis, and
correcting endothelial dysfunction and injury.
A better understanding of the molecular basis of atherosclerosis m a y
provide further opportunities to fight atherosclerosis. Already a n u m b e r of
monogenic disorders has been identified that are responsible for heart diseases
and hypertension. In most cases of cardiovascular disease, there is an
interaction between multiple genes and environmental influences. More
knowledge about genetic susceptibility will enable physicians to provide
individual patients with more targeted prevention measures.
Intriguing new information about cardiovascular disease is still emerging.
The observation that babies w h o are small and light at birth have a greater risk
of developing hypertension and hyperlipidaemia, and therefore at higher risk
of cardiovascular death (the 'Barker hypothesis'), may provide n e w insight in
the complex process of atherosclerosis. Even the old debate about the role of
infections in atherosclerosis has been renewed in the light of new evidence
showing the presence of Chlamydia pneumoniae in atherosclerotic plaques and
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the findings that recent use of antibiotics was associated with lower cardiovascular mortality.
However, more knowledge is not everything. Putting w h a t w e k n o w into
practice has also proved difficult. Several studies have documented that
established effective strategies are underused. For instance, blood pressure is
inadequately controlled in about 45% of all hypertensives. 40 One third of all
patients eligible for aspirin" 1 and half of the patients eligible for beta-blockers 42
after acute myocardial infarction do not receive such therapy. Dutch data on
many of these points is lacking. The latest trends in risk factors are also
worrisome. The number of young people in the Netherlands w h o start
smoking is growing, and so are the n u m b e r of men and w o m e n in our society
w h o lack exercise. There is a growing difference in the prevalence of risk
factors between social economic classes, with higher prevalences in lower
social economic classes. Current strategies to inform and educate the public
need to be adjusted to effectively reach these groups. With respect to primary
and secondary prevention w e have to be aware that there is a need to lower
the prevalence of adverse life-styles at a national level, and not just in highrisk groups alone, the so-called prevention paradox. To use the w o r d s of
Geoffrey Rose:
The prevention strategy that concentrates on high-risk individuals may be
appropriate for those individuals, but its ability to reduce the burden of disease in the
ivhole community tends to be disappointingly small. On the other hand, a measure that
brings large benefits to the community offers little to each participating individual.
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SECOND PERSPECTIVE: REGISTERS IN STUDIES EXAMINING TRENDS OVER
TIME AND BEYOND
In chapter 1 w e reviewed the interaction between data requirements of various
categories of epidemiological research on the one hand and features of the
registration process on the other hand. We identified four major sources of
problems associated with the use of register data in epidemiological research
(see also section 1.5 and 1.6 of chapter 1). These sources are:
• the preference of registers to capture conditions with an acute episode
leading to health care contact
• the lack of sensitivity and specificity of the registration process
• the lack of historical and prospective information in registers
• the lack of clinical information a n d / o r its inferior quality
The first two sources of problems are of major concern in studies using
registers to assess the magnitude of a health problem in the general population
or to examine trends over time. The last two sources of problems come into
play if registers are used in studies involving temporal relations, like
etiological, prognostic and effectiveness studies.
The majority of the studies in this thesis examine trends over time (see
chapters 2 through 5). This part of the discussion is therefore dedicated to the
potential problems of using registers in studies monitoring trends over time.
In particular, the focus is on using hospital discharge data and mortality data
to monitor cardiovascular disease in the Netherlands. Thereafter, w e
formulate some general recommendations for the use of registers in epidemiological research.
Using registers to analyse trends over time
Studies examining trends over time have one particular advantage over
studies that try to estimate the true incidence or prevalence of a disease: trends
can still be valid despite the fact that not all cases of interest are captured in
the register. Trends are particularly valuable if the assumption holds that an
observed change in n u m b e r s is correlated to a true change in incidence or
prevalence of the disease. This reduces the interpretation of changes in register
data to one fundamental question: 'is it real?' Several mechanisms could lead
to 'artificial' increases or decreases, not caused by a true rise or fall in incidence
or prevalence of the disease of interest. These mechanisms are comparable to
the problems encountered in single m o m e n t studies, as studies assessing
trends over time belong to this category (see section 1.4 of chapter 1). The
sensitivity and specificity of the registration process with respect to the health
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event of interest are the main topics. Sensitivity refers to the ability of a
register to capture and correctly classify all events of interest, whereas
specificity refers to the ability to exclude non-intended cases. In studies
examining trends over time the central question transforms into: 'has there been
a change in sensitivity or specificity that could explain the observed trend? ' Possible
causes of a change in sensitivity or specificity of the registration process are:
• change in notification behaviour
• change in target population
• change in relation between health event and registration event
• change in classification
• change in coding practice
The first three elements relate to the capturing process of a register, the last
two to the recording process (see section 1.3 and figure 4 of chapter 1).
Change in notification behaviour or in target population
A change in notification behaviour or a change in target population has a
direct effect on the number of cases captured in a register. Fortunately, w e did
not have to pay much attention to these factors in our interpretation of trends
in the number of hospital admissions or deaths.
Notification of deaths is considered to be virtually complete in the Netherlands since 1880, partly because of the legal duty of physicians to report the
death of a person.
Notification is a relatively simple process in the case of hospital discharge
data in the Netherlands. Local hospital databases are extracted and sent to SIG
Health Care information, the holder of the Dutch register of hospital
admissions. The odds of missing admissions are remote, given the central role
of local databases in administrative functions (including billing). At present,
all hospitals in the Netherlands participate in the national register, with the
exception of two cancer hospitals and a few specialised hospitals. During our
study-period (1972-1995), coverage was incomplete before 1986. We m a d e a
general adjustment based on the total number of hospital admissions in the
Netherlands, assuming that the pattern of discharge diagnoses in nonparticipating hospitals was similar to that of participating hospitals.
Change in relation between health event and registration event
Here, the situation is different for hospital discharge data compared to
mortality data. The decision whether or not to admit a patient highly depends
on individual physicians. For example, the number of hospital admissions will
fall despite a constant incidence, if more patients are managed on an
outpatient basis. In general, there has been a trend towards providing more
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outpatient and out-of-hospital care, partially because of constraints on the
health care budget.
Improvements in diagnostics capabilities can also influence the relation
between disease and admission. Better diagnostic techniques can lead to more
admissions, as milder or less advanced cases can be detected sooner and more
often. This leads to a change in case mix, which can affect in-hospital mortality
rates. Furthermore, improved diagnostics capabilities can lead to more specific
coding. We found indications for increased detection rates in the case of
abdominal aorta aneurysm through ultrasound (chapter 3) and for more
specific coding in the case of stroke subtypes through computed tomography
(chapter 2). The exact impact of changes in hospitalisation rate a n d / o r
improvements in diagnostic capabilities is, however, difficult to estimate.
These topics return in every discussion paragraph of the studies examining
trends over time (chapters 2 through 5).
The relation between health event and registration event is different in
mortality. Physicians cannot influence death in the same w a y as they can
decide on whether or not to admit a patient. There is an alternative explanation for a decline in mortality besides a decline in incidence: lower case
fatality. Evidence from other studies on the prevalence of risk factors and
improvements in medical care is often needed to distinguish between lower
incidence and lower case-fatality. ' We combined the results of several
studies to argue that a change in incidence was a more likely explanation for
the decline in cardiovascular mortality during the 1970s to mid eighties and
that a better prognosis was a more important contributor to the recent decline
in cardiovascular mortality (chapter 5).
Change in classification or coding practice
There has been one change in version of the International Classification of
Diseases (ICD) during our study-period from 1972 to 1995. The ICD is used in
the coding of deaths, and a modification thereof for the coding discharge
diagnoses. The ICD-8 version w a s used from 1972 until 1989 for the death
register and until 1990 for the national hospital register. Thereafter, coding
was according to the ninth version. This change in ICD version had little
impact on the total group of cardiovascular disease, b u t its impact on specific
diseases w a s noticeable. It w a s one of the reasons to limit our analysis of heart
failure to the ICD-9 period (chapter 4).
Several studies have shown that coding errors are fairly prevalent and
often related to a lack of knowledge on coding or inherent difficulties in
assigning a single cause of death (or discharge) in situations where multiple
and related diseases are present." "57 Information about changes over time in
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coding errors is, however, scarce. A few studies have examined the impact of
changes d u e to new reimbursement systems. ' The ever-falling rate of
necropsies in m a n y countries, including the Netherlands, 60 also reduces the
possibility to examine changes over time in coding practice using the concept
of epidemiological necropsy.
In summary
The value of analysing trends over time depends largely on the assumption
that a change in trend is related to a genuine change in incidence or prevalence. However, any improvement or deterioration in one of the mechanisms
of the capturing or recording process of a register can lead to a change in the
number of cases derived from a register.
Our main problem in the interpretation of the decline in cardiovascular
mortality was: how much of the decline can be explained by lower incidence
and how much by lower case-fatality? Circumstantial evidence from other
studies was needed to make inferences.
Our interpretation of trends in discharge data was hampered by the complex relation between the registration event (admission in this case) and the
condition of interest. Examples include the shift towards more outpatient and
out-of-hospital care and the improved detection capabilities leading to more
and milder cases being admitted to hospital. Recurrent events are an
additional problem in hospital discharge data compared to mortality data.
Trends in (chronic) diseases are difficult to interpret, if multiple events from
the same patient cannot be identified. The important distinction between more
recurrent events per patient or more new patients cannot be made. Medical
record linkage can provide additional insight by recognising recurrent events
from the same patient (chapters 4, 6 and 7). Medical record linkage and other
ways to improve the use of registers are discussed in the next paragraph.
The use of registers in epidemiological research
Studies using register data are increasingly found in major medical journals.
These studies not only address typical public health questions, but clinical
questions as well. The attractiveness of large data collections and the growing
numbers of registers that routinely collect data from various aspects of health
care sometimes leads to the belief that the majority of research can be
conducted using registers. This has to be a misconception, as registers are no
substitute for primary research. Using registers for all possible research
questions is as ineffective as setting up randomised clinical trials in all
situations. Dedicated and specified data collection of primary research and the
sensible use of registers are complementary methods. The urge to incorporate
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more and more information into a register to accomplish an 'ideal' register can
even be counterproductive. ' Maintaining such an 'ideal' register would be
costly and time-consuming for the providers of the information. The
motivation of those involved will quickly fade, and so will the validity of the
data. Based on our experiences and the work presented in chapter 1, w e w a n t
to formulate several practical recommendations for a sensible use of registers
in epidemiological research.
(I)
Use the natural strengths of registers
This recommendation is directly related to the dilemma described above.
Registers are more suited to answer certain types of questions or to investigate
particular diseases.
Studies primarily focussing on the frequency of a health event or studies
monitoring changes over time are the most natural ones to be conducted using
registers. Under specific conditions, registers can be used in studies involving
temporal relations, like prognostic studies, studies examining side-effects,
quality of care studies, and comparative studies. The (potential) problems
associated with the use registers in various categories of epidemiological
research are reviewed in chapter 1.
Diseases with an acute episode leading to health care contact and diseases
that can readily be diagnosed (simple case definition) are prime candidates to
be approached through registers. For diseases or health-related problems
outside this category, other population-based approaches are more effective,
such as carefully designed health examinations and health interviews.
(II)

Measure and improve the sensitivity and specificity
of the registration process
The sensitivity and specificity of the registration process in relation to specific
diseases are essential elements in understanding register data. Important
determinants are the number of missed cases and the validity of coding of
captured cases.
A key issue in the interpretation of register data is the proportion of cases
from the target population that appear in the register (sensitivity or completeness). Independent case ascertainment methods are needed to determine the
number of missed cases. There are two common approaches. The first
approach determines whether cases identified through death certificates
appear in the register, limiting its use to diseases with notable case fatality.
The second approach compares the n u m b e r of cases in the register with the
number of cases derived from an independent survey. The comparison with
an independent survey is probably the most accurate method for determining
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the sensitivity of register, but an expensive one. Other sources that may be
used to detect missed cases are biochemical test results (e.g. bacterial cultures,
heart enzymes), diagnostic images, ECG readings, biopsies, and prescribed
medication.
On-site chart review should be done more frequently in research projects to
obtain additional information, to check the validity of key variables and to
detect missing information. The validity of the coding process for different
diseases can be appraised by such reabstraction methods. In this approach,
records that appear in the register are reabstracted at the primary collection
site and then compared to the register record. The extent of agreement
between the locally reabstracted records and register records is the measure of
validity, assuming that the reabstracted records are correct.
(Ill) Integrate registers with primary research
There are two ways to integrate registers with primary research. In the first
approach, the register is used as a sampling frame for cases and / o r controls.
Traditional epidemiological techniques are then applied to collect the data.
Both cohort and case-control studies can use this approach. A potential
advantage is that the results can readily be generalised to the whole population included in the register. This approach combines the advantage of
additional dedicated data collection with one of the strengths of registers, the
information on a large number of consecutive cases.
The use of registers in the detection of outcome events in large clinical trials
or in population-based cohorts (health interviews or examinations) is the
second approach. The national register of causes of death can potentially
provide complete information on the number and causes of deaths (ICD
codes). Augmenting existing registers with mortality data should be
considered for every register in the Netherlands. Hospital discharge data can
also provide valuable follow-up information, if the outcome of interest is
associated with a moderate to high hospitalisation rate.
(TV) Use registers to create longitudinal data
The interest in longitudinal data is growing. The longer survival of patients
with heart disease leads to a growing pool of patients at increased risk of
recurrent events and of developing other diseases. To study the complex
64

interaction between diseases requires longitudinal data. Registers can
provide longitudinal data in two ways. The first w a y has been described
above. It involves the use of registers in providing outcome information in
patients from existing cohorts. The second w a y involves the combination of
information from two or more registers or the reconstruction of an event-

General discussion

173

oriented register into a patient-oriented register. The national hospital register
in the Netherlands is such an event-oriented register. Readmissions from the
same patient cannot be identified. This denies the use of discharge data in
analysing recurrence rates after an initial event, in determining the risk of
developing chronic conditions after acute events, and in the detection of early
and perhaps preventable readmissions shortly after discharge.
Longitudinal data requires the identification of patients within and across
registers. Ideally, this calls for the use of nation-wide unique identifier (a
national health care number). Although Scandinavian countries have
demonstrated the value of such a national health care n u m b e r without
compromising the privacy of its inhabitants, ' the introduction of such a
number in the Netherlands is not to be expected in the near future. Till then,
record linkage can provide a solution (chapters 6 and 7).
(V) Add a few clinical items to administrative registers
The inclusion of a simple measure of functional health at admission and at
discharge would greatly enhance the value of hospital statistics data. Research
into developing such a measure is underway.
A limitation that needs urgent attention is the inability to distinguish coexisting conditions present on admission from complications occurring during
the hospital stay. If a patient is coded at discharge as having p u l m o n a r y
embolism, it is impossible to determine whether this happened some time
before admission or during the stay in hospital. This difference is vital in
studies focusing on quality of care measures.
A variable that indicates whether it is a first episode or a recurrent one is
valuable addition in chronic diseases, whereas a variable indicating which side
(left, right, both sides) is affected is helpful in diseases that can affect one or
both sides.
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CONCLUDING REMARKS
Cardiovascular disease remains a major health problem despite a drop of 32%
in age adjusted mortality since the early 1970s. The lifetime probability of
dying from cardiovascular diseases, based on current death rates, is still 39%
for men and 4 1 % for women. Coronary heart disease and stroke were the
major contributors to the decline in cardiovascular mortality (chapters 2 and 5).
Mortality from coronary causes continues to decline at the same or even at a
higher rate (chapter 5) as before, most likely induced by the recent improvements in the treatment of patients with acute myocardial infarction. The
decline in stroke mortality on the other h a n d has slowed d o w n (chapter 2).
Increases in age adjusted hospital admission rates are the other side of the
cardiovascular picture (chapters 3, 4 and 5). Admissions for the work-up and
treatment of patients with coronary syndromes, for heart failure and for atrial
fibrillation are the main causes for the rise in hospital morbidity. These
findings, lower mortality, b u t more patients with chronic conditions, are signs
of a changing profile of cardiovascular disease. Cardiovascular disease is
changing from an acute disease with high case fatality into a chronic state
epidemic, as illustrated by the rising prevalence of heart failure and atrial
fibrillation.
This changing profile has two important consequences. First, the longer
survival of patients with heart disease generates new questions about the longterm consequences following the initial manifestations of heart disease. What
are the long-term consequences of the growing pool of patients in which death
has been postponed by the successful treatment of acute myocardial infarction? Longitudinal data are required to address the dynamic and complex
interaction between related and seemingly unrelated diseases. A second
consequence of the growing number of patients surviving their acute episode
is the need for describing post-event health states. Other measures of health
beyond one month or one year survival rates are needed to describe the
burden of chronic health states. To adequately measure the b u r d e n of chronic
diseases, it is necessary to include non-fatal outcomes as well. Several research
projects on composite health measures, such as disability adjusted life years,
are under way.
Registers themselves have to adapt to this changing profile of cardiovascular disease, although their role in monitoring major cardiovascular
morbidity and mortality at a national level will remain a vital one. A new
challenge is the use of registers to provide longitudinal data, as w e have done
in this thesis (chapter 7). Registers can be used to provide outcome information
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in existing cohorts or the information from several registers involving various
health care contacts can be combined to create longitudinal care profiles (the
book of life concept). The use of registers to reveal longitudinal information,
and by that valuable epidemiological insight, requires the application of
medical record linkage techniques (chapter 6), as a national health care n u m b e r
is absent in most countries.
Combining information from different sources to answer research questions that were not originally intended, raises important ethical concerns.
Given the nature of the research, consent w a s not obtained from the patients
involved. The European Union has m a d e a proposal to protect individuals
with regard to the registration in databases, including the d e m a n d to be
notified w h e n data are used. ' Several medical researchers have written
about the consequences of introducing such procedures, which can form a
71 73 74

serious threat to research using register data. ' ' More attention should be
given to the other side of the picture. Is it sensible, or even ethical, that m a n y
important questions remain unanswered because we are not making the best
use of available data? Clear and well thought general rules are necessary to
ensure that important health questions can be answered, but at the same time
protect the individual. Such policies can often be established, as the primary
interest of epidemiological research is in groups rather than in individuals.
The urgency to develop clear privacy concepts and derived rules to protect the
privacy of individual patients will grow with the increased use of electronic
databases.
Physicians and epidemiologists have to learn about this changing profile of
research and the possible role of registers herein. Research using these data
sources needs the same rigour in design and analysis as other types of
research. Teamwork involving epidemiologists, physicians, registry personnel,
and statisticians is needed to avoid mistakes and to maximise the use of data
from registers.
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SUMMARY

The central theme of this thesis is the use of registers in cardiovascular
epidemiology. This broad theme is discussed from two perspectives.
Monitoring cardiovascular disease in the Netherlands using register data is
our first perspective. We use data from two national registers to describe
trends over time in the n u m b e r of hospital admissions and deaths caused by
different cardiovascular diseases, and to seek for possible explanations. The
use of register data in epidemiological research is our second perspective. We
discuss the opportunities and limitations associated with the use of registers in
various epidemiological research. We examine the possibilities of extending
the role of registers, in particular through the creation of longitudinal data by
using medical record linkage techniques.
This thesis combines epidemiological illustrations of using register data to
monitor cardiovascular disease with theoretical considerations on the role of
registers in epidemiological research.
Chapter 1 provides an overview of the possible role of register data in various
epidemiological research, ranging from studies with a public health perspective to clinical studies. The registration process of registers is divided into a
capturing process and the subsequent recording process. A patient with a
particular disease has to fulfil three criteria before the patient is captured in a
register: (1) the disease must trigger a registration event, (2) the registration
event must occur within the target population, and (3) the registration event
must be notified to the registry. The recording process determines the amount,
the format, and the quality of the data recorded for each case.
We divide epidemiological research into single m o m e n t and serial studies,
based on the functional difference whether the different pieces of information
necessary to address the research question are present at a single capturing
point in time or whether information from multiple time points are necessary.
The focus in single m o m e n t studies is on measuring the frequency of
occurrence of a disease in the general population, which has a more natural
link to registers than serial studies.
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We identify four potential sources of problems associated with the use of
registers in epidemiological research. First, registers are usually limited to
diseases with acute episodes leading to health care contact. This preference
hampers epidemiological research into chronic conditions and functional
diagnoses using registers. Second, the sensitivity and specificity of the
registration process is often less than perfect, leading to missed cases and cases
erroneously included. Third, registers suffer from the absence or incompleteness of historical or prospective information, which are necessary to study
temporal relations. Fourth, registers frequently lack detailed and accurate
clinical information to make meaningful subgroups in descriptive studies or to
adjust for differences in case mix in comparative studies.
The relevance and importance of these problems differ for various types of
research. We formulate a general perspective demonstrating the link between
increasing data complexity for different study categories and, subsequently, a
growing difficulty to use registers as data source.
Chapters 2 through 5 describe trends over time for various cardiovascular
diseases in the Netherlands.
Chapter 2 starts with the epidemiology of stroke. Stroke is a major group
within cardiovascular disease, responsible for 24% (n=12,595) of all cardiovascular deaths (n=51,922) and 12% (n=29,394) of all cardiovascular hospital
admissions (n=246,263) in 1994. Age adjusted stroke mortality declined by
39% for men and by 45% for w o m e n between 1972 and 1994. The decline in
stroke mortality has slowed d o w n since 1987 in both men and women. From
1972 to 1986, the annual percentage decline was 2.7% for men (95% confidence
interval (CI) -2.8 to -2.5%) and 3.4% in w o m e n (95% CI -3.6 to -3.2%). From
1987 onwards, the annual decline was 0.9% (95% CI -1.3 to -0.4%) in men and
0.5% (95% CI -0.9 to -0.1%) in women. In-hospital case fatality decreased from
32.6 to 18.4% between 1972 and 1983. From 1983 onwards, no further
improvement w a s observed in the survival of hospitalised stroke patients. The
analysis of diagnostic subgroups of stroke showed a steady decline in hospital
admission rates for the ill-defined type of stroke, while the rate for thromboembolic and haemorrhagic type of stroke simultaneously increased.
There are signs that the major decline in stroke mortality was caused by a
decrease in both stroke incidence and case fatality. The improved diagnostic
capabilities in the hospital setting have prompted a shift in coding for different
types of stroke.
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Aneurysms of the abdominal aorta are studied in chapter 3. Ruptured
aneurysms took the lives of 590 men and 166 w o m e n in 1992, corresponding to
2.3 and 0.6% of all cardiovascular deaths. Age adjusted mortality for men
increased 2.6-fold between 1972 and 1992, for w o m e n 1.6-fold. Large increases
were observed in admission rates for non-ruptured and ruptured aneurysms
in both men and women, but the increase in non-ruptured cases exceeded by
far the increase in ruptured cases. Age adjusted in-hospital case-fatality rates
after surgery upon non-ruptured aneurysms halved from 13% in 1972 to 7% in
1992. Case-fatality after surgery u p o n ruptured aneurysms also decreased but
was still 36% in 1992, despite improvements in critical care medicine.
The widespread use of ultrasound since the mid-seventies will have led to
the detection of many previously u n k n o w n aneurysms, and subsequently to
an increase in admissions for diagnostic work-up and surgical treatment.
However, the difference in increase between men and w o m e n and the rise in
the number of ruptured aneurysms suggest that a real increase in incidence
occurred, especially in men.
Hospital admission rates for heart failure are examined in chapter 4. Chronic
heart failure is a complex clinical syndrome characterised by a progressive loss
in left ventricular function. Heart failure was the principal cause of admission
in 13,022 men and in 12,944 w o m e n in 1993. Age adjusted admission rates rose
by 48% for men and by 40% for w o m e n between 1980 and 1993. Using
individual records from a subset of seven hospitals, w e found that readmissions shortly after discharge were a prominent feature among heart failure
patients. The proportion of heart failure patients being readmitted within the
first six months after the initial discharge w a s 14%, rising to 26% in patients
discharged alive for the second admission, and to 34% in patients discharged
alive for the third admission.
Possible explanations for the observed increase in hospital admissions
include the improved prognosis of patients with acute myocardial infarction
and higher readmission rates induced by the longer survival of patients with
heart failure. The impact of advances in diagnostic tools and of possible
changes in admission policy remains uncertain.
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Chapter 5 provides an overall picture of cardiovascular disease in the
Netherlands. The total group of cardiovascular disease was responsible for the
death of 25,635 men and 26,694 w o m e n in 1995, which corresponds to 38% of
all cause mortality in men and 40% in women. Cardiovascular disease was by
far the leading cause of death, with cancer taking second place with
36,489 deaths (27%). Cardiovascular mortality showed a steady 2% annual
decline between 1975 and 1995. In contrast to the decline in mortality, there
was a constant increase in age adjusted hospital admission rates for cardiovascular disease with an annual growth of 1.3%. Increases were seen for coronary
heart disease (2.6% annual growth), with a marked difference between chronic
manifestations (5.1% growth) and acute syndromes (0.7% growth), for heart
failure (2.1% growth), and for arterial diseases (1.8% growth).
These findings result in our main conclusion: 'Cardiovascular disease in the
Netherlands, lower mortality but more patients with chronic conditions'. The
improvements in the treatment of patients with acute myocardial infarction
are a major contributor to this changing profile of cardiovascular disease from
acute and fatal to chronic. These improvements have led to a growing pool of
patients in which death has been postponed, but who are at an increased risk
of recurrent coronary events, of other atherosclerotic manifestations, and of
developing chronic heart conditions, such as heart failure and atrial fibrillation.
Chapter 6 introduces the general principles of medical record linkage. The aim
in record linkage is to identify records that belong to same person without the
help of a unique personal identifier. These records have either been recorded
in two different files or in the same file, b u t at different times. The most
frequent use of record linkage in medical research has been in the context of
passive follow-up of cohorts. Examples include the identification of deaths in
large cohorts and trials and the identification of possible side effects of drugs
in pharmaco-epidemiological studies.
In the absence of a unique and shared identification number, other personal
characteristics have to be combined to identify records that belong to the same
person, such as gender, date of birth, place of birth, surname, marital status,
and area code. Record linkage is m a d e complex by the fact that variables may
contain errors or that they may validly change in value. Computer programmes are used to compare all records in file A with all records in file B,
leading to a total number of pairs equal to the product of both file sizes. The
objective is to classify each pair of records as either belonging to the same
person (link) or to different persons (non-link). Values of corresponding
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variables within each pair are compared to see whether they agree or disagree.
In order to quantify the evidence provided by agreement or disagreement, a
measure is calculated that compares the probability of agreement or disagreement among truly related records to the same probability among
unrelated records. This measure is known as 'weight'. Weights from different
variables are combined into an overall weight. This overall weight is a
summary measure, which reflects the amount of evidence that has been gained
in making a correct classification by observing a particular pattern of
agreements and disagreements. This overall weight forms a natural quantitative measure for classifying pairs as links or non-links.
Record linkage has many similarities with medical diagnosis. Both are
dichotomous classification problems. Patients are classified as having a
particular disease or not in medical diagnosis, while pairs of records are
classified as links or non-links in medical record linkage. Likelihood ratios of
positive and negative test results in medical diagnosis are similar measures of
information as weights in record linkage.
The added value of linked data sources in describing the long-term health
consequences after acute myocardial infarction is demonstrated in chapter 7.
The national register of hospital admissions in the Netherlands is a typical
example of an event-oriented register, which hampers the identification of
readmissions. We applied record linkage techniques to identify readmissions
and deaths in a cohort of patients initially admitted for acute myocardial
infarction.
Cardiovascular readmissions occurred regularly in patients with myocardial infarction. The highest rate (160 per 1,000 patients) was found during the
first three months after the initial discharge. The overall rate w a s similar in
men and women, but men were more often hospitalised for coronary causes
and w o m e n more often for heart failure. Diabetic patients not only had an
excess risk of dying (relative risk 2.3; 95% CI 1.5 to 3.6), but also of being
readmitted (relative risk 1.7; 95% CI 1.4 to 2.2), especially for heart failure
(relative risk 2.5; 95% CI 1.8 to 3.5). It shows the prognostic importance of the
presence of heart failure symptoms during the initial admission and the
development of these symptoms during follow-up. Diabetes is associated with
both phenomena, which explains the unfavourable pattern of readmission and
death in these patients.
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The practice of direct standardisation in four medical journals is examined in
chapter 8. Direct standardisation is frequently applied in studies comparing
rates over time (see for instance chapters 2 through 5) to address differences in
confounding factors. The absolute height of a standardised rate varies with the
choice of standard, and is the hypothetical number of events that would have
occurred if the population structure had been identical to that of the standard.
The choice of standard can affect the comparison. Therefore, readers have to
know which standard has been applied. This information is missing in one
fifth of all articles using direct standardisation.
The General Discussion provides background information about some major
developments in cardiovascular epidemiology. It demonstrates the progress
that has been m a d e in the understanding and treatment of cardiovascular
disease. Cardiovascular disease, however, remains a major problem despite
these improvements. Monitoring cardiovascular disease by means of registers
continues to be important in order to confirm expected trends and to detect
unexpected ones.
We elaborate on the specific role of registers in studies examining trends
over time. The fundamental issue in the interpretation of trends in register
data is reduced to a single question: 'is it real?' Several mechanisms can be
responsible for 'artificial' increases or decreases, not related to a true rise or fall
in incidence or prevalence of the disease of interest. Possible causes of artificial
trends are:
•
•
•
•
•

change
change
change
change
change

in
in
in
in
in

target population
notification behaviour
interrelationship between health event and registration event
classification
coding practice

The first three elements relate to the capturing process of a register, the last
two to the recording process.
Furthermore, w e formulate some general recommendations on how to
improve on the use of registers in epidemiological research. Our focus is in
particular on creating longitudinal information by linking data within and
across registers. The interest in longitudinal data is growing as a result of the
changing profile of diseases, including cardiovascular disease. The longer
survival of heart patients d u e to improvements in care d e m a n d s long-term
data to determine the exact health consequences of primary conditions. Such
data are scarce. The absence of a national health care identification number
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means that record linkage techniques are necessary to link data within and
across data sources. Policies that protect the privacy of the individual patient
while enabling medical research to proceed have to be established.
The possibilities of extending the use of national registers in the Netherlands have increased since the introduction of the 'Gemeentelijke Basisadministratie', a register containing information on actual residence. A pilot
study is u n d e r w a y to assess its value as intermediary for linking hospital
admission data with mortality data. It illustrates the efforts of adapting
registers to the changing profile of (cardiovascular) diseases in the Netherlands and abroad. Given the complexity of research involving registers it
demands teamwork between epidemiologists, physicians, biostatisticians, and
registry personnel.
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SAMENVATTING
Het gebruik van registraties bij het bestuderen van hart- en vaatziekten vormt
de kern van dit proefschrift. Dit brede onderwerp wordt van twee kanten
belicht. Binnen het eerste perspectief staan de hart- en vaatziekten centraal.
Voor verschillende hart- en vaatziekten worden de trends beschreven in het
aantal ziekenhuisopnamen (SIG-gegevens) en doden (CBS-gegevens), en
zoeken wij naar mogelijke verklaringen voor deze trends. Het tweede
perspectief is methodisch van aard en hierin bestuderen wij de mogelijkheden
en beperkingen van registraties in epidemiologisch onderzoek. Speciale
aandacht gaat uit naar het vergroten van de rol van registraties in onderzoek,
in het bijzonder door het creëren van longitudinale gegevens via het koppelen
van gegevens binnen en tussen registraties (medical record linkage).
Het proefschrift combineert empirisch onderzoek naar het patroon van
ziekte en sterfte door hart- en vaatziekten in Nederland met theoretisch
onderzoek naar de rol van registraties in epidemiologisch onderzoek.
Hoofdstuk 1 biedt een overzicht van de toepassingen van gegevens uit
registraties in diverse soorten epidemiologisch onderzoek, variërend van
algemeen volksgezondheidsonderzoek tot patiëntgebonden klinisch
onderzoek. Het gehele registratieproces valt in twee delen uiteen: het proces
van het achterhalen van een gebeurtenis en daarna het proces van vastleggen
van gegevens. Voordat een patiënt met een aandoening wordt opgenomen in
een registratie, dient aan drie voorwaarden te worden voldaan:
(1) de aandoening veroorzaakt een gebeurtenis waarvoor de registratie is
opgezet, (2) de gebeurtenis vindt plaats binnen de doelgroep van de
registratie, (3) de gebeurtenis wordt doorgegeven aan de houder van de
registratie. Het proces van vastleggen bepaalt de hoeveelheid, de vorm, en de
kwaliteit van de gegevens van iedere eenheid in de registratie.
Epidemiologisch onderzoek hebben wij onderverdeeld in momentane en
seriële studies, afhankelijk van de vraag of de noodzakelijke informatie op één
tijdstip aanwezig is, dan wel in de tijd gescheiden is. Momentane studies zijn
vooral geschikt om het vóórkomen van ziekten in de algemene bevolking te
beschrijven. Momentane studies staan hierdoor dichter bij registraties dan
seriële studies.
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Samenvatting

Het gebruik van registraties in epidemiologisch onderzoek kent vier
potentiële problemen. Ten eerste, registraties beperken zich vaak tot
ziektebeelden met een acute episode die aanleiding geeft tot contact met de
gezondheidszorg. Deze voorkeur maakt dat verschillende chronische en
functionele aandoeningen matig tot slecht zijn terug te vinden in registraties.
Ten tweede, registraties missen gebeurtenissen en leggen onterechte
gebeurtenissen vast. Ten derde, registraties zijn minder goed in het vastleggen
van historische en van follow-up informatie. Deze informatie is onmisbaar in
seriële studies. Ten vierde, het ontbreken van gedetailleerde en betrouwbare
klinische gegevens in registraties. Deze gegevens zijn in beschrijvend
onderzoek nodig om klinisch zinvolle subgroepen te maken en in vergelijkend
onderzoek om te kunnen corrigeren voor verschillen in prognostische
kenmerken tussen groepen.
Het belang en de gevolgen van deze problemen verschillen per type
onderzoek. In hoofdstuk 1 wordt een algemene richtlijn opgesteld waarin
verschillende onderzoeksvormen worden ingedeeld naar toenemende
complexiteit in gegevens, waarmee tegelijkertijd ook het gebruik van
registraties problematischer wordt.
In hoofdstuk 2 tot en met 5 worden de trends in de tijd voor de verschillende
hart- en vaatziekten in Nederland beschreven.
Hoofdstuk 2 start met de epidemiologie van cerebrovasculaire aandoeningen.
Cerebrovasculaire aandoeningen vormen een omvangrijke groep binnen de
hart- en vaatziekten met een aandeel van 24% (n=12.595) in de totale
cardiovasculaire sterfte (n=51.922) en 12% (n=29.394) in alle ziekenhuisopnamen wegens hart- en vaatziekten (n=246.263) in 1994. Tussen 1972 en
1994 daalde de sterfte, na correctie voor veranderingen in de leeftijdsopbouw
van de bevolking (de gestandaardiseerde sterfte), met 39% bij mannen en met
45% bij vrouwen. Sinds 1987 is deze daling in sterfte bij zowel mannen en
vrouwen afgezwakt. Tussen 1972 en 1986 bedroeg de jaarlijkse daling 2,7%
voor mannen (95% betrouwbaarheidsinterval (BI) -2,8 tot -2,5%) en 3,4% voor
vrouwen (95% BI -3,6 tot -3,2%). Vanaf 1987 was de jaarlijkse daling 0,9%
(95% BI -1,3 tot -0,4%) voor mannen en 0,5% (95% BI -0,9 tot -0,1%) voor
vrouwen. De ziekenhuissterfte daalde van 32,6% in 1972 tot 18,4% in 1983.
Sindsdien is de overleving van opgenomen patiënten met een cerebrovasculaire aandoening niet verder verbeterd. De analyse van de verschillende
diagnostische subgroepen liet een constante daling zien in het aantal
ziekenhuisopnamen voor de slecht omschreven groep, terwijl tegelijkertijd het
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aantal opnamen voor de trombo-embolische en bloedige vormen van
cerebrovasculaire aandoeningen toenam.
Het is aannemelijk dat de forse daling in sterfte aan cerebrovasculaire
aandoeningen zowel te danken is geweest aan het minder vaak vóórkomen
van cerebrovasculaire aandoeningen als aan een verbeterde overleving. Door
de toegenomen diagnostische mogelijkheden in het ziekenhuis is er een
duidelijke verschuiving opgetreden bij het coderen van diagnostische
subgroepen.
Aneurysmata van de abdominale aorta staan centraal in hoofdstuk 3. In 1992
overleden 590 mannen en 166 v r o u w e n aan een geruptureerd aneurysma. Dit
komt overeen met 2,3 en 0,6% van alle sterfgevallen door cardiovasculaire
oorzaken. Tussen 1972 en 1992 werd de gestandaardiseerde sterfte 2,6 keer
hoger in m a n n e n en 1,6 keer zo groot in vrouwen. Zowel het aantal ziekenhuisopnamen voor niet-geruptureerde als voor geruptureerde aneurysmata
nam sterk toe, maar de toename w a s beduidend hoger voor niet-geruptureerde aneurysmata. De voor de leeftijd gecorrigeerde ziekenhuissterfte bij
patiënten die werden geopereerd aan een niet-geruptureerd aneurysma
halveerde van 13% in 1972 tot 7% in 1992. Ook de sterfte onder patiënten met
een gebarsten aneurysma daalde, maar w a s ondanks de vooruitgang in de
zorg van ernstig zieke patiënten nog altijd 36% in 1992.
De toename in echografisch onderzoek sinds het m i d d e n van d e jaren
zeventig heeft geleid tot de detectie van vele, voorheen onopgemerkte
aneurysmata. De hieruit voortvloeiende opnamen voor diagnostiek en
operatie verklaren voor een deel de stijging in het aantal ziekenhuisopnamen.
Het verschil in toename tussen m a n n e n en v r o u w e n en de toename van het
aantal opnamen voor geruptureerde aneurysmata passen niet bij het beeld van
alleen een toegenomen detectie. Een werkelijke toename in de incidentie is
daarom aannemelijk, vooral onder mannen.
Ziekenhuisopnamen wegens hartfalen zijn het onderwerp van onderzoek in
hoofdstuk 4. Chronisch hartfalen is een complex klinisch syndroom met als
kenmerk een progressief verlies in pompkracht van de linker ventrikel.
Hartfalen w a s de oorzaak van 13.022 opnamen onder m a n n e n en 12.944
opnamen onder vrouwen in 1993. Gestandaardiseerde opnamecijfers n a m e n
toe met 48% bij mannen en 40% bij vrouwen in de periode 1980-1993. Uit
individuele patiëntgegevens van zeven ziekenhuizen werd duidelijk dat
heropnamen kort na ontslag frequent voorkwamen onder patiënten met
hartfalen. Het percentage patiënten dat binnen 6 m a a n d e n na ontslag weer
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werd opgenomen in het ziekenhuis bedroeg 14%. Dit percentage nam toe tot
26% onder patiënten die voor een tweede keer waren opgenomen en tot 34%
in patiënten die voor de derde keer waren opgenomen voor hartfalen.
De sterke groei in het aantal opnamen voor hartfalen kan worden verklaard
door meer patiënten met hartfalen samenhangend met de verbeterde
overleving bij het acute hartinfarct alsmede door meer heropnamen als gevolg
van de langere overleving bij hartfalen zelf. De rol van verbeterde diagnostische mogelijkheden en van veranderingen in opnamebeleid blijft
onduidelijk.
Hoofdstuk 5 geeft een totaalbeeld van hart- en vaatziekten in Nederland. Alle
hart- en vaatziekten tezamen waren verantwoordelijk voor de dood van
25.635 m a n n e n en 26.694 vrouwen in 1995. Dit komt overeen met een aandeel
in de totale sterfte van respectievelijk 38 en 40%. Hart- en vaatziekten zijn
hiermee afgetekend doodsoorzaak n u m m e r 1, gevolgd door de groep van alle
kankers met 36.489 sterfgevallen (27%). Tussen 1975-1995 daalde de sterfte aan
hart- en vaatziekten met een constante snelheid van 2% per jaar. In tegenstelling tot de sterfte nam het aantal ziekenhuisopnamen wegens hart- en
vaatziekten jaarlijks toe met 1,3%- Deze toename werd vooral veroorzaakt
door coronaire hartziekten (jaarlijkse toename 2,6%) met een opvallend
verschil tussen chronische vormen van coronaire hartziekten (5,1% groei) en
acute vormen (0,7% groei), door hartfalen (2,1% groei) en arterieel vaatlijden
(1,8% groei).
De bevindingen laten zich als volgt samenvatten: 'Hart- en vaatziekten in
Nederland: minder sterfte maar meer patiënten met een chronische aandoening'. Deze verschuiving binnen de hart- en vaatziekten van acuut en dodelijk
naar chronisch is vooral te danken aan de verbeterde behandeling van het
acute hartinfarct. Dit leidt tot een steeds groter w o r d e n d e groep van patiënten
die h u n hartinfarct hebben overleefd. Zij h o u d e n echter een verhoogde kans
op hernieuwde coronaire gebeurtenissen en andere manifestaties van
athérosclérose. Daarnaast hebben zij een verhoogde kans op het ontwikkelen
van chronische vormen van hart- en vaatziekten, zoals hartfalen en atriumfibrilleren.
Hoofdstuk 6 beschrijft de principes van het koppelen van medische gegevensbestanden wanneer een uniek identificatienummer ontbreekt ('medical record
linkage'). Het bijeenbrengen van records die tot dezelfde persoon behoren, kan
zowel plaatsvinden tussen twee verschillende bestanden als binnen één
bestand. Tot nu toe werd record linkage in medisch onderzoek vooral gebruikt
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om follow-up gegevens te vergaren binnen cohortonderzoek. Voorbeelden
hiervan zijn het achterhalen van sterfte in grootschalig cohortonderzoek en
'clinical trials', en onderzoek naar mogelijke bijwerkingen van medicatie
(farmaco-epidemiologie).
Wegens het ontbreken een uniek identificatienummer w o r d t bij het herkennen van records die tot dezelfde persoon behoren, gebruik gemaakt van
partieel identificerende variabelen zoals geslacht, geboortedatum, geboorteplaats, achternaam, huwelijkse staat en postcode. Het combineren van
meerdere van dergelijke variabelen kan leiden tot een sterk identificerend
systeem. Hierbij dient wel rekening te worden gehouden met de aanwezigheid
van invoerfouten. Computerprogramma's vergelijken alle mogelijke
combinaties van records (paren) uit beide bestanden. Ieder paar wordt
ingedeeld als behorende tot dezelfde persoon (link) of tot twee verschillende
personen (non-link). Dit indelen geschiedt aan de h a n d van het vergelijken
van w a a r d e n van corresponderende variabelen. De betekenis van overeenstemmen dan wel afwijkend zijn kan w o r d e n uitgedrukt in een maat, ook wel
gewicht genoemd. De hoogte van het gewicht w o r d t bepaald door de
verhouding van de kansen op overeenstemmen (afwijkend zijn) onder records
die daadwerkelijk bij elkaar horen met dezelfde kans onder records die tot
verschillende personen behoren. De gewichten van afzonderlijke variabelen
worden samengevoegd tot één totaal gewicht. Dit totaal gewicht voegt al het
aanwezige bewijs samen en vormt daarmee een logische, kwantitatieve maat
voor het indelen van recordparen in links and non-links.
Record linkage toont vele overeenkomsten met diagnostiek. Beide zijn te
beschouwen als dichotome classificatieproblemen. Bij diagnostiek w o r d e n
patiënten ingedeeld als ziek en niet-ziek, terwijl bij record linkage paren
worden geclassificeerd als links en non-links. Aannemelijksverhoudingen
(likelihood ratio's) in diagnostiek komen overeen met gewichten in record
linkage.
Hoofdstuk 7 laat de meerwaarde zien van de koppeling van bestanden bij het
onderzoek naar de lange termijn gevolgen van een acuut hartinfarct. Door het
ontbreken van een landelijk identificatienummer in de landelijke registratie
van ziekenhuisopnamen blijven heropnamen bij standaard analyses verborgen. Wij gebruikten record linkage technieken om heropnamen en sterfte te
herkennen in een cohort van patiënten met een initiële o p n a m e wegens een
acuut hartinfarct.
Cardiovasculaire heropnamen k w a m e n frequent voor na een acuut hartinfarct. De hoogste heropnamefrequentie (160 per 1.000 patiënten) w e r d
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waargenomen in de eerste drie m a a n d e n na ontslag. Het aantal heropnamen
verschilde niet tussen m a n n e n en vrouwen. Wel w e r d e n m a n n e n vaker
opgenomen met coronaire diagnoses, terwijl vrouwen vaker in het ziekenhuis
k w a m e n wegens hartfalen. Diabetici h a d d e n niet alleen een hogere kans op
sterfte (relatief risico 2,3; 95% BI 1,5 tot 3,6), maar ook een hoger risico op
heropname (relatief risico 1,7; 95% BI 1,4 tot 2,2), in het bijzonder voor
hartfalen (relatief risico 2,5; 95% BI 1,8 tot 3,5). Dit onderzoek laat het belang
zien van hartfalen zowel bij de initiële o p n a m e als het ontwikkelen van deze
symptomen daarna. Beide fenomenen k w a m e n vaker voor bij diabetici en
verklaren de hogere kans op heropnamen en sterfte in deze groep.
In hoofdstuk 8 is onderzocht hoe vaak en op welke wijze directe standaardisatie wordt toegepast in vier belangrijke medische tijdschriften. Directe
standaardisatie is een frequent toegepaste techniek (zie hoofdstuk 2 tot en met 5)
om te corrigeren voor confounding, bijvoorbeeld ter correctie voor veranderingen in de samenstelling van de bevolking. De hoogte van een gestandaardiseerd cijfer hangt af van de gekozen standaard en is het aantal
gebeurtenissen dat zou hebben plaatsgevonden indien de samenstelling van de
onderzoekspopulatie gelijk was aan die van de gekozen standaard. De keuze
van de standaard kan invloed hebben op de uitkomst van een vergelijking.
Voor de lezer is het daarom belangrijk om te weten welke standaard is
toegepast. In een vijfde van alle gevallen kon deze informatie niet in het artikel
worden teruggevonden.
De Algemene Discussie beschrijft in vogelvlucht de veranderingen binnen de
cardiovasculaire epidemiologie. Het benadrukt de vooruitgang die is geboekt
in de kennis over en het bestrijden van hart- en vaatziekten. Niettemin blijven
hart- en vaatziekten een groot gezondheidszorgprobleem. Dit onderstreept de
noodzaak om het gedrag van hart- en vaatziekten te blijven volgen om zo
verwachte veranderingen te bevestigen en onverwachte trends tijdig te
signaleren. Registraties zijn hierin onmisbaar.
De specifieke rol van registraties in het bestuderen van trends in de tijd
wordt nader besproken. De fundamentele vraag bij een verandering in de tijd
luidt: 'is zij echt?'. Door verschillende oorzaken kan er sprake zijn van een
'artificiële' stijging of daling, die niet samenhangt met een echte stijging of
daling in incidentie.
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Oorzaken van artificiële veranderingen zijn:
• verandering in doelgroep
• verandering in aanmeldgedrag
• verandering in de relatie tussen ziekte en registratie-eenheid
• verandering in classificatie
• verandering in codeergedrag
De eerste drie oorzaken behoren tot het proces van het achterhalen van een
gebeurtenis, de laatste twee tot het proces van vastleggen.
De discussie eindigt met enkele algemene aanbevelingen om het gebruik
van registraties in epidemiologisch onderzoek te verbeteren. Vooral het
volgen van patiënten binnen en tussen registraties door het koppelen van
gegevens staat daarbij centraal. Het belang van dergelijke longitudinale
gegevens is toegenomen door de verschuiving binnen de hart- en vaatziekten
van acuut en dodelijk naar chronisch. Longitudinale gegevens zijn noodzakelijk om de precieze lange termijn gevolgen van een primaire aandoening te
beschrijven. Dit soort gegevens is schaars. Door het ontbreken van een uniek
identificatienummer in de gezondheidszorg in Nederland zijn record linkage
technieken noodzakelijk om patiënten te kunnen volgen. Dit vraagt om
heldere richtlijnen die enerzijds de privacy van individuele patiënten
waarborgen, maar die tegelijkertijd de ruimte bieden voor het uitvoeren van
belangwekkend epidemiologisch onderzoek.
De mogelijkheden voor epidemiologisch onderzoek met registraties zijn in
Nederland toegenomen door de komst van de Gemeentelijk Basisadministratie. Dit bestand bevat de actuele verblijfplaatsen van alle Nederlanders.
Wij zijn gestart met een pilotstudie om de mogelijkheden van de Gemeentelijke Basisadministratie te onderzoeken als intermediair bij het koppelen van
ziekenhuisgegevens met sterftegegevens. Dit toont de inspanningen die
worden ondernomen om het veranderde patroon van ziekte en sterfte door
hart- en vaatziekten te kunnen blijven onderzoeken. Door de complexiteit van
onderzoek met registraties vereist dit een intensieve samenwerking tussen
medici, epidemiologen, statistici en registratiedeskundigen.
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APPENDIX A

SITTING AND FORMER MEMBERS
OF THE ADVISORY COMMITTEE

Soon after the formation of the Netherlands Heart Foundation (NHF) in 1965,
a working group within the N H F has reported on national data about
cardiovascular disease in the Netherlands. The earlier reports were based on
standard tables provided by Statistics Netherlands. A landmark was reached
in 1992 with the hand-over of aggregate data on hospital admissions and
deaths d u e to cardiovascular disease to the NHF. This marked the start of the
current project from which this thesis developed (grant no. 42.012). Key
persons in the development of the present project were E. Dekker (medical
director N H F from 1971 to 1985, W. Stiggelbout (medical director N H F from
1995 to 1993), F. Bonjer (chairman of the working group) and G. Jambroes
(medical director N H F 1993 to 1996). Monitoring the progress of the project
became the major task of the working group. The working group w a s enlarged
and transformed into an advisory committee. Membership of the committee
covered the whole range of relevant expertise. Below is a list of sitting and
former members of the advisory committee.
SITTING MEMBERS
•

•
•
•
•
•

R.W. Koster, chairman (Dept. of Cardiology, Academic Medical Center,
Amsterdam)
L.G.A. Bonneux (Dept. of Public Health, Erasmus University, Rotterdam)
M.L. Bots (Julius Center for Patient Oriented Research, Utrecht University)
Mrs. A. de Bruin (Statistics Netherlands, Voorburg)
E. Dekker
A G . Dissevelt
E.J. de Graag (SIG Health Care information, Utrecht)
J.C. Seidell (National Institute of Public Health and the Environment,
Bilthoven)
R.J.G Peters (Advisory Board for Cardiac Surgery and Intervention
Cardiology in the Netherlands)
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J.S.A.G. Schouten (National Institute of Public Health and the
Environment, Bilthoven)
Mrs. K. Stronks (Dept. of Social Medicine, Academie Medical Center,
Amsterdam)
C. van Weel (Dept. of General Practice, Catholic University Nijmegen)

Non-voting members
• Mrs. S.J. van Dis, co-ordinator (Netherlands Heart Foundation, The
Hague)
• G.J. Bonsel (Dept. of Clinical Epidemiology & Biostatistics, Academic
Medical Center, Amsterdam)
• V. Manger Cats (medical director of the Netherlands Heart Foundation,
The Hague)
• Mrs. M.C.M. Senten (Netherlands Heart Foundation, The Hague)
• J.G.P Tijssen (Dept. of Clinical Epidemiology & Biostatistics, Academic
Medical Center, Amsterdam)
FORMER MEMBERS

•
•
•
•
•
•
•
•
•
•

F.H. Bonjer (the then chairman of the Advisory Committee)
A.I.M. Bartelds (NIVEL, Utrecht)
Mrs. H.J. Borghans (SIG Health Care Information, Utrecht)
G. Elzinga (National Institute of Public Health and the Environment,
Bilthoven)
D.E. Grobbee (Julius Center for Patient Oriented Research, Utrecht
University)
G. Jambroes (the then medical director of the Netherlands Heart
Foundation, The Hague)
G.J. Laarman (Advisory Board for Cardiac Surgery and Intervention
Cardiology in the Netherlands)
J.J.L. Pieters (Municipal Health Services and Non-Communicable Diseases)
H.G.M. Rigter (Trimbos Institute, Utrecht)
F. Zijlstra (Advisory Board for Cardiac Surgery and Intervention
Cardiology in the Netherlands)
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DANKWOORD
Het proefschrift is voltooid. Als ik terugkijk op mijn promotietijd was het
vooral een plezierige en leerzame tijd. Vele personen hebben hieraan
bijgedragen, slechts een aantal kan ik hier bij naam noemen.
Promotor prof. dr, J.G.P. Tijssen, beste Jan
De start van mijn proefschrift lag in 1992 toen de Nederlandse Hartstichting je
benaderde over het project 'Cijfers'. Vanaf het begin heb jij mij veel vrijheid
gegeven, ondanks het feit dat slechts de bouwstenen van het project aanwezig
waren. Dankzij dat vertrouwen is het project breder en boeiender geworden
dan voor aanvang mogelijk leek. Jouw uitspraak tijdens het sollicitatiegesprek
over een door mij toegepaste analyse in een eerder artikel, 'dat leren we je straks
wel anders ', is geheel bewaarheid geworden. Bedankt voor je heldere en wijze
lessen in de klinische epidemiologie.
Promotor prof. dr. L.J. Guning-Schepers, beste Louise
Jij was één van de eerste 'buitenstaanders' met wie ik mijn plannen mocht
bespreken. Jouw kennis over registraties en jouw betrokkenheid hebben mij
zeer op weg geholpen. Jij liet me tijdig het belang inzien van goede beschrijvende analyses.
Co-promotor dr. G.J. Bonsel, beste Gouke
Hoewel jij pas halverwege bij het project betrokken raakte, was je invloed
groot. Dit had niet alleen te maken met je kennis over landelijke registraties en
de wereld die daarachter verborgen zit, maar ook met je inspirerende persoonlijkheid en kritische, maar rechtvaardige manier van werken. Gesteund door
het feit dat onze kamers naast elkaar lagen, kreeg ik op alles gevraagd en
ongevraagd commentaar. Zeer veel dank voor je inzet voor het project en voor
mijn proefschrift. Ik hoop dat we nog lang aan dit project kunnen samenwerken. Dat we nu in dezelfde stad wonen, schept een extra band.
Co-promotor dr. R.W. Koster, beste Ru
Jij bent het belangrijke vierde wiel aan mijn wagen. Als geen ander kon jij
uitleggen hoe de cardiologische praktijk veranderd was sinds ik het ziekenhuis had verlaten. Gezien je inzet voor het project was jij de man om de
nieuwe voorzitter van de Adviescommissie te worden. Beste Ru, ik hoop nog
vaak met je te kunnen overleggen.
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Leden van de Adviescommissie Cijfers van de Nederlandse Hartstichting
Zoals reeds verwoord in het proefschrift vereist goed onderzoek met
registraties de n a u w e samenwerking tussen epidemiologen, artsen en
registratiedeskundigen. In de Adviescommissie Cijfers was de juiste mix van
personen aanwezig, hetgeen duidelijk heeft bijgedragen aan het welslagen van
het project. Ik wil alle leden hartelijk danken voor h u n bijdrage in de Adviescommissie. Mijn speciale dank gaat uit naar de heren Bart Dekker en Frits
Bonjer. Van jullie bezieling en ervaring heb ik veel opgestoken. Deze ervaring
had niet alleen te maken met jullie kennis over Nederlandse cijfers, maar ook
met jullie inzicht op welke wijze boodschappen doeltreffend naar buiten
kunnen worden gebracht. Ik dank een ieder bij SIG Zorginformatie en het
Centraal Bureau voor de Statistiek die heeft geholpen bij het jaarlijks
aanleveren van de gegevens en met het beantwoorden van al mijn dringende
vragen. Ik ben zeer verheugd dat de samenwerking met het Centraal Bureau
voor de Statistiek en SIG Zorginformatie verder is geïntensiveerd met een
studie naar de mogelijkheden om patiënten binnen de registratie van
ziekenhuisopnamen en doodsoorzaken te volgen.
Destijds medisch directeur van de Nederlandse Hartstichting, George Jambroes
Een betere opdrachtgever w a s niet denkbaar. Dit k w a m vooral door je
plezierige omgang en je oprechte belangstelling voor het project. Door je vele
scherpe vragen leerde ik welke rol deze cijfers hebben voor de Nederlandse
Hartstichting.
Secretaris van de Adviescommissie Cijfers, beste Ineke
Jij kent het project langer dan ik. Vanaf de allereerste, soms moeizame
onderhandelingen heb jij je ingezet voor dit project. Dat het project verschillende woelige tijden heeft doorstaan en zich daarnaast flink heeft ontwikkeld,
is mede aan jou te danken. Ineke, ik dank je hartelijk voor de plezierige
samenwerking.
Collega's op de Nederlands Hartstichting
Door de n a u w e band met de Nederlandse Hartstichting was in het project
vastgelegd dat de onderzoeker één dag per week zou werken op de Hartstichting. Vanaf de eerste dag heb ik mij meer dan thuis gevoeld op de 'NHS'. Het
is voor een wetenschappelijk onderzoeker uitzonderlijk dat je werk zo snel
wordt ingezet bij diverse activiteiten. Ik bedank daarom een ieder op de
Nederlandse Hartstichting en op d e Hartenark voor de prettige samenwerking. In het bijzonder noem ik mijn kamergenoten van het eerste uur, Resi
Kuppens en Alix Bruens. Ik hoop nog regelmatig op vrijdag, vanwege de vis,
en op andere dagen naar de Hartstichting terug te keren.

Dankwoord
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De Rotterdamse onderzoekers van het ERGO onderzoek
Met diverse onderzoekers van het ERGO onderzoek heb ik plezierig mogen
samenwerken. Vooral van de intensieve samenwerking met Bèr Pleumeekers
en Arend Mosterd heb ik zeer genoten. Beste Arend, ik hoop dat onze p a d e n
elkaar nog geregeld zullen kruisen.
Collega's op de afdeling Klinische Epidemiologie & Biostatistiek
Het feit dat ik met zoveel plezier aan mijn proefschrift heb mogen werken, is
bovenal aan jullie te danken. Een fraaiere en afwisselender groep collega's kan
ik m e niet voorstellen. Mede hierdoor heb ik nooit echt getwijfeld aan mijn
keuze om de kliniek vaarwel te zeggen. Een aantal mensen wil ik speciaal
noemen. Lieve Noor, bijna verjaardaggenoot en kloppend hart van de
afdeling. Ik hoop dat wij nog lang kunnen blijven samenwerken. Kamer- en
ex-kamergenoten, Corianne, José, Ben Willem en Ton. Het was een genoegen
om met jullie de kamer en nog veel meer te delen. Beste Jan van der Meulen, in
de korte tijd dat onze kamers aan elkaar grensden, hebben we veel meegemaakt. Van jouw ideeën en jouw streven naar de juiste, eenvoudige vorm heb
ik veel geleerd.
Paranimfen, beste Wouter en fan Pieter
Nog altijd denk ik met veel plezier terug aan onze studietijd. De uren in d e
auto, op college en in de practica waren onvergetelijk, en hebben mij m e d e
gevormd. Ik ben zeer trots dat jullie mij op deze dag terzijde willen staan, al
wordt dat laatste in Amsterdam helaas niet letterlijk genomen.
Mijn ouders, lieve papa en mama
Hoewel jullie mij altijd op de voet volgden, hebben jullie mij nooit voor d e
voeten gelopen. Ik hoop dat jullie van de promotiedag genieten. Zonder jullie
steun w a s ik nooit zover gekomen.
Mijn 'grote' zus, lieve Heleen
Wat heerlijk dat w e weer dicht bij elkaar wonen. Ik hoop dat w e nog lang
dingen samen kunnen doen als broer en zus.
Lieve Annette en Tessa
Hoe anders had het kunnen lopen als Peter van de Ven mij destijds niet had
opgebeld voor de onderzoeksbaan in Utrecht. Sinds die tijd heb jij, lieve
Annette, mij terzijde gestaan. Ik kan je daarvoor niet genoeg bedanken.
Lieve Tessa, de laatste anderhalf jaar mocht ik het werken aan het proefschrift
combineren met het vaderschap. Hoewel de combinatie soms vermoeiend
was, had iedere dag in elk geval een stralend begin als ik je 's ochtends wakker
maakte.
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C U R R I C U L U M

VITAE

Johannes Bernardus Reitsma werd op donderdag 16 september 1965 in het
Holy ziekenhuis in Schiedam geboren. In 1983 behaalde hij zijn VWO diploma
aan het Christelijk Lyceum te Veenendaal. Aansluitend begon hij aan de studie
Geneeskunde aan de Rijksuniversiteit Utrecht, alwaar hij zijn doctoraal
examen haalde in 1987 en zijn artsexamen in 1990.
Van 1990 tot en met 1991 werkte hij op de vakgroep Endocrinologie van het
Academisch Ziekenhuis Utrecht (hoofd prof. dr. D.W. Erkelens) en was
verantwoordelijk voor het uitvoeren van een clinical trial naar de lipidenverlagende potentie van een pancreaslipaseremmer (Xenical, Roche).
Daarna was hij een jaar verbonden aan het Medisch Centrum Immunisaties
(hoofd dr. H.C. Rümke) van het Rijksinstituut voor Volksgezondheid en
Milieuhygiëne. Hier werden de eerste veldstudies opgezet naar de werkzaamheid van een nieuw meningococcen B vaccin. In deze periode volgde hij de
postdoctorale opleiding epidemiologie bij het Instituut voor Extramuraal
Onderzoek, Vrije Universiteit, Amsterdam.
Begin 1993 werd hij als arts-epidemioloog aangesteld op de afdeling
Klinische Epidemiologie & Biostatistiek van het Academisch Medisch
Centrum, Universiteit van Amsterdam. Met subsidie van de Nederlandse
Hartstichting analyseerde hij de trends in ziekenhuisopnamen en sterfte door
hart- en vaatziekten in Nederland in de afgelopen 25 jaar, hetgeen uiteindelijk
resulteerde in dit proefschrift.
Sinds 1998 heeft hij een vast dienstverband op de afdeling Klinische
Epidemiologie & Biostatistiek (hoofd prof. dr. P.M.M. Bossuyt). Naast zijn
algemene werkzaamheden als arts-epidemioloog in het Academisch Medisch
Centrum houdt hij zich in het bijzonder bezig met het bewerken van
routinematig verzamelde gegevens teneinde longitudinale analyses te kunnen
uitvoeren. Hij blijft als adviseur werkzaam voor de Nederlandse Hartstichting.
In zijn vrije tijd is Hans Reitsma een fervent golfer en vliegvisser. In 1997 is
hij getrouwd met Annette Bergveld. Hun dochter Tessa werd geboren op
1 april 1998.

